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Research activities (with selected CIRP papers)

Scientific publications concerning machine tools and energy efficiency

https://apps.webofknowledge.com/ Search results for „energy-efficiency AND machine-tool“



© Leibniz Universität Hannover, IFW, Prof. Dr.-Ing. Berend Denkena

Seite 4 | UTIS 2025 | Prof. Dr.-Ing. Berend Denkena

A. Shokrani, P.J. Arrazola, D. Biermann, P. Mativenga, I.S. Jawahir: Sustainable machining: Recent technological advances, CIRP Annals, Volume 73, Issue 2, 2024, Pages 483-508.

Inputs and outputs of a machining system

CIRP Keynote 2024:

Sustainable Machining

By Shokrani et al.
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B .Denkena, E. Abele, C. Brecher, M.-A. Dittrich, S. Kara, M. Mori: Energy efficient machine tools, CIRP Annals, Volume 69, Issue 2, 2020, Pages 646-667.

Denkena B (2013) Abschlussbericht zum BMBF-Verbundprojekt NCplus: Prozess- und wertschöpfungsorientiert gesteuerte Werkzeugmaschine. Report, Leibniz University Hannover.

Energy efficiency evaluation for an industrial application scenario
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Digital Twin to document energy consumption and carbon footprint

Current project with DMG 

MORI, SIEMENS and other 

partners:

Metamodel according to 

Industrial Digital Twin 

Association: Specification 

of the Asset Administration 

Shell, IEC 63278-1:2023

IDTA – Industrial Digital Twin Association e. V. (Hrsg.) (2025): Specification of the Asset Administration Shell Part 1: Metamodel. IDTA, Frankfurt a. M.

B. Denkena: Interoperable Energiedatenbereitstellung mittels Verwaltungsschale. Zeitschrift für wirtschaftlichen Fabrikbetrieb, Volume 120, Issue 7–8, 2025, Pages 496–500.
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21 %
Miscellaneous

2%
Mist extractor

3%
Chip conveyor

6%
Control cabinet
cooler 

7%
24-V supply 18%

Drives

21%
Machine cooler

22%
Coolant supply

82.2 g CO2

230 Wh
Asset Administration Shell

─ Standardized digital representation

─ Semantic data integration

─ Interoperable data exchange

IDTA – Industrial Digital Twin Association e. V. (Hrsg.) (2025): Specification of the Asset Administration Shell Part 1: Metamodel. IDTA, Frankfurt a. M.

B. Denkena: Interoperable Energiedatenbereitstellung mittels Verwaltungsschale. Zeitschrift für wirtschaftlichen Fabrikbetrieb, Volume 120, Issue 7–8, 2025, Pages 496–500.

Energy measurement is base of optimization
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B .Denkena, E. Abele, C. Brecher, M.-A. Dittrich, S. Kara, M. Mori: Energy efficient machine tools, CIRP Annals, Volume 69, Issue 2, 2020, Pages 646-667.

Deutsches Institut für Normung (2009) DIN EN 12417: Werkzeugmaschinen – Sicherheit – Bearbeitungszentren. Industrial norm, Beuth, Berlin.

C. Eisele: (2014) Simulationsgestützte Optimierung des elektrischen Energiebedarfs spanender Werkzeugmaschinen. PhD-Thesis, Technical University of Darmstadt.

Implications for support units (with possible energy savings)



© Leibniz Universität Hannover, IFW, Prof. Dr.-Ing. Berend Denkena

Seite 9 | UTIS 2025 | Prof. Dr.-Ing. Berend Denkena

In-process or pre-process adaptation to adapt machining system
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Vision of circularity in machining with closed-loops

A. Shokrani, P.J. Arrazola, D. Biermann, P. Mativenga, I.S. Jawahir: Sustainable machining: Recent technological advances, 

CIRP Annals, Volume 73, Issue 2, 2024, Pages 483-508. 

− Circularity is a main goal

− But sustainability can also be promoted by

improving subsystems
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Outline of presentation
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Outline of presentation
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How much cutting fluid is actually required?

Savings potential for practical use cases?

Technological risks of reduced flow rates?

Savings potential of cutting fluid supply (internal)ö

L. Hülsemeyer,.: Energy efficiency of cutting machine tools and demand-oriented operation using the example of internal cooling lubricant supply. PhD Thesis, Leibniz University Hannover, 2016.

B .Denkena, E. Abele, C. Brecher, M.-A. Dittrich, S. Kara, M. Mori: Energy efficient machine tools, CIRP Annals, Volume 69, Issue 2, 2020, Pages 646-667.

Control of the cutting fluid supply parameters

− High-pressure pump with frequency inverter

− Characteristic system diagram depends on 

machine tool configuration (e.g. cutting tool)

− Large potential to reduce power demand with

minor variations of the supply parameters

ሶV
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Control signals

Sensor signals

7.5 kW motor with 80 bar 

screw pump and frequency

inverterM

Filter unit

Flow control 

valve

Band filter

ifm pressure sensor

Machine tool 

(DMU 65 H monoBLOCK)

Control system

ifm flow sensor

0 - 15 l/min 

ifm flow sensor

1 - 50 l/min 

ifm temp. sensor 

Relief valve
Profinet

Tank

Cutting fluid supply system for flow control

– Sensors for flow measurement in the main line and in bypass

– Flow control by pump speed adjustment

B. Denkena, M. Mori, M.-A. Dittrich, N. Klages, J. Matthies: Energy efficient supply of cutting fluids in machining by utilizing flow rate control. CIRP Annals, Volume 72, Issue 1, 2023, Pages 349–352
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Coolant flow control in drilling and milling
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B. Denkena, M. Mori, M.-A. Dittrich, N. Klages, J. Matthies: Energy efficient supply of cutting fluids in machining by utilizing flow rate control. CIRP Annals, Volume 72, Issue 1, 2023, Pages 349–352
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Request

Challenges

+ high pressure pump 120 bar – 150 bar

+ Special cooling lubricant due to high pressure

and cutting force necessary = higher cost 

+ Material: Steel 1.4418 (X4CrNIMo16-5-1) and

Steel 1.6580 (30CrNiMo8)

+ Vertical drilling

+ Process stability and avoid tool breakage 

+ Using standard cooling lubricant for pressure with 80 bar

+ Reduce high tool wear

Botek Gun Drill Ø3/ 50xØ:  

Steel 1.6580: vc = 60 m/min,  f = 0.01 mm

Steel 1.4418: vc = 40 m/min , f = 0.01 mm

Gun drilling with adaptive coolant flow (ACF)

Source: DMG MORI Pfronten, Rolf Kettemer
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Process 

− 80 bar stable process at 2.8 kW

Flow bypass

− 2.8 l/min → 3.4 l/min

Flow tool

− 2.47 l/min → 1.95 l/min

Source: DMG MORI Pfronten, Rolf Kettemer

Gun drilling without adaptive coolant flow (ACF)
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Gun drilling with ACF

gunDRILL Process

+ Feed hold after exceeding the setting 
tolerance (e.g. 5%) of flow

+ Automatic adjustment of flow
+ 10% to idle setpoint
(1.4 l/min → 1.6 l/min)

Advantages

+ process stability

+ avoid tool breakage

+ low programming effort

Summary Customer Test

➢ Vertical drilling

➢ Using standard cooling lubricant

➢ 80 bar coolant unit sufficient

➢ Reduce high tool wear ( from 4-6 holes 
with one driller up to 10)

→Automatic adjustment of flow setpoint + 10% to idle 

setpoint 1.4 l/min

→Automatic feed hold due flow tolerance 5%

Source: DMG MORI Pfronten, Rolf Kettemer
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Source: DMG MORI Pfronten, Rolf Kettemer
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Basic research: High-speed microcinematography with CF-supply

B. Denkena, B. Bergmann, J. Schenzel.: Modeling of friction in the presence of cooling lubricants. Procedia CIRP, Volume 133, 2025, Pages 43-48. 
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Idea: Oxygen-free machining (XHV-adequate atmosphere)

B. Bergmann, F. Schaper: Study of the effect of oxygen level on tool wear in machining Ti-6Al-4V. CIRP Annals, Volume 73, Issue 1, 2024, Pages 41-44. 



© Leibniz Universität Hannover, IFW, Prof. Dr.-Ing. Berend Denkena

Seite 22 | UTIS 2025 | Prof. Dr.-Ing. Berend Denkena

Methodology – XHV-adequate atmosphere

B. Denkena, B. Bergmann, F. Schaper.: Investigation of chip formation of Ti-6Al-4V in oxygen-free atmosphere. International Journal of Advanced Manufacturing Technology, Volume 124, 2023, Pages 3601-3613. 
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Tool wear during titanium turning

B. Bergmann, F. Schaper: Study of the effect of oxygen level on tool wear in machining Ti-6Al-4V. CIRP Annals, Volume 73, Issue 1, 2024, Pages 41-44. 
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Tool wear during titanium turning

B. Bergmann, F. Schaper: Study of the effect of oxygen level on tool wear in machining Ti-6Al-4V. CIRP Annals, Volume 73, Issue 1, 2024, Pages 41-44. 
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Influence of the atmosphere on residual stresses in workpiece subsurface
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Transfer to other cutting tool materials and workpiece materials
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Tool wear during turning of AISI 1045
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Outline of presentation
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Outline of presentation
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Titanium chip contamination in aircraft manufacturing (milling)

B. Denkena, M.-A. Dittrich, S. Jacob: Energy efficiency in machining of aircraft components. Procedia CIRP, Volume 48, 2016, Pages 479-482.
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Titanium chip contamination in aircraft manufacturing (milling)

Recycling 

rate

O2 - 85 % 85 % 78 % 93 %

C - 34 % 65 % 100 % 100 %

Energy savings up to 81 %

B. Denkena, M.-A. Dittrich, S. Jacob: Energy efficiency in machining of aircraft components. Procedia CIRP, Volume 48, 2016, Pages 479-482.
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• Energy-intensive 

melting and remelting

necessary

• No energy savings

compared to primary

material

Return I Route

Kt/102601 © IFW

Conventional and new approach for titanium chips recycling

B. Denkena, M.-A. Dittrich, S. Jacob: Energy efficiency in machining of aircraft components. Procedia CIRP, Volume 48, 2016, Pages 479-482.
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• 70 % less energy

consumption in powder

production

• Use in additve

manufacturing

Return II Route

Chips

Additive

manufacturing

Compacting

Atomization

Milling

Waste

Powder Electrode

Kt/102601 © IFW

Conventional and new approach for titanium chips recycling

B. Denkena, M.-A. Dittrich, V. Suntharakumaran, S. Kettelmann: Recycling of Ti-6Al-4V chips for closed-loop manufacturing. CIRP Annals, Volume 73, Issue 1, 2024, Pages 73-76.
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Maintaining Grade 5 standards along the process route

B. Denkena, M.-A. Dittrich, V. Suntharakumaran, S. Kettelmann: Recycling of Ti-6Al-4V chips for closed-loop manufacturing. CIRP Annals, Volume 73, Issue 1, 2024, Pages 73-76.
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Energy consumption in titanium production based on chip recycling

B. Denkena, M.-A. Dittrich, V. Suntharakumaran, S. Kettelmann: Recycling of Ti-6Al-4V chips for closed-loop manufacturing. CIRP Annals, Volume 73, Issue 1, 2024, Pages 73-76.
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Recycling of the chips – Oxygen content of chips in turning
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Outline of presentation
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Approach for regrinding of used tools

B. Denkena, M.-A. Dittrich, Y. Liu: A new process chain for recycling of cemented carbide milling tools. Prod. Eng. Res. Devel., Volume 12, 2018, Pages 547–553. 

M. Wichmann, B. Denkena, M.-A. Dittrich, S. Friebe: Ressourceneffizientes Umschleifen verschlissener VHM-Werkzeuge. WT WerkstattsTechnik, Volume 111, Issue 6, 2021, Pages 430-434.
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Method for regrinding of used tools

B. Denkena, M.-A. Dittrich, Y. Liu: A new process chain for recycling of cemented carbide milling tools. Prod. Eng. Res. Devel., Volume 12, 2018, Pages 547–553. 

M. Wichmann, B. Denkena, M.-A. Dittrich, S. Friebe: Ressourceneffizientes Umschleifen verschlissener VHM-Werkzeuge. WT WerkstattsTechnik, Volume 111, Issue 6, 2021, Pages 430-434.
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Tool properties and energy input

-9
1
 %

B. Denkena, M.-A. Dittrich, S. Friebe, Y. Liu: Regenerative grinding of worn milling tools. CIRP Winter Meeting, February 20th 2020, Paris.

Reground New tool
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Outline of presentation
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Housing
Bearing Toolholder

Workpiece

Spindle 

shaft

Grinding wheel

vf

nT

Notch

Semiconductor 

strain gauge

Spindle shaft

nw

Concept of measuring workpiece spindle in tool grinding machine

H. Buhl: Kraftsensitive Spindel zur Formfehlerkompensation beim Schleifen lang auskragender Schaftwerkzeuge. PhD Thesis, Leibniz University Hannover, 2025.

Force-sensitive spindle for form error compensation when grinding long cantilevered cylindrical tools

Project with:
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Adapted grinding path

Shape error compensation using measuring workpiece spindle

H. Buhl: Kraftsensitive Spindel zur Formfehlerkompensation beim Schleifen lang auskragender Schaftwerkzeuge. PhD Thesis, Leibniz University Hannover, 2025.

Force-sensitive spindle for form error compensation when grinding long cantilevered cylindrical tools

Project with:
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Uncompensated

Shape error compensation for twist drills (example: core radius)

H. Buhl: Kraftsensitive Spindel zur Formfehlerkompensation beim Schleifen lang auskragender Schaftwerkzeuge. PhD Thesis, Leibniz University Hannover, 2025.

Force-sensitive spindle for form error compensation when grinding long cantilevered cylindrical tools
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Compensated

Shape error compensation for twist drills (first tool is good tool, less scap)

H. Buhl: Kraftsensitive Spindel zur Formfehlerkompensation beim Schleifen lang auskragender Schaftwerkzeuge. PhD Thesis, Leibniz University Hannover, 2025.

Force-sensitive spindle for form error compensation when grinding long cantilevered cylindrical tools
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Summary
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Outlook

A. Shokrani, P.J. Arrazola, D. Biermann, P. Mativenga, I.S. Jawahir: Sustainable machining: Recent technological advances, CIRP Annals, Volume 73, Issue 2, 2024, Pages 483-508.

Many more possibilities to improve

sustainability in machining:

• Machine tools

• Manufacturing processes

• Cutting tools

• Chips

• Cutting fluids

• Also process chains

Let us all work together to

innovate machining processes

and make them more sustainable.
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Thanks for your attention!


