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Abstract   Reducing energy consumption is one of the actual challenges in all 
parts of industry. This can lead to a low carbon footprint for activities under con-
sideration as well as to cost effective reductions of overall energy consumptions. 
This paper shows how intelligent scheduling strategies can be used to limit energy 
consumption in production to a given range. Especially the “right” scheduling of 
energy intensive production processes can lead to a reduction of overall or peak 
energy needs and this also has some advantages regarding costs.  

Introduction 

Nearly all areas of production and logistics have presented their own „we are 
going green“ proposals. Most often green means the reduction of carbon dioxide 
mainly by lower power consumption but also reducing waste or dangerous ingre-
dients etc. can be found as goals to meet. Several actions may be taken to achieve 
these goals: 

• using new technologies e.g. in the production process may reduce ingredients, 
waste as well as energy consumption 

• using new machines may reduce energy consumption and waste 
• changing ingredients may reduce energy consumption 
• rescheduling the production process may reduce energy consumption. 

The last topic is tackled in this paper. Especially the “right” scheduling of en-
ergy intensive production processes can lead to a reduction of overall or peak en-
ergy needs and this also has some advantages regarding costs. 

The costs of energy consumption typically are based on several components 
[1]. The two most important are shown in figure 1. One is the overall consumption 
of energy during a given time period, most often this is one year. The “Arbeitspre-
is” is calculated using Euros per KiloWattHours (kWh), actually around 0,10 Eu-
ro. Another important component is the payment for peak energy demands. These 
peaks define the maximum power needed during the time period. Typically the 
peak demand and the power usage are measured every 15 minutes. Only a few 
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peaks, sometimes only one, are then used for the calculation of the peak consump-
tion costs. The peak consumption results in a “Leistungspreis” which is calculated 
using the peak demand in kW and has an actual price around 45 Euros per kW. 
E.g. if we have a company that uses 2500 Mio. kWh per year and has a peak de-
mand of 500000 kW this results in costs of 2.5 Mio. Euros for the consumption 
and 22.445 Mio. Euros for the peak. So the reduction of peaks can have enormous 
effects on the energy costs.  

 

Fig. 1. Components of the energy cost calculation [2] 

But also the energy provider can benefit from the peak demand reduction. Typ-
ically, the consumer makes a forecast and announcement of his peak energy needs. 
With this forecasts the energy provider plans its energy production. And it has to 
plan for all possible peaks even if the energy is not used. This is necessary because 
if the peaks are exceeded, the whole power provisioning is endangered. This can 
easily occur if machines are used in parallel and several of the energy peaks of the 
production processes will superimpose. Therefore most of the companies have 
some kind of emergency plan when the energy consumption approaches the upper 
bounds, e.g. the immediate shut down of machines. But this is disturbing the 
whole manufacturing process and eventually damaging the machines. This is an-
other reason for looking for a scheduling solution that can lead to a production 
schedule that avoids the power consumption peaks. 

The production of plastic parts using the injection molding process is a good 
example and will be described in the following section and used throughout the 
paper.  

This paper is part of the actual project “Scheduling4Green” and will present at 
first some of the problems and production processes in which the scheduling ac-
cording to energy consumption will lead to main advantages. This is followed by 
some ideas and approaches on how to cope with the scheduling regarding energy 
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consumption. An example from injection molding is used to illustrate the prob-
lems and approaches. 

 

The problem: efficient energy use in production 

Most of the production processes are using special equipment within the single 
steps that are performed. This equipment, typically machines or apparatus, needs 
energy on a constant basis or on a fluctuating basis. The fluctuation is generated 
by the energy consumption within the production process. Such fluctuation is 
found e.g. in most of the processes in which material has to be heated. 

 

Fig. 2. Example of an Injection Molding Machine [3] 

One example for such processes is injection molding. This technology is used 
for the production of a lot of products and parts mostly made up of plastics. Figure 
2 shows an injection molding machine in which typically the following process 
steps [3, 4] are performed: 

1. Granulated plastic is filled in the hopper and the mold closes 
2. The granulated plastic is heated to fluid polymer 
3. The fluid polymer is injected into the mold cavity 
4. The cave is pressed and the pressure on the cave is maintained for a specific 

time 
5. The part is cooled down 
6. The part is ejected from the mold. 
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Power demand is a combination of several factors, main parts are heating and 
pressure [5]. Figure 3 shows an example of two power consumption profiles of 
such a process [6]. The difference in the power consumption of the process steps 
is one of the problems we have to cope with. 

 

 
Fig. 3. Examples of Energy Profiles of Injection Molding Machines [6]  

To show the effects on the energy usage we use several scenarios that are 
adopted from a project partner from the injection molding industry 
(http://www.ostendorf-kunststoffe.com) [7]. In a first scenario we investigate a 
case with more than one but nearly identical machines. The scenario contains five 
machines that are able to produce two different products but every machine has its 
own energy demand profiles for each of the products. Table 1 shows the duration 
(in seconds) and the energy demand (in kW) for each of the process steps men-
tioned before for the first product.  

Table 1. Process Times and Energy Demand for Product A  

Phase �/ Machine M1 � M2 � M3 � M4 � M5 � 
�0.Prepare 5/0 7/0 4/0 5/0 2/0 
1.Close 1/150 1/150 2/75 1/160 1/180 
2.Heat 4/50 3/60 3/60 6/40 5/65 
3.Inject 1/150 1/165 2/130 1/150 1/180 
4.Pressure 3/120 2/130 2/150 2/130 3/100 
5.Cool 9/100 7/140 6/110 9/100 6/105 
6.Eject  2/75 2/85 3/80 4/65 3/75 
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With this information we can show the energy profiles of each of the machines 

and also can investigate the effects of energy usage if all machines are working. 
Figure 4 shows the energy profiles of the five machines for product A and figure 5 
the single profiles as well as the accumulated energy profile (Sum) if all machines 
have their peak demand at the same time.   

 
Fig. 4. Energy Profiles of Machines for Product A  

 
Fig. 5. Energy Profile with all Peaks at the same Time  

So the main challenge will be to produce a schedule that will avoid such peaks 
created by unfavorable overlays. A simple shift of the production is not sufficient 
because this does not guarantee the avoiding of parallel peaks. Additionally, this 
will extend the production and delivery times (measured by makespan), which al-
so may be an important feature. Thus the next section will describe possible ap-
proaches to avoid energy demand peaks but also tries to keep makespan as low as 
possible or to keep due dates. 
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Concept of a scheduling system regarding energy usage 

As stated in the section before the main goal of a scheduling algorithm that re-
gards the energy consumption should be to keep the energy needs in a given range 
and to avoid peaks. But also other goals are to be regarded e.g. makespan of the 
production. Therefore we developed a concept and a system that allows us to test 
the effects of different scheduling strategies to the injection molding problem [8, 
9, 10]. 

The concept consists of two main components. One component is a simulation 
model of the injection molding scenario. This is used to get an impression of the 
production process as well as to test the schedules that are result of the different 
strategies under investigation. It also offers the possibility to gather data during 
the simulated production process and then to plot some of the resulting data, e.g. 
the energy usage over time. 

 

 
Fig. 6. PlantSimulation Model of Injection Molding Scenario  

 Figure 6 gives a sketch of the model build with PlantSimulation. Each machine 
(Spritzgussmaschinex) is modelled in more detail by an own network showing the 
single production steps to be performed including the energy consumption during 
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the steps. During the simulation the energy consumption is collected and can be 
plotted after the simulation process.  

The second component of the approach is the scheduling component. It is in-
tended to allow the test of several different scheduling strategies. It consists of 
modular scheduling algorithms that can be configured by the user and calculate 
schedules that can be simulated with the simulation component. 

The different strategies that will be investigated during the project are: 

• Shifting production processes 
this only works for identical machines with identical energy profile, otherwise 
it can not be guaranteed that peaks are avoided and typically makespan is ex-
tended. 

• Use an approximation and heuristics 
this is described in the following 

• Use improvement strategies 
this is actual and further work, e.g. use simulated annealing approach to im-
prove both energy reduction as well as makespan or meeting the due dates. 

To find adequate heuristics one can look for related work in the area. There are 
only few publications regarding the topic of peak power reduction. In [11] a “lazy 
algorithm” for a two task problem in energy provision of buildings is presented 
that uses control states of the tasks two switch between these. The heuristic is 
problem specific and the approach does not allow the test of different strategies. In 
anorher project we have investigated a problem from the area of glas production  
[12]. 

The approach we use bases on the following design decisions: 

1. Use a simpler form of energy profile  
2. Find an appropriate problem representation and use general heuristics for  
    that problem in combination with problem specific heuristics. 

 
Fig. 7. Example of a Schedule with Energy Demand Information  



8  

 The first design decision leads to a representation of the energy profile with a 
rectangular function. This is feasible because the production processes are quite 
short. Therefore a schedule then looks like shown in figure 7. The bars show the 
length of the operation and the capacity (energy) needed according to the simpli-
fied profile. The example in figure 7 then shows immediately that the upper bound 
of energy usage is reached with only four orders during the first four time units. 
Additionally, we do not try to minimize energy consumption, because this can 
lead to a schedule where only one machine at a time is used. Instead we introduce 
an upper bound for energy usage that should not be extended and also allows a 
timely finishing of orders. The scheduling problem then has some similarity with a 
bin packing problem. Thus we adopt the model and heuristics from bin packing 
[13] and can formulate the problem as follows: 

Given a set of orders and machines that can perform the orders and an energy usage limit, 
find a schedule (an assignment of orders to machines) with: 
- All orders are scheduled 
- The limit of energy usage is not extended at any time (which can be compared to: the 
number of bins is minimal). 

Thus the machines are seen as the bins that can be filled with orders up to a 
given time limit. The number of machines in parallel determines the energy usage 
and therefore this number shall be as low as possible. 

Several heuristic strategies have been presented to solve the bin packing prob-
lem [13]. To find a minimum number of bins the first fit strategy is used most of-
ten. It says that the first possible bin is used that does not extend its capacity. Here 
it means that the first possible machine can be used if the start is possible and the 
energy bound is not extended. Otherwise a time shift is necessary. 

To use the bins evenly the worst case strategy has been proposed. Here the bin 
is selected that leaves the most space for other objects. This is selected in order to 
find a schedule with a minimal duration which also provides a good energy usage. 

As the strategies have been formulated for different goals they will lead to dif-
ferent results also in the injection molding case. 

 
The selected strategies are integrated with some problem specific heuristics that 

have been successfully used in scheduling. These heuristics combine a general 
problem decomposition heuristic (order based scheduling [14]) with some specific 
heuristics for the selection of the next order to be processed respectively the next 
machine to be checked. Together these lead to the following basic algorithm:  

1: init orderlist; init machinelist; init plan; 
2: while orderlist /= empty 
3:    order:- orderselection(orderlist) 
4:    machine:- machineselection(plan, order, machinelist) 
5:    plan:- updateplan(plan, machine, order) 
6:    update orderlist; update machinelist; 
7: end while  



9 

Within the algorithm several degrees of freedom are incorporated that lead to a 
huge amount of possible strategies that can be implemented. For the orderselec-
tion several rules are possible, e.g. FIFO, LIFO, shortest operation time, longest 
operation time and a combination of product and operation time. The machinese-
lection contains the overall strategy from bin packing (first fit resp. worst fit) as 
well as some rules for selecting the next machine from a given machine list, i.e. 
which machine to use next in the overall strategy. Here are rules like FIFO (by 
number), select by energy usage (lowest first) or by duration (shortest processing 
first) possible. Together this combination of basic algorithm with first fit and 
worst fit strategy and the other selection rules leads to a huge variety of algorithms 
that can be selected by the user and tested for their quality. Some results are 
shown in the next section. 

Implementation and first results 

The concept presented in the previous section was implemented using the 
PlantSimulation Software [15]. The model of the injection process has already 
been presented in figure 6. The basic algorithm together with the selection pro-
cesses have been implemented using the SimTalk language of the PlantSimulation 
framework [10]. The user can select the combination of rules and the PlantSimula-
tion system will plot some results after the simulation.  

 
The test scenario consists of five machines with different power demand func-

tions for each of the two products, two products that can be produced on either of 
the machines, four order sets for production to stock which are representative for 
different order configurations (mixed, only one product, huge amounts), the basic 
algorithm as described above with the two strategies and the selection rules. 

All combinations of resulting algorithms have been tested with all four order 
sets. Additionally, a splitting of orders has also been implemented. 

Table 2 shows some overall results for the first set of orders (22 orders for the 
two different products with different amounts of the products) with the best cases 
from the different test configurations. Within the two strategies particular combi-
nations of selection heuristic lead to better results than others. Within the first fit 
strategy the combination of “select order by product name” and “select machine 
by shortest processing time” leads in most cases to the best results. In the worst 
case strategy no rule combination outperforms the others.  
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Table 2. First results  

Case   Given Energy 
Limit  

Given Time Limit  Energy Peak Duration  

Random PlantSim - - 830 28:00.0000 
FirstFit  400 - 380 50:06.0000 
FirstFit  600 - 590  34:48.0000 
FirstFit  800 - 745  27:00.0000 
WorstFit  - 30:00.0000 640 30:00.0000 
WorstFit  - 50:00.0000 475 49:53.0000 

 
 
As expected low energy usage leads to less machines but longer times, short 

times (makespan) leads to higher energy peaks. Figure 8 shows the diagrams of 
the energy consumption during the simulation process for the 800 kW bounded so-
lution (below) compared with the randomly generated solution by PlantSimulation 
(above). It shows that the energy usage is more evenly distributed, does not extend 
the given upper bound and is even shorter than the random solution.  

 

   

 
Fig. 8. Energy Consumption of Random and Bounded Solutions 
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Conclusion and further work 

The paper presents a solution for the problem of finding schedules for a injec-
tion molding production that do not exceed a given peak energy usage and that try 
to keep the makespan of the schedules as low as possible. The approach bases on 
the approximation of the problem by a bin packing problem and the use of ade-
quate heuristics. The results show, that it is possible to schedule with given upper 
bounds of energy usage. In the first strategies implemented the fulfilment of both 
goals together is not in the focus and therefore is not as good as it might be. The 
actual work looks for some extension to improve both energy usage and makespan 
or due dates. Here we investigate iterative improvement strategies like simulated 
annealing that can be used in the search for solutions that obey multi-objectives 
[16]. Additionally, the problem scenario presented here uses a five machine model 
that has some restrictions that are not realistic, e.g. lead times are to short, all ma-
chines can produce all products. Thus the model will be extended to be more real-
istic. 
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