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Abstract:

The “factory of the future” is a widely discussed concept which promises to underpin the next wave of
productivity in industry by integrating new technologies — especially information and communication
technologies - into industrial production. Based on a comprehensive bibliography analysis, this article
refines the concept of the factory of the future as a factory combining smart, green and human dimensions to
achieve a higher level of productivity.The concept of the factory of the future stresses the central role of
information networks for optimising and flexibilising production processes. In addition, energy supply and
energy usage are decisive levers in enhancing the global productivity by using energy in the optimal way.
The smart, green and human dimensions of the factory of the future are involved in each industry sector.
However, each sector faces specific challenges. This is illustrated by two case studies on the role of energy
in two different industry sectors. A sugar factory is analysed as an illustration of the energy intensive process
industry, where gains are achieved by mastering local energy production and thermodynamic processes.
Combined heat and power generation allows quasi-energy-autonomous factories and energy is reused
several times in cascades in the production process. A production machine factory is analysed as an
illustration of the downstream industry in which the smart use of energy increases productivity. This
innovative factory uses the best available technologies, on site energy production with renewable energies,
heat recovery and storage, the use of natural lighting and cooling for factory buildings and energy
management systems. These two examples underline that the factory of the future will take multiple forms.
These examples also show that the factory of the future is already built today. For energy companies, issues
related to the factory of the future are the decentralised production of energy mainly based on renewable
energies, the monitoring and management of energy consumption using information and communication
technologies, flexible and adaptive energy networks to allow flexible and modular production and energy
analysis methods for the improvement of energy-intensive production processes. The concept of the factory
of the future remains a challenge for the energy companies. Many aspects of the factory of the future can be
built through continuous improvement which can be integrated in daily operations. However, new business
models and technological disruptions can bring unforeseen changes to industry.
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1. Introduction

In a context of renewed focus on the importanceadistry in developed countries, productivity is
a major issue. New technologies, especially infailonaand communication technologies (ICTs)
will be decisive for industry to increase produityiv The concept of “factory of the future” brings

together many different approaches. We presentistibaview of the elements which make up the
factory of the future with a special interest imavations that are already in development.
Furthermore we analyse two exemplary factories ftam different industry sectors with a special
focus on the role of energy in the factory of theife.

2. General description of the “factory of the futur e”

Several different names describe the concept offttwtory of the future” or elements of it: smart
factory, advanced manufacturing and industry 4.@e Gtudy [1] gives a possible scientific



definition of the “smart factory”“A Smart Factorg a manufacturing solution that provides such
flexible and adaptive production processes thdtsweive problems arising on a production facility
with dynamic and rapidly changing boundary condiion a world of increasing complexity. This
special solution could on the one hand be relatedutomation, understood as a combination of
software, hardware and/or mechanics, which shaald to optimization of manufacturing resulting
in reduction of unnecessary labour and waste ofuee. “

The scope of the factory of the future includesdbecept of a smart factory, as defined above, and
in addition the concept of a green and human fgctér green factory aims at producing the
maximum output value using a minimum of resouraed amitting a minimum of waste. Green
factories also come with new modes of designinglpets, such as eco-conception, and produce for
new modes of consuming, such as the economy otifuradity, in which not the ownership of a
product (e.g. a copy machine) but its functionaféyg. a certain number of photocopies) is sold.
Human factories aim at creating employment for jee@pd providing workers with good working
conditions, i.e. via the reintegration of the fagtan the city. It is important to stress that stmar
green and human factories are all used to achiveverall goal in industrial production, which is
an increase in productivity.

One lever for achieving higher productivity in tFectory of the future is the integration of new
technologies. Innovations from the physical worlkk |advanced robotisation and automation,
additive manufacturing, new materials and ubiqsteansors and tags will play an important role.
In the virtual sphere, information and communicatiechnologies, big data analytics and cloud
computing as well as increasingly powerful simolattools can change manufacturing. The big
potential however lies in integrating the innovasiofrom the physical and the virtual world: by
creating cyber-physical system in which a netwdrk@mputational elements controls machines,
stocks and resources, factories can have a realdimd global view of their production processes.
Machines can communicate directly and organise $siedéras via Internet of Things technology
without needing a central computer. Productionslirean assemble automatically to produce
according to the current demand.
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Fig. 1 The factory of the future is centred oa tombination of physical and virtual innovation

The integration of those new technologies can teehgalize new ways of producing, notably:

Integrated production will for example let the customer propose his wisland integrate them

already in the design and construction processofestouction). Suppliers and subcontractors will
also be more involved in production (coproductianyl a higher level of information and control
over the supply chain will be possible by real-timenitoring using sensors, tags and information



networks. Integrated production also means thatctofy will not only produce and sell products
but increasingly link services to those products.

Flexible production will be rapidly adaptable to new external conaiioln today’s rigid factories
adaptations to new products or technologies — whigseéme is generally shorter than the life time
of a factory — are linked to important costs duadgessary investments and production downtime.
Modular production lines can allow quick adaptatimn exchanging single machines instead of
whole production lines and by lining up additiomabdules instead of enlarging the entire
production chain if larger quantities are needed.

Modular production facilitates the production of smaller batches withre rapid product cycles
and shorter times-to-market.

Custom-made production will produce according to customer’s individualdarapidly changing
needs and wishes. The final goal would be a pramlucif lot size 1 at cost and speed comparable
to today’s rigid mass production.

In summary, the concept of the future holds sigaiit promises to increase productivity and to
prepare factories for a future in which flexibilignd speed will be required to respond to quickly
changing external conditions. A study [2] statest the productivity increases by using internet-of-
things and other new technologies might reach 3ar®d,promises high annual growth rates in the
related technological fields of sensors, interrfethongs technologies and software.

However, the concept of the factory of the futuls® agenerates concerns, i.e. on how SMEs can
realize and benefit from those advanced manufagusblutions. The protection of intellectual
property will have to be adapted to integrated potidn processes in which a product is developed,
designed and produced by many partners and in wiadtitive manufacturing methods
significantly reduce the threshold to copy products

Different time horizons: Some elements of the factory of the future areaaly implemented
today, while others will require significant additial time until they are operational. Other eleraent
may be limited to special applications. We say #rainvestment into efficient technologies which
reduce costs and increase a factory’s competitsetwday is also an element of the factory of the
future concept as it then allows investments iree technologies for manufacturing in the future.

3. Sector-specific approach

Some elements of the concept of the factory of ftliere concept (green production, flexible
production and the integration of new technologieg) be important in any type of factory, but
other elements will differ widely in their importem and applicability depending on the sector of
production. We stress the importance of a secteciBp approach which takes into account each
sector’'s challenges and specificities like the hapital and energy intensity in the process
industry, or the labour- and trade-intensity of #lectronic equipment industry. Several research
projects already developed a sector-specific visiba.g. the food factory of the future (EU project
PickNPack) or the chemical factory of the futureJ(lBroject F factory). In labour-intensive
industries, advanced robotization and automationatlw the relocalization of manufacturing as
the advantage of being closer to the end customéatances lower labour costs in other countries.

4. Focus on energy

4.1. Global changes concerning energy

The way energy is produced, distributed and congunmelergoes fundamental changes under the
pressure from resource scarcity, growing energyeprand climate change but also from political
conditions and consumers’ increased attention tar@mmental aspects. Industrial production
consumes large amounts of energy (27.8% of théaatrgy consumption in Germany [3], 21% in
France [4]) and will therefore be affected by thokanges.



In this article, we analyse the role of energyhe future factory. We assess the influence of the
changing energy landscape on the factory. We asdyse how energy will be used inside the
factory and state an evolution of energy from apdgnutility towards a key performance indicator,
information carrier and important factor for compegness.

Figure 2 shows the global changes we expect toragetated to energy in the factory of the future.
Energy savings will be possible due to a smarter afsenergy, for example by the reduction of
used material in additive manufacturing processegshe continuous improvement of energy
efficiency based on the availability of real-timensumption data. Generally, energy efficiency has
become a key factor for a company’s competitiverasd is therefore an important issue for
industry, especially in the energy-intensive sexctardowever, the increased use of robots,
automatisation and the acquisition and analysigmge amounts of data will consume additional
energy which may compensate parts of the possilengs. Today, the energy consumption in
most factories is relatively stable. It will becomere flexible as the production will be adapted to
changing demands. Within the factory, a flexiblergy supply network have to be developed to
bring electricity, compressed air and other ugditbut also materials to the points of the modular
production line where they are needed. The faaddthe future will be able to level out part of the
consumption fluctuations by acting not only as astoner but also as storage of energy. In
addition, factories will auto-produce a larger pafrtheir energy and improve the reuse of excess
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Fig. 2. The global changes concerning energy

The place of the factory of the future in the energy landscape of the future

New energy reglementation offers subsidies for gnesfficiency, renewable energies and peak
load reduction or imposes measures such as enadig dor large companies in France. The aim
of carbon emission reduction will increase the afselectricity, which is easier to decarbonise than
gas or fuel. Decarbonisation can also rely on teldues like carbon capture and storage [5].
Energy for future factories will be increasinglyoguced in a decentralised way with renewable
energies or combined heat and power (CHP) uniteadlly today in Germany 20% of the energy
consumption in industry is produced locally by CHRits [6]), which have become profitable
because of low gas prices and existing subsidiel® & considered as a transition technology as it
uses fossil fuels in most cases. CHP units alloeodpling the factory from problems in the grid
caused by the intermittent character of most rebé&vanergy sources. The increase of renewably-
sourced electricity in the electricity mix redudéas reliability of the electricity supply. Thereéor
smart grids are necessary to ensure the relialaity quality of electricity supply which is vitadrf
many industrial processes.



Globally, the energy consumption in industry is ested to grow due to higher output [7], but the
efficiency could also be increased significantlye tEM? factory project aims at an energy and
resource consumption reduction by more than 30%upérproduced by 2030, compared to the
level of 1990 [8].

Energy inside thefactory of the future

Studies [9-10] have shown that even with today’ailalle technology, the energy and resource
efficiency in manufacturing companies can be redume more than 10%. A higher part of auto-
produced energy and the use of factory buildingspfeak load reduction and energy storage can
help to reduce the energy cost. Examples of thdeimg@ntation of those concepts are explained in
section 4.2 and 4.3.

Our focus lies on the smart management of energguwoption inside the factory. The general idea
is to implement a systematic way in which the ep@gnsumption can be measured, analysed and
continuously improved. For this sensors which meashe individual consumptions at different
points in the factory are installed and IT systeresused to analyse this data. Excess consumption
can indicate technical problems in machines or @neetworks and allow targeted preventive
maintenance. If energy efficiency measures areopedd, their gain can be validated based on a
comparison of data. If the data is acquired in-timad¢ throughout the factory, the specific energy
consumption for the production of a single prodcem be calculated [12] and communicated to
consumers. If a monetary value is attributed tocttresumption data, this corresponds to a real-time
energy bill of the factory. An energy managemerstay therefore gives a holistic and data-based
view of the energy efficiency, security, use andnswonption within the factory.
Several energy management system solutions exigthwiake the link between the energy
consumption inside the factory, including previsioon future consumption, and the real-time
energy availability and price which is influencey the availability of electricity from renewable
sources. This link between offer and demand cam teebptimise the energy costs of production.

A further step is an integration of the energy amasgource consumption as a key performance
indicator in the production management loop begideconventional time, cost and quality oriented
indicators [13]. One integrated approach is thestbishi “e&eco-F@ctory” [14], which has
resulted in significant energy savings in two modhttories in Japan. This holistic factory
automation system is now brought to the next léyeintegrating end-to-end Internet of Things
connectivity and big data analytics in a collabioratvith Intel [15].

Energy networks within the factory need to be p&hdifferently if production lines are flexible
and modular: as electricity, compressed air anckrothilities as well as material flows must be
quickly brought to different points in the factorwe stress the importance of considering the
energy supply networks at the earliest stagesavfrjshg a new factory building or production line.
A decentralised intelligence in the energy netwdnsde the factory — micro smart grids - can
manage the evolution of consumption points and tfieshand distribute peak loads. However,
complex energy systems should always have anirglyitunderstandable and easily manageable
interface.

Again, a sector-specific analysis is required alugtries differ significantly in their use of engrg
We differentiate between energy-intensive industaad non-energy-intensive industries. For each
case, we analyse an example of a factory in whiements of the factory of the future are already
implemented or developed today.

4.2. Sugar as an example of an energy intensive fac  tory
Key numbers of the sugar industry

France is the first producer of beet-based sugtdrarworld, using 33 million tons of sugar beet per
year. Alternative products which can be produced sugar factory are ethanol and beet molasses
as well as products like sugar beet pulps and dagtory lime which are returned to agriculture for
soil pH enhancement. Sugar is the only processed pooduct traded world-wide and is therefore



subject to international competition. The sugamustdy being seasonal, beetroot processing plants
are fully active only during the sugar beet campdapout four months per year).

Energy costs are the second highest post in thgdbuaf a sugar factory, after material costs for
sugar beet and in front of workforce costs. Theasugdustry in France has the third-highest
percentage of energy costs relative to total c¢steluding investments) among all industrial
sectors [16]. The overall share of energy costmaduction costs is about 12%. The primary fuels
consumed are: natural gas (69%), coal (18%) andyhteel (13%). The mean annual energy
consumption of all sugar factories in France dugogar beet campaigns is about 180 kWh per ton
of sugar beet. The sector has 25 combined hegb@andr (CHP) units for the 25 sugar factories in
France, allowing quasi-autonomy in the electrigtypply. However, no electricity is fed into the
grid, contrarily to the sugar industry in Germamwhere higher-pressure boilers are in place and a
surplus of electricity is produced.

Since it has been followed by SNFS (French SugarWVéturers Association), the specific energy
consumption per ton of sugar beet has decreaseuhwounsly until today as shown in Fig. Sugar
production has been object to extensive study atichzation concerning energy efficiency.
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Fig. 3. Energy consumption in thermal units per od beetroot in sugar processing, SNFS

Fig.4. The stages of refined sugar productionides beetroot and inside a beetroot processingtpla

An overview over the production process from sumgets to crystallized sugar is given below (the
numbers reference to parts of Fig. 4 in which treelpction takes place):

1. Reception
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Beets unloading and washing
Diffusion: the sugar content of the chopped sugatdbis extracted into a hot water solution.
Purification: impurities are removed from the ragebjuice using lime and carbonation.
Evaporation: 5-fold concentration of the raw be#tg in a series of 4 to 6 evaporators.

Crystallisation: the concentrated raw beet juickirgher concentrated by boiling under vacuum.
Fine sugar crystals are seeded in, around whigedarrystals form, which are then separated in

a centrifuge, cleaned and dried.

7.

Drying, storage and packaging

Theenergy flow through the sugar production process

Figure 5 schematically shows the energy flows tghothe sugar production process. This factory
has a throughput of 16 000 t beet/day. The figheas an oversimplified procesim order to give

an idea about the multi stage evaporators.
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Fig.5. Energy flows through sugar production pregea) standard, b) optimized as described in 4).

! This balance did not take into account recovetezhah evaporation stages flash coming from coradesisand juice
which pass through lower and lower pressure camdtilt is not possible to show a typical flow dag due to the
large types of evaporation schemes (linked to wariactivities linked to the sugar production likkamol production

and thick juice storing).



The fuel (gas, coal or petrol) is transformed int@rheated steam and electricity in a CHP unit
(pressure 42 b, temperature 400 °C). After expanisi@ turbo alternator for electricity production,
the low pressure steam is then used to concentiateaw beet juice by boiling in four to six
consecutive evaporators. In an exemplary casestdem cools down from 133°C to 88°C under
vacuum during this process. The vacuum is prodbgdaarometric condenser followed by vacuum
pumps. The steam is used to heat the differenéstafjthe sugar production process, depending on
the temperature needed. Around one third of thanstés taken at 113°C from the third
concentration step to provide energy for the ctiiatas, while the rest of the steam is used for
further concentration of the beet juice. Then aaothird of the steam, which is now at 103°C, is
taken away to be used in the diffusion and putikcaunit. The remaining steam concentrates the
beet juice in the fifth and final evaporator. Iraat step, steam is taken to the diffusion unith#
system is not balanced for the maximal reuse ofggnea surplus of steam is left after the
production process. In the exemplary case showigume 5, 7 tons per hour of steam with a final
temperature of 88°C are discharged to the envirornieerefore wasted.

This described energy cascade in the productiomgsso allows using the input energy several
times. The sugar production process has already dh@een towards a high-performance system, in
which the constraints are given by the rules ofrtteelynamic balance between the consecutive and
interlinked production steps.

The sugar industry continuously further improves pinoduction process an energy usage

1. The system is generally optimised by thermodynabaancing: 128°C steam from the first
effect may be reheated to 133°C by a compress@ar(stinjector). This increases the
concentration level which can be attained in thst ioncentration step. In the example case, the
total quantity of steam which is produced in thgeaeration unit can be reduced by 6 t/h and
the loss of steam at the end of the process isbtily.

2. More steam produced in the cogeneration unit cdiddused for compression. This allows
increasing the concentration level achievable @nfitst concentration step. In comparison to the
example given in a), the achievable concentragondreased by 50%. In the example case, the
total quantity of steam which is produced in thgeameration unit can be reduced to 97.5 t/h and
the loss of steam is cancelled, but the amounlecfrecity produced in the cogeneration process
is no longer sufficient for the sugar plant. 6.2 MiVelectricity must be bought from the grid at
a higher cost.

3. The thermodynamic balance must be modified to abeiging electricity and to reduce steam
consumption. The number of effects in the evapmmasitation can be increased from 5 to 6. As
crystallisation and diffusion units are heated twydr temperature steam, new heat exchangers
are needed in these parts of the plant. In the pleaoase, a small deficit in the produced amount
of electricity remains.

4. The required amount of steam for the productiorc@se can be further reduced by shifting the
crystallisation unit such that the steam whiched in is taken from the fifth evaporator. This
requires an increase in the crystallisation exchasgrface because the crystallisation is done at
a lower temperature. In the example case, as @epictFig. 5b, all the required electricity can
then be produced by the cogeneration unit, whosé dansumption can be reduced by 31%
compared the initial situation shown in Fig. 5a.

Potential of improving the ener gy-efficiency

Several energy efficiency actions — technologicdlt®ns or improvements in sub-processes - can
save energy in the production process. If all gissictions were applied in today’s sugar factories
the energy consumption could be reduced from 180/kd of beet to 136 kwWh/ton of beet. The
possible energy efficiency gain is more than 20%d amounts to a total saving potential of all
sugar factories in France of 1.15 TWh of combusti®r year.

Below a threshold of 157 kWh/ton of beet, the cagation unit in the sugar factory cannot
produce enough electricity to be autonomous andreal electricity must be bought. From the



industry’s perspective, the energy efficiency gaaonomically profitable is evaluated at 10-15% of
the total possible gain. The associated averagesiment payback periods lie between 6 and 7
years. With incremental process improvement stgofigked with the investment capabilities, the
specific energy will continue to decrease.

4.3. Injection moulding machine factory as an examp le of a non energy-
intensive factory

Arburg is an industrial company with a consolidatachover of 480 Mio. € (2013) and around
2 350 employees worldwide, which produces injectoulding machines in a single production
site located in Lossburg, Germany. The factory abukg is an illustrative example as their
production processes, factory buildings and prasladteady use elements of the factory of the
future.

The main objective — both strategically and inydaperations - of the company is to increase the
production productivity. Energy-efficiency is arsestial lever to achieve this goal. Their products
and their production are driven by the concept sfraart, green, human and efficient production.
The participative management and regular interrestings on energy savings allow integrating all
the employees’ ideas to improve the energy effyenf the factory. Collaboration with the
Institute for Resource Efficiency and Energy Sty IREES gives the company outside ideas and
expertise.

The management board has a long-term view and #incons need to increase the production
capacity. Therefore continuous investments are nmd®dernize the factory. The optimization of
the interrelated topics quality, productivity, eperand environment is a continuous goal.

The factory was among the first companies in Gegnmarhold the triple certification 1ISO 9001 for
guality management, 1ISO 14001 for environmental agament and ISO 50001 for energy
management in 2012. This shows that this exampfeleed a pioneer in implementing the energy-
efficient factory of the future already today.

Energy is a central item in the factory developmeatenergy is already taken into account during
the planning stage for new production systemsdimgk and extensions. This helps to maintain
high energy performance at reduced cost througheutvolution of the company.

A classical reference factory which produces ingectoulding machines would use energy in the
following way: electricity and gas are bought arsgdi in the production. Gas is used in boilers to
produce hot water and steam, which are mainly Gcetieating the building and processes in the
production line. Electricity is used for lightingentilation, production of compressed air, running
electric motors and other uses.

Arburg’s actions to increase the energy efficieany therefore the productivity of their factory can
be grouped into 5 categories: auto production adrgyn use of natural resources for energy-
efficient low-consumption buildings, waste heatonary for building and process heating, some of
the best available technology for energy-efficierttcesses and central energy management system.

In 2013,32% of the electricity consumption of the factory was auto-produced, with 24% from
combined heat-power units (total installed powethef CHP units: 12100kW), 5% from wind power
and 3% from solar energy (total installed powertpkioltaic panels: 1135 kWp, yielding an annual
production of 1000 MWh, equivalent of the annualsamption of 100 households).

The energy-efficiency of the factory buildings is increased by favoring natural lighting and
adapting the artificial light to the available natulight. The intelligent switching off of lights
parts of the factory buildings resulted in anndetticity savings of 4500 kWh. The buildings are
naturally cooled by free cooling with external automatic window opening, cooling at night and
movable shades.

A global water network inside the factory recovers waste heat from machine testing,
compressed air systems and from waste heat invlimiated air. This hot water at a temperature of
35°C is used inside a heat pump to produce hotrvedté5°C. This hot water is used to heat the



building via underfloor or facade heating. The haiter is also used for preheating and drying in
production systems such as powder coating. Théhgaotl storage system (24 holes bore heels of
199m depth) represents a heating capacity of 600000 respectively a 400000 kwh cooling
capacity. By using this geothermic storage, the gasumption for heating the newest factory
building can be reduced to zero.

The energy efficiency in production processes is improved by several energy efficiency actions:
classical actions include motors with electronieesp variation and replacement of motors at their
end-of-life with highest-efficiency class motors 2IE Specific energy efficiency actions
implemented in the factory are the decentralizeth@ssed air production to avoid leaks, plasma
nitriding as an eco-friendly and energy efficierardening process, friction welding to reduce
energy-intensive machine work and sheet metal ooctgin instead of solid blanks, which
substitutes and reduces materials use to reducgyec@nsumption. Suppliers are also consulted on
energy-efficiency measures, e.g. on efficient faesa for thermal treatment. Those energy
efficiency actions are specific to the productitvaio in this factory.

A central technical facility management uses data acquired from the factory for control,
regulation and optimization of the buildings (eagitomatic adjustment of shades and artificial
lighting according to measured weather conditiomztural ventilation via regulated drives in

addition to mechanical ventilation and the use lod geothermal storage for either heating or
cooling of the buildings). The central buildingngees management is also used to distribute
energy loads in such a way as to avoid energy péaks slowing down regulated motors or
switching off ventilation when energy peaks appear)

It would be interesting to compare in a quantigativay a fictive classical reference factory with
this innovative factory. However, as the energyc&fhcy activities are ongoing processes in the
innovative factory, no complete and precise contper&alues are available.

4.4. Conclusion and comparisons between these two fa  ctories
Conclusion

The sugar industry has its own vision of the factof the future: a process of continuous
improvement in particular for the reduction of anerconsumption. By this, the energy

consumption per ton of beet has been halved inptst 40 years. The sugar industry has an
expertise in mastering complex thermodynamic preeeswhich is valuable in other energy-

intensive production processes.

Arburg’s 5 key points which make their factory atample for a factory of the future are:
= The overall goal is to improve the global productedficiency.
= Energy efficiency is one of the levers to achiehvis goal

= The energy aspect is taken into account at théestadtages of any project to develop the
products, production processes or factory buildifidss allows to realize more energy solutions
and notably at a lower cost.

= Long-term vision: The decision to realize projeots energy efficiency is not purely based on
today’s profitability calculations and short paykditnes but takes into account possible future
economic and environmental conditions like risingergy prices or shortages in energy
availability.

= Participative management: The organizational stmectencourages employees all over the
company to contribute with their ideas.

Today Arburg has implemented efficient and holistays to use and manage energy. In the future,
for example due to rising energy prices or stricegulation on energy, this might become the
economically reasonable solution for all industcgampanies. Up to now the strategy was to build
the factory of the future by many small evolutiteps. Looking back, those steps correspond to a
big innovative change. From Arburg’'s experience, ¢tbncept of the factory of the future must be
translated into steps which can be implementeaily dperations.



Comparisons between these two, intensive energy and non intensive, factories

The two sectors have different energy issues. li@stigar industry, the cost of energy on the total
cost is significant (12%) compared to injection diod machines factory where it amounts to less
than 1% [16].

Energy is a key parameter in the productivity ofjaaubeet and the factories are investing in the
continuous improvement of the energy performancthefprocess through the implementation of
complex thermodynamic analysis results. The ratiopmduction of the co-generation unit,
corresponds to the heat generated to the elegtpoitduced (electricity represents 10 % of thel tota
energy need). It is perfectly adapted as neededllfoequirement of the process.

For the manufacturer of injection molding machinesergy is one of the levers to improve the
productivity. The factory looks for reliability opower supply and anticipates the investments
following scenarios of increasing cost of energyl &tectricity availability. The ratio of the co-
generation unit isn’t always adapted to the factoegds. The heat produced by the co-generation
unit requirements depends on the space heating mermfithe buildings. Outside the heating
periods, the heat in excess must be stored

Besides the process aspect, there are howeveastag between these two examples. They have
both a long term vision and aim for continuous ioy@ment of their processes. Energy is a

competitive lever and its inclusion is integrategstneam of all investment projects be it on

products, processes or on the extension of butdiBgth factories have co-generation facilities

which bring them a certain degree of autonomy ftbenpower grid.

The comparison of the energy-intensive sugar ingluahd the injection moulding production
factory shows that energy plays a central roleath bactories, but that the challenges and solstion
differ significantly between the two sectors of ustiy. From those two examples we deduce that
the main subjects linked to the factory of the fattor which solutions need to be developed are:

= the decentralised production of energy mainly basecenewable energies,

= the monitoring and management of energy consumptgang information and communication
technologies,

= flexible and adaptive energy networks to allow itdx and modular production ,
= energy analysis methods for the improvement ofgnetensive production processes.

5. Conclusion

The global study of the concept “factory of theuhef’ shows that it is mainly based on the
integration of new technologies into industrial gotion which will allow productivity increases

and the adaptation of industrial production to dgpchanging boundary conditions. The factory of
the future will be smart, green and human and ptolu will be integrated, flexible and custom-
made.

We underlined the importance of differentiating terious sectors of industrial activity. This
article stresses the central role of energy infotory of the future. Two factories are analysed
regarding innovative solutions concerning energyckvithey implement today in their development
towards the factory of the future.

A sugar factory illustrates solutions for the eryengtensive process industry, where gains are
achieved by managing local energy production aedilodynamic processes. Combined heat and
power generation allows quasi-energy-autonomousiias and energy is reused several times in
cascades in the production process.

A production machine factory illustrates possibtduions for the discrete industry in which the
intelligent use of energy holds the potential tor@ase productivity. This innovative factory uses
the best available technologies, auto productidh v@newable energies, heat recovery and storage,
the use of natural lighting and cooling for factbryildings and energy management systems.



The conclusion of those analyses is that with retspe energy, the factory of the future needs
solutions for the decentralised production of epengainly based on renewable energies, the
monitoring and management of energy consumptiomgusnformation and communication
technologies, flexible and adaptive energy netwaokallow flexible and modular production and
energy analysis methods for the improvement of ggreitensive production processes. Energy
plays a key role in the building the factory of fia@re. Our article underlines that some elements
of the factory of the future are already developad used today. Other elements of the factory of
the future will require more time to be implementids important that the concept of the factory
of the future can be translated into small openaficsteps which factories can implement in an
evolutionary manner in their daily operations. Heer future technological and economic
disruptions will surely change the vision we halday of the factory of the future.
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