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CoPro: Planning and scheduling of make and
pack processes

Project:
Improved energy and resource efficiency by better coordination of production in the process

industries
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The goal of the CoPro project was to develop and to demonstrate methods and tools for process
monitoring and optimal dynamic planning, scheduling and control of plants, industrial sites and
clusters under dynamic market conditions, to provide decision support to operators and managers
and to progress to automated closed-loop solutions to achieve an optimally energy and resource
efficient production.

CoPro brought together 17 partners from 8 EU countries, including 5 industrial end users and 6
technology providing SMEs. The project developed solutions for the plant-wide optimisation of
large plants, for balancing production and consumption in industrial parks for industrial
symbiosis, and addressed power plant scheduling and demand-side response. It further
developed online data analytics for anomaly detection, and decision support for plant operators
and managers. The solutions can be integrated into the IT infrastructure of the plants via an
integration platform that supports the connection to different IT systems. CoPro developed
model libraries



for the efficient development of advanced optimisation-based solutions and techniques and
software for hybrid modelling and model management.

The developments of CoPro were motivated by and applied to challenging use cases from
different sectors of the process industries:

¢ (Petro-)chemical production;

¢ Cellulose fiber production;

¢ Production, formulation and packaging of consumer goods;
e Sterilisation and packaging of food.

CoPro demonstrated that significant savings of energy and resources are possible by using
advanced technologies for monitoring, decision support, optimisation, and planning and scheduling.
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Summary:
The Problem

¢ Scheduling optimisation for companies from the consumer goods industries, such as P&G, is
a challenging task due to the continuously increasing demand, tight operating constraints and
the large variety of similar products.

e Efficient models are missing to derive nearly optimal solutions that minimise the changeover
times, which causes production down times and an unnecessary use of resources.



The Solution

e Optimisation-based solutions were developed for the scheduling problem of the current plant
layout at P&G, in a collaboration between CERTH and P&G. A significant reduction in the
total changeover time was achieved.

¢ Scheduling of a flexible plant layout was studied in a cooperation of TUDO and P&G. In this
layout, the production and packing stages are decoupled, enabling a higher utilisation of the
different lines but making the scheduling problem even more complex.
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https://www.aspire2050.eu/topic-call-shortname/plant-wide-monitoring-spire02-2016
https://www.aspire2050.eu/type-outcome-result/case-study
https://www.aspire2050.eu/type-outcome-result/other
https://www.aspire2050.eu/type-outcome-result/software
https://www.aspire2050.eu/type-outcome-result/poster
https://www.spire2030.eu/sites/default/files/users/user533/copro_2-pager_no06.pdf
https://www.spire2030.eu/sites/default/files/users/user533/copro_2-pager_no06.pdf
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plant. The generated schedules (see Fig. 1), were  The optimised production sch
positively evaluated by the plant operators and for the modified layout serve t
increase pmdu Etivit? als igq ifi l:;:t reguctiun of the total changeover Firs:l. the e_ng'lni-eur: w:m :t:lilacidw
i & time is achieved. configuration of the plant layo
h]' ﬂ'Eﬂ_l'E asing pro duction with a tool to investigate d if"ﬁfllen
downtime For the flexible layout, a decomposition approach  with respect to the benefits th
In the production facility of P&G that is con- is consisting of two complementary elements in particular the attainable thr
sidered here, mare than 300 different final was used. One element deals with the optimal Second, when the layout has b
products have to be scheduled weekly on utilization of the buffer and the formulation lines,  the scheduling algorithm prov
anumber of parallel production lines. The while the other takes decisions on the allocation  schedules to the operators to
production process consisis of the formulation of the final products. planning decisions.

and the packing stage and product-dependent The latter element generates a near-optimal
changeovers take place in both stages. According  packing stage schedule which is optimised for The summary

to the current plant layout, the stage with the load balancing and minimum changeovers. As

lower rate constitutes a varying I:Inttlen.leck aof itis Eﬂmput_atmnall\«' prohibitive to compqte Automated workflo

the process. Frequent re-scheduling actions take  such a packing stage schedule over long time ianifi ti

place due to demand variations. horizons of several days at once, the problem is signiticant improvel
decomposed in time into multiple sub-problems  The developed scheduling soll

The current layaut significantly reduces the by iteratively shifting the time horizon forward trate that and optimised schec

plant Mlexibility since it needs to synchronise the  and fixing the previous decisions. yield significant benefits for th

production rates of the two stages withinaline.  For a known packing stage sequence, an iterative  of consumer goods. For the op
In arder to avercome these limitations, the two  procedure was developed to satisfy the technical  developed workflow provides
stages can be decoupled by using a buffer. In constraints that were related to the intermediate  decision support by delivering
such an agile layout, products can be transferred  buffer and the formulation stage, in particular schedules within short respon
from the formulation stage to any packing line, the limited size of the buffer, Inthe second step,  studies using real data illustral
and variations in the production speeds can be the exact timing of the operations is performed  reduction of the lead times of |

mitigated. such that the schedule is executable. and of the labour-intensive pri

Starting from a list of products and due dates For the decoupled layout the ¢

futi according to the demands by the customers, scheduling tool helps to explor

the tool returns optimised schedules with a space of the plant recanfigural

- rinimum of parametrisation. realistic data on the possible g

Combine and conquer The implementation is written in the Julia plant is scheduled optimally. T

Within CoPro, efficient aptimisation-based programming language, which has been optimi- the plant can be increased sigr
approaches were developed for the scheduling sed for high performance and ease of use, intermediate buffer.

problem of the current plant layout and of a
possible layout with a buffer. The approaches
rely on recent developments in continuous
process scheduling coupled with efficient
decomposition-based solution technigques for
the solution of large problem instances. For the
current layout, the packing stage is scheduled in
detail while feasibility constraints related

to the formulation stage are imposed in order [ | . i ; ; ; ; ;

to generate feasible schedules. Full satisfaction a an & P 80 100 130 140 163 1
of the underlying operational constraints is Time (h)

achieved and planned maintenance activities

are taken into account.
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