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Fraunhofer Project Group
Resource Efficient Mechatronic Processing Machines

M Fraunhofer-
Standorte

FOUNDED:

1. Januar 2009 Wi

RAMP-UP: K

Affiliation with iwb of TUM 1'% | & -

OUR GOAL: e

Establishment of an o Orscen

independent v cherit _

Fraunhofer-Institute for Prof. Dr.-Ing. Gunther Reinhart

resource-efficient e Head of the Project Group RMV

production und processing " Kane Chair of Industrial Management

as part of the Stuttgart B and Assembly Technologies (iwb)

"Augsburg |nn0vati0nspark“ = AUQSbU Technische Universitat Miinchen
Z Fraunho

Department Resource Efficient Factories

Department Planning and Control

Projektgruppe

Department Control and Systems Engineering

Department Components and Processes
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RESOURCE-EFFICIENT PRODUCTS AND PROCESSES

Assessment and augmentation of resource-efficiency | Industrial biotechnology | Ecobalance

NETWORKED PRODUCTION

Production planning and control | Industry 4.0

NETWORKED MODEL BUILDING UND SIMULATION

Interlinked simulation | Virtual startup operations | Benchmarking | Physics-based simulation

§ FLEXIBILITY IN MANUFACTURING

= 3 d Flexible handling systems | Energy flexibility | Load management | Flexible packaging
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Challenges of the German electricity market

— The situation in Germany — Consequences
= Nuclear phase out by 2022 = Energy supply grows volatile
= Increase of the share of renewable = Distinct differences in regional
energy sources from 23 % to 80 % energy production
by 2050
= Expansion of wind and solar energy is 00 Temporary overrun in energy supply
the priority [<=2h  [l<=4h [<=8h MW<=24h [I<=72h
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20 — — — - — - — -
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2010 2015 2020 2025 2030 2035 2040 2045 2050

} Substitution of nuclear power plants by renewable energies

Source: BUA, BMU & BMWi 2009, dena, sueddeutsche.de
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Challenges of the German electricity market

— Impact on the electricity market ——— — Electricity price per MWh on 5.1.2012 -
= Fluctuating prices due to imbalances
in energy supply and demand 60
= Frequent appearance of peaks in €/

I\

. . MWh

energy prices as well as negative 20 /\/ \

prices / \
30

= Economic incentive for supply-driven / )
usage of electric energy

’ Availability of electric energy as a resource gains importance...

Source: EEX
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Challenges of the German electricity market

— Index of electricity price (industrial)

= Significant rise in electricity prices for
industrial consumers

300 "V UEZR0 7)) 3
o / 77
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— Relevance for SME

= Influence of energy prices on the
development of the company

2%

W positive neutral ~ m negative

} ...in producing companies.

SME: small and medium-sized enterprises

Source: BDEW | PwC/BDI 2014
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Strategies for the energy transition

— Rise in electricity prices

200 ,
€/MWh
50
0 >t/a
2000 2007 2014
Shortage of resources

Companies need to be

efficient
in their use of energy

— Fluctuating prices

€/MWh T~S—
FOR/En\erg
— >t/h
—_ 2013 2020

Decrease in security of supply

Companies need to be
flexible
in their use of energy

’ Electrical energy has to be used consciously for a successful energy transition
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Technical leverages in energy analysis are already located In
the factory and production process level

Step

Factory plant energy
consumption

Optimization of
process chains

Alignment of energy
and production targets

Energy consumption of the factory

B Displays energy flows of different sources
from gate to gate (incl. lost heat)

B Shows energy conversion for different plant
areas

Method of the Energy Value Stream

B Analysis phase: Measurement,
visualization, analysis

B Design phase: Definition of measures,
prioritization, identification of interactions

Energy production planning and control

B Implementation of energy as a resource that
Is monitored and planned

B Selection of relevant measurement points on
the field level

Planning: ERP -::E

1
1
!
Control: MES Z E
L=\
1

ac Sl ENE E

:2513 Z rSenso UActor
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Machine level energy consumption can be used for saving,
flexibilization and indication of machine status

Step

Energy profile analysis

Green

B Classification of energy profiles of different Factory
Machine energy packaging machine types £ —e

, i .
saving -

Identification of correlations between process et 11

parameters and energy use —— T | e

Energy flexibility
_ B Controlling time, amount and/or price of FO En erg
Machine energy consumption (peak load) by /
flexibilization o /—/;
B Organizational measures and I
B Technical system optimization E>

Energy profile based condition monitoring

Green

B Avoid machine faults and failures in advance Factory
by using energy as an indicator of machine W AUGSBURG
Sta'[US 1141 f real

| e siiada Benchnari

Machine energy
condition monitoring

]
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According to different energy targets
different strategies can be adequate

3]
= Save Flexibilize Use as an indicator
- I I I
> .
S Replace aggregate/ Control time, amount :
Q : . Start maintenance
£ machine to consume and/or price of :
o . and repair
o less energ consumption
Visualization: Planning: ERP
Software Ei Enterprise Resource Planning
1
1
Communicate: Control: MES !
Data logger - Manufacturing Execution System Ei
| I | |
pec  EIHE [ -
Sense: % )\ﬁ T : T L :
Measurement Equipment Field level: ESensor E I é Actor
S g o Sample testing Continuous monitoring
= o &

(mobile equipment) (stationary equipment)
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- Analysis of energy consumption

Aim:

« Analyze the energy
consumption of production
facilities depending on

« their state,
« their current job

« Implementation of energy as
a resource that is monitored
and planned

Approach
Development of a
standardized method for
consumption
measurements

« Automated tool to correlate
energy and operating data

N FOME@ —

e Anteile M Lastgang
E'T—.. Planung Carpet

Frmevinie /- @ S

@ Anteile der Maschinen an der Leistungsaufnahme

Mezching SCHORSCH

haschine SEPPL
EXEUY hasching SIEGFR\ED

htazchine STEF.

) KRONES

@ Leistung in % je Produktionszustand

Zaliner a50% Besrbesten
Russben
Soeng
- Semne il

45,90%

WO
:_‘\‘\\\“""a

o)
@ Zeit in % je Produktionszustand

13,70%

[ﬁl

Energieverbrauch zu HNZ

8] i Energiebedarf pro Stiick

Produkt HONUMY | 1 0707
Produkt 5TYLES 7996 Wh
Produkt TABLES [ e T1E
Produkt TRAPOR 509,11
Frodukt THEWES | << ©
Produkt 0vERALL [ 206.1 Wi
andere [J71.9 0h

- 1] 500 1.000
8] 0 Zeithedarf pro Stiick (hamzs)
Product NONURT [ v3:0a 42

Produkt TABLES 03:03:30

Produkt STYLES 01:32:54

procukt THEWES [N 003722
Frodukt ACCUSEM [ 00:30:24
Frodukt OWERALL [Qlo0:21:01

andere -IJD:43:19
&

Automated tool to analyze and visualize enerqgy data
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Implementation of energy as a resource that is monitored and
planned

- Integration of energy management into production systems

Aim:
 Integration of energy-based process control Production planning & ]

Central
components

into production planning and control Energy management
« Real-time measurement of energy data [ Visualization ]
« Access to energy data for central planning
systems A \ e I
N\
Data processing
(Data bases) "
Approach: /85
« Off-line analysis of energy consumers N £ §
Energy data acquisition
« Installation of sensors in key energy (SCADA)
consumers on the process level = oo - o o - —m - = S == == - - - -

« Integration of sensors and energy
data into central management
systems (Manufacturing Execution
Systems)
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Implementation of energy as a resource that is monitored and

planned

— Integration of energy markets

Prospective energy

suppl Master data
T ] [} \ 4.__p_p_y _______________ » eERP e e e 1

Long-term orders —

Production plan
Planned consumption

Service provider

A
i Short-term orders

i —
Current status eMES Operating data
Disponent - —————— > e ——————————————— >

Manual override @ Energy data

Energy database

N AR
Commands R ? TSl n
7 1 ~
Operating data // : \\ \
. ’ S
7 ~
Consumption - v Ry Measurement

@ IE Consumption '
7 L

Process level
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Organizational measures

— Production planning and control

Long-term:
< >
Mid-term:
< > Short-term:
Energy-conscious Optimization of < >
planning of production schedule
production systems due to energy costs Load management
orod orod Performance &
roduction roduction . Energy
planning control Manufacturing consumption &

Energy costs

A S

Actual values

{Data logging
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Organizational measures

- Job scheduling
Laser Ccutter _ 4 Electricity price
100 S
Max. = 88 kW -
90 Gg.)
k. L3 A
80 - 8 1 g1 Devition of &
0 tettat® o ° 36 kW equal to . >
¢A_o s U 40 % of the Zeit [t]
5]
60 - max. load
20 T Min s kw Adaption of
S 40 job scheduling
§ 30 + NiRo
A Electricity price
20 m Stahl g
=>4
10 AAlu S
0 T T T 1 (%
0 5 10 15 20 o
Thickness [mm] Zeit [t]
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Organizational measures

——  Facilities with  —— — Supporting facilitites Production facilities —
high consumption

« High utilization ratio

» Energy cost are the Short interruptions have - Even short interruption
dominating factor no impact on productivity lead to productivity
« Productivity is secondary loss

e. g.
Flexibility is state of the art building services New approaches needed
(HVAC etc.)
Bildquelle: SGL Carbon Bildquelle: Lu-Ve, Kaeser Bildquelle: GROB

Increased difficulty for flexible use >
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- Flexibility of a shop floor

« Deliberate use of material
buffers and pauses

« Production sequence and
cycle time is unchanged

DD D
T LI _,_17

Time / min

EDIDEDD D

—Time / min

Power

Intial
program

N

Adjusted
program
power

B Producing 2 Setup Wait

- Flexibility of machines

« Adaptive control ancillary components
based on the availability of energy
« Completely automated process

Component active

Component inactive
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— Energy storages
Aim:
« Analysis of different storage technologies to
maximize the energy flexibility

« Storages are used to compensate residual
loads in energy flexible production systems

Approach
Comparative study of storage technologies

« Development of an high pressure
compressed air reservoir

« Utilization for demand response

===
F—

——

=

=\

High pressure compressed air reservoir
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The next step: Self-sufficient factory plants

Ap

- Green Factory Allgau

Aim:

Construction of a new show case factory
plant by Miller Produktions GmbH
Manufacturing of welding parts, air ducts
and bent pipes

Maximization of energy self supply

proach:

Integration of de-centralized energy supply
and storages

Innovative concept for energy-oriented ERP
and MES

Coordination of energy demand and supply
by shop floor management systems

ERP:
MES:

Enterprise Resource Planning
Manufacturing Execution System

Vernetzte Planung

A
QWN ERP und Steuerung

Prognose ,f’; MES \
-
/ Gebaudeleittechnik \
L

]
,' Photovoltaik
I
]
I

Technische
Gebaude-
ausriustung

Produktions-
anlagen

Energie-
speicher

4---» = Informationsfliisse
4—» = Energiefliisse

ERP = Enterprise Resource Planning

MES = Manufacturing Execution System
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Business case — Peak load reduction in production planning

- Situation
« High variant job shop production

AN

« Energy and demand rate contract
« Frequent load peaks without explanation

with effect on demand rate

- Goal: Peak load reduction

- Approach

« Systematic measurement of energy use, « |dentified process with high impact on
starting at transfer point overall energy consumption

« Mapping of direct and indirect production « Rescheduling of indirect, flexible
processes production processes (e.g. quality-station)

« Identification of processes with high > 12% peak load reduction
energy > Net reduction of total energy costs
utilization

Source: Wittenstein (picture)
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Business case — Demand response

- Situation
« Energy intensive industry

« Participation in Demand response

program

- Goal: Identification of energy flexibility in

the production process

- Approach - Results
« |dentification of work stations with high Examples of identified measures:
energy utilization « The process with the highest energy
utilization can be interrupted
« Definition of alternate machine states and - Shifting of load for several hours

their interdependencies
« Products can be used as energy storages
« Identification and evaluation of measures - Production can be shifted to times when

for load shifting the energy prices are low (e.g. summer)

Source: SGL Carbon GmbH
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Business case — Self-sufficiency

- Situation

« Job shop production of HYAC components

« Green field construction of new factory
plant

« Integration of de-centralized energy
supply and storages (thermal and electro-

chemical)

- Approach
2 SRlioysiheHtlistent faciarrdpent

« Integration of energy data in shop floor
mManagement systems

« Realization with IT companies
« Consulting during implementation

TN

- Results
« Complete transparency of energy supply
and demand

« Minimization of external energy supply

> Only few hours of external supply needed
(morning/evening)

Source: Mller Produktions GmbH (picture)
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Outlook

B FElectrical energy has to be used consciously for a successful energy
transition

® Due to an increase in renewable energy

sources future factory plants need to be HeiBe Energieschlucker

Energy-efficient halten Stromnetz stabil

Technik Staarssekrerar Franz Joset Pschierer besichrigr SGL-Projker
\Our.luoocsﬁmn = e d s s S $GL A
Ciraf

Energy-flexible
Self-sufficent

Dres Aufhvcicen der Oben
Kann DAY versceDe werden

B Systematic study of an energy-flexible
factory plant in the scope of the project

FORE nergy Lechwerke (LEW)
B4Bschwaben.de vom 23.09.2014 r] ~
Selta: Onling 23.00.2014, 06:06 Unr Nummer. : ) _"-‘J-t-ﬂdd‘lﬁi

www.forenergy.de

a8
- —ETTT rEHPCRERTewS [ 3

Weblink: hitp: v b  deinachrichier srg_artied,-FOREnergy-LEW-gbi-BGL-Group-
Sirsm-aur-AbroT-_and, TA0ZIOCREm
‘ o E n e rg FOREnergy: LEW gibt SGL Group Strom auf Abruf
e LEW ermiglicht der SGL Group am Strommn nge aul Abeal wieder erfolgreichen Ll

A steam der Lechwerke, Pschierer: Fundamentale Verdnderungen
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Academic partners
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If you have any further questions...
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Beim Glaspalast5 | 86153 Augsburg
Telefon +49 821 56883-91 | Fax -50
fabian.keller@iwu.fraunhofer.de
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