DIPARTIMENTO DI MECCANICA

POLITECNICO ,mece
MILANO 1863

Production planning and control enhanced with
smart energy management

Dr. Nicla FRIGERIO

Dipartimento di Meccanica
Politecnico di Milano, Milan, Italy



Speaker presentation

Ph.D. FRIGERIO Nicla

Assistant Professor (2018 — current position)
Department of Mechanical Engineering
Politecnico di Milano, Milano, Italia

Contact: nicla.frigerio@polimi.it

Ph.D. in Mechanical Engineering, Politecnico di Milano, Milan, Italy

Member of Director’s Board AITEM (Associazione Italiana Tecnologie
Manifatturiere)

Member IEEE (Institute of Electrical and Electronics Eng.)

Associate Editor T-ASE (Transaction on Automation Science and Eng.)
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processes, energy efficient control strategies of resources, production
planning and control strategies, and data-driven modelling.
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Energy efficiency in manufacturing can be improved through
strategies for the effective usage of production equipment while
assuring a certain service level and productivity.

e.g., reduction of time for non-valuable tasks, reduction of supply excess,
reduction of base-load request, optimization of process parameters.
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Key aspects

 To reduce the energy impact and cost of manufacturing
systems

* To provide the user/client with an avgmented knowledge
about machine/systems environmental impact

 To exploit digitalization and data-collection

* To integrate an energy management system where energy-
related KPIs are estimated, monitored, and improved

~~

K1. On-line data-driven learning problem

K2. Decision-making with twin-models

K3. Multi-criteria optimization
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Green scheduling and peak management 10 /19

The power request of a manufacturing plant is unbalanced (facing peak
periods) and wuncertain (due to disruptive events interrupting the
activities).

Peak Shaving - scheduling activities
Load Shedding - avoid non-critical loads during peak demands

Load Shifting - schedule considering periods
""""""""" | | | where the energy price is lower or where
Variable Renewable Energy are available
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Date and time

From: Beier et al. (2018).
Examples:
Beier, J., Thiede, S., & Herrmann, C. (2018). Integrating Variable Renewable Electricity Supply into Manufacturing. Eco-Factories of the Future, 17.
C. Gahm, F. Denz, M. Dirr, and A. Tuma, “Energy-efficient scheduling in manufacturing companies: A review and research framework,”
Eur.J. Oper. Res., vol. 2, no. 3, pp. 744-757, Feb. 2016.
Frigerio, N., Matta, A., Rasella, M. Energy monitoring of manufacturing plants: a real case application (2022) Procedia CIRP (29th CIRP International Conference
on Life Cycle Eng.), Elsiever B.V., Berlin,Germany, Vol. 105, pp. 770{775.
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Energy efficient state control of resources

Goal of reducing the supply exceed to keep active resource auxiliary systems while
the machine is idle (not producing).

It involves the selection of resource/component “mode” at a given time by
using real-time information of system state (e.g., time, buffer level).

x* = argmin{Energy(x)|PR(x) > PR'%"9¢;n_ < N, 4}

/ \ S~

Limited knowledge of estimation of energy

system state consumption and
v ot T a\ production rate

constrained set of
controllable resources

n]

Energy saving

FRp F opRopbopdopl gt

g ¢
o
o

. 4 0 o4 . L . .
%2 il | Y ) 100 200 300 400 500
B ) = Number of observations n

W

Examples:
Frigerio, N., Cornaggia, C.F.A., Matta, A. An Adaptive Policy for On-Line Energy-Efficient Control of Machine Tools Under Throughput Constraint (Online

since 2020), Journal of Cleaner Production, 287, 125367.
Nicla Frigerio, Barig Tan & Andrea Matta (2023): Simultaneous control of multiple machines for energy efficiency: a simulation-based
approach, International Journal of Production Research, DOI: 10.1080/00207543.2023.2175175
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Energy efficient state control of resources
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b Scenario Policy AE AP AT
S1 ubD —55.2% —3.5% 3.7%
50 - S2 ub —53.5% —3.7% 3.9%
S3 ub —42.0% —2.8% 2.9%
S4 ub —49.1% —4.4% 4.7%
S5 ubD —54.7% —3.8% 4.0%
a0 I S6 uD —39.9% —5.9% 6.5%
57 ub —42.2% —5.4% 5.9%
S4+0.2 ub —48.9% —7.1% 7.9%
70 ] | | i i 54403 ubD —46.3% —6.9% 7.7%
0 2 4 6 8 10 12 544 0.5 ubD —48.7% —9.2% 10.5%
ATI[% S2+1 ub —53.5% —3.7% 3.9%
Overtime percentage (increase of makespan) S2+40.68 ub —48.1% —1.5% 1.6%
S2+0.52 ubD —48.6% —0.9% 0.9%
Nicla Frigerio, Baris Tan & Andrea Matta (2023): Simultaneous control of multiple S2+0.38 ub —51.6% —0.3% 0.3%

machines for energy efficiency: a simulation-based approach, International Journal

of Production Research, DOI: 10.1080/00207543.2023.2175175 * Values include load independent energy only
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Green process re-design (parameters optimization) 13/19
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Examples for machining processes:

Albertelli, P., A. Keshari, and A. Matta. 2016. “Energy Oriented Multi Cutting Parameter Optimization in Face Milling.”
Journal of Cleaner Production.

Li, C., Ly, L., Tang, Y., Zhu, Y., Li, L. A comprehensive approach to parameters optimization of energy-aware CNC milling
(2019) Journal of Intelligent Manufacturing, 30 (1), pp. 123-138.

POLITECNICO MILANO 1863




Take aways

* To extract knowledge from data and effectively use such knowledge
 To obtain and use dynamic and constantly validated digital models

* To use multi-objective and fast responsive algorithms supporting decisions

~~

 Autonomous generation and update of digital twins by the use of
monitored data and prior knowledge

* New methods to recognize system models and states such that
proper decision can be applied

« New models to integrate sustainable criteria in complex multi-
objective decision making processes

 New algorithms to solve the joint learning & optimizing problem
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Thank you for your attention

Any question or comment?

Contacts:

nicla.frigerio@polimi.it

ACKNOWLEDGEMENT: The research activities presented have been developed in
close collaboration with prof. Andrea Matta (andrea.matta@polimi.it) and Eng. Alberto
Loffredo (alberto.loffredo@polimi.it) affiliated with the Mechanical Engineering
Department in Politecnico di Milano.
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