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Fraunhofer Project Group 

Resource Efficient Mechatronic Processing Machines

FOUNDED:                           

1. Januar 2009

RAMP-UP: 
Affiliation with iwb of TUM

OUR GOAL:  
Establishment of an 

independent 

Fraunhofer-Institute for 

resource-efficient

production und processing 

as part of the 

„Augsburg Innovationspark“

Department Planning and Control

Department Resource Efficient Factories

Department Control and Systems Engineering

Department Components and Processes

Prof. Dr.-Ing. Gunther Reinhart

Head of the Project Group RMV

Chair of Industrial Management

and Assembly Technologies (iwb)

Technische Universität München



Core competencies

NETWORKED PRODUCTION
Production planning and control | Industry 4.0

RESOURCE-EFFICIENT PRODUCTS AND PROCESSES
Assessment and augmentation of resource-efficiency | Industrial biotechnology | Ecobalance

NETWORKED MODEL BUILDING  UND SIMULATION                                             
Interlinked simulation | Virtual startup operations | Benchmarking | Physics-based simulation

ADDITIVE MANUFACTURING                                          
Design for Additive | Process optimization | Customized implementation of additive technologies | Multi-material 
processes 

FLEXIBILITY IN MANUFACTURING                                    
Flexible handling systems | Energy flexibility | Load management | Flexible packaging  



Agenda

Introduction1

Challenges of the German electricity market 2

Strategies for the energy transition3

Technical implications4

Business Cases5

Outlook6



0

20

40

60

80

100

2010 2015 2020 2025 2030 2035 2040 2045 2050

Anzahl Überschusssituationen
80003F13

<= 2h <= 4h <= 8h <= 24h <= 72h

Challenges of the German electricity market 

Source: BUA, BMU & BMWi 2009, dena, sueddeutsche.de

The situation in Germany

 Nuclear phase out by 2022

 Increase of the share of renewable 
energy sources from 23 % to 80 % 
by 2050

 Expansion of wind and solar energy is 
the priority

Consequences

77%

 Energy supply grows volatile

 Distinct differences in regional 
energy production

Substitution of nuclear power plants by renewable energies

Temporary overrun in energy supply



Challenges of the German electricity market 

Source: EEX

Impact on the electricity market

 Fluctuating prices due to imbalances 
in energy supply and demand

 Frequent appearance of peaks in 
energy prices as well as negative 
prices

 Economic incentive for supply-driven 
usage of electric energy

Electricity price per MWh on 5.1.2012

77%

Availability of electric energy as a resource gains importance…



Challenges of the German electricity market 

Source: BDEW | PwC/BDI 2014

Index of electricity price (industrial)

 Significant rise in electricity prices for 
industrial consumers

Relevance for SME

77%

 Influence of energy prices on the 
development of the company

…in producing companies.

2%

25%

73%

(sehr) positiv neutral (sehr) negativpositive negativeneutral

SME: small and medium-sized enterprises
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Fluctuating pricesRise in electricity prices

Companies need to be

efficient

in their use of energy

77%

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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Strategies for the energy transition



Technical leverages in energy analysis are already located in 

the factory and production process level

Factory plant energy 

consumption

Optimization of 

process chains

Alignment of energy

and production targets

Energy production planning and control

 Implementation of energy as a resource that 

is monitored and planned

 Selection of relevant measurement points on 

the field level

Method of the Energy Value Stream

 Analysis phase: Measurement,

visualization, analysis

 Design phase: Definition of measures, 

prioritization, identification of interactions

Energy consumption of the factory

 Displays energy flows of different sources 

from gate to gate (incl. lost heat)

 Shows energy conversion for different plant 

areas
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Machine level energy consumption can be used for saving, 

flexibilization and indication of machine status

Machine energy 

saving

Machine energy 

flexibilization

Machine energy 

condition monitoring

Energy profile based condition monitoring

 Avoid machine faults and failures in advance 

by using energy as an indicator of machine 

status

Energy flexibility

 Controlling time, amount and/or price of 

consumption (peak load) by

 Organizational measures and

 Technical system optimization

Energy profile analysis

 Classification of energy profiles of different 

packaging machine types

 Identification of correlations between process 

parameters and energy use

Step



According to different energy targets

different strategies can be adequate
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Alignment of energy and production targets

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 Automated tool to analyze and visualize energy data



Implementation of energy as a resource that is monitored and 

planned

Aim:
• Integration of energy-based process control 

into production planning and control
• Real-time measurement of energy data
• Access to energy data for central planning 

systems

Approach:
• Off-line analysis of energy consumers

• Installation of sensors in key energy 
consumers on the process level

• Integration of sensors and energy 
data into central management 
systems (Manufacturing Execution 
Systems)

Integration of energy management into production systems

Energy data acquisition
(SCADA)

Data processing
(Data bases)

Production planning & 
Energy management

Visualization

C
e
n
tr

a
l

co
m

p
o

n
e
n
ts

P
ro

ce
ss

co
n
tr

o
l

P
ro

ce
ss

le
ve

l



Integration of energy markets

Implementation of energy as a resource that is monitored and 

planned

Disponent

Energie-Messung

Energy database

Prospective energy

supply

Long-term orders

Consumption

Short-term orders

Production plan

Planned consumption
Feedback

Commands

Master data

Operating data

Consumption

Operating data

Energy data

Service provider

Process level

Manual override

eERP

eMESCurrent status

Measurement



Long-term:

Production planning and control

Organizational measures

Actual values

Production 
control

Production 
planning

Manufacturing

Data logging

Performance & 
Energy 
consumption & 
Energy costs

Energy-conscious 
planning of 
production systems

Mid-term:

Short-term:
Optimization of 
production schedule 
due to energy costs Load management



Organizational measures

Job scheduling
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Organizational measures

Flexibility is state of the art

e. g.

building services

(HVAC etc.)

Increased difficulty for flexible use

Facilities with
high consumption

• Energy cost are the 
dominating factor

• Productivity is secondary

Supporting facilitites

Bildquelle: SGL Carbon

Production facilities

Short interruptions have 
no impact on productivity

• High utilization ratio
• Even short interruption 

lead to productivity 
loss

New approaches needed

Bildquelle: GROBBildquelle: Lu-Ve, Kaeser



Organizational measures

Flexibility of a shop floor Flexibility of machines

• Deliberate use of material 
buffers and pauses

• Production sequence and 
cycle time is unchanged

• Adaptive control ancillary components 
based on the availability of energy

• Completely automated process
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Technical measures

High pressure compressed air reservoir

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



The next step: Self-sufficient factory plants

Green Factory Allgäu

Aim:
• Construction of a new show case factory 

plant by Müller Produktions GmbH
• Manufacturing of welding parts, air ducts 

and bent pipes
• Maximization of energy self supply

Approach:
• 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: Enterprise Resource Planning

MES: Manufacturing Execution System
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Business case – Peak load reduction in production planning

• High variant job shop production

• Energy and demand rate contract 

• Frequent load peaks without explanation 

with effect on demand rate 

 Goal: Peak load reduction 

• Identified process with high impact on 
overall energy consumption 

• Rescheduling of indirect, flexible 
production processes (e.g. quality-station)

 12% peak load reduction 
 Net reduction of total energy costs

Approach Results

Situation

• Systematic measurement of energy use, 
starting at transfer point 

• Mapping of direct and indirect production 
processes 

• Identification of processes with high 
energy
utilization 

Source: Wittenstein (picture)



Business case – Demand response

• Energy intensive industry

• Participation in Demand response 

program

 Goal: Identification of energy flexibility in 

the production process

Examples of identified measures:
• The process with the highest energy 

utilization can be interrupted
 Shifting of load for several hours

• Products can be used as energy storages
 Production can be shifted to times when 

the energy prices are low (e.g. summer)

Approach Results

Situation

• Identification of work stations with high 
energy utilization

• Definition of alternate machine states and 
their interdependencies

• Identification and evaluation of measures 
for load shifting

Source: SGL Carbon GmbH

©SGL Carbon GmbH



Results

Business case – Self-sufficiency

• Job shop production of HVAC components

• Green field construction of new factory 

plant 

• Integration of de-centralized energy 

supply and storages (thermal and electro-

chemical)

 Goal: Self sufficient factory plant • Complete transparency of energy supply 
and demand

• Minimization of external energy supply

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

Approach

Situation

• Development of an IT concept

• Integration of energy data in shop floor 
management systems

• Realization with IT companies

• Consulting during implementation

Source: Müller Produktions GmbH (picture)
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www.forenergy.de

 Electrical energy has to be used consciously for a successful energy 
transition

Outlook

 Due to an increase in renewable energy 
sources future factory plants need to be

 Energy-efficient

 Energy-flexible

 Self-sufficent

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



Outlook

Some of our partners

Academic partners

Industrial partners



If you have any further questions…

Dipl.-Kfm. 

Fabian Keller

Projektgruppe

Ressourceneffiziente mechatronische 

Verarbeitungsmaschinen

Beim Glaspalast 5  I  86153 Augsburg

Telefon +49 821 56883-91  I  Fax -50

fabian.keller@iwu.fraunhofer.de

mailto:Fabian.keller@iwu.fraunhofer.de

