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Abstract. This paper presents a definition of an energy product model through 
a holistic approach of energy management that recognizes both the side of the 
energy provider and energy consumer. Therefore, it is needed to design a model 
for a “Green PPC“ that uses energy consumption as an additional planning and 
control criterion to enable a producing company to optimise and forecast its en-
ergy consumption. Furthermore, an inter-organisational information system will 
be described that allows an information exchange with the energy supplier to 
include the energy use in production planning. 
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1 Introduction 

The implementation of energy management processes and tools is growing in impor-
tance for today’s organisations. Especially within the manufacturing industries which 
are more and more reliant on the availability and efficient management of the scarce 
resource energy, the sensibility for this topic is heightened also on the decision mak-
ing level. The decisive factors for this development are the increasing costs of energy, 
aspects of sustainability and an increasingly tightened regulative environment.  

Increasing demand for energy coupled with a decreasing supply on the world  
markets results in continuously increasing prices for energy. This general develop-
ment as well as the dynamics in price setting creates uncertainty for organisations 
with respect to accurately calculated energy costs [1]. This demand for energy  
efficient production is intensified by the demand of customers for sustainable prod-
ucts. Due to this increasing demand, organisations which are successfully able to 
produce efficiently can differentiate themselves from the competition. Finally organi-
sations are forced by the developments within the regulative environment to adhere to 
higher standards of efficient production and introduce energy management programs. 
Within the regulative environment and market a shift from the individual organization 
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to carter to the problems identified above the model recognizes both the side of the 
energy provider and energy consumer. The following paragraphs review the three lev-
els of production, company and supply chain that encompasses the model (cf. Fig. 1). 

On the production level (C) the critical variables of production planning and 
control are analysed. The model to be built on this level is based on the acknowl-
edged Aachen PPC-Model [2] and extends the four reference views of the model to 
incorporate the aspects of energy efficient production planning and control. On  
the basis of the EnergyBlocks [3] concept every process will include its energy 
consumption information. This is necessary to be able to forecast the energy con-
sumption of the planned processes and identify power peaking situations. In a  
second step the remaining power-consumption peaks caused by overlapping proc-
esses have to be timed in a way that they will not overlap anymore and thus 
achieve a smoother energy consumption curve resulting in overall savings of costly  
maximum load energy [4].  

On the company level (B) the energy flows within an organization are combined 
with its information flows. The goal is the recording and assessment of all relevant 
information and energy flows from the surrounding area (Heating, Ventilation and  
Air condition, etc.) to the production level. In this context, energy is not perceived 
anymore as an overhead cost but as one that is directly linked to the single product 
and production phase and needs to be managed accordingly, as well as all other re-
sources. Finally, the data that is collected within the individual organisations can be 
aggregated on an overarching level (A) and hence provides a connection to the energy 
supply chain the organization is enclosed. 

3 Intra-company Communication Framework  

Although it can be easily argued that manufacturing companies have a strong neces-
sity to be more efficient in their usage of energy it is nonetheless at the moment quite 
complicated for any company to assess how their processes are performing in terms of 
energy efficiency. [5] underline this by establishing that until now it is not possible  
to classify manufacturing processes or machine tools into standards based on their 
energy efficiency. Considering that both operations and possible improvement meas-
ures are usually implemented at the single process level [6], the calculation of energy 
efficiency must be integrated in the bottom layer and then transferred to the upper 
levels throughout the IT-systems.  

Fig. 2 gives an overview over the necessary information flows through the differ-
ent layers of IT-Systems. The main reason to base the model in the Aachener  
PPC [2] is its vertical vision of the manufacturing companies. Consequently the pro-
posed model represents an application and extension of the Aachener PPC model, 
taking energy consumption at the moment of planning the production processes into  
consideration. 
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a huge impact on all the systems related with production processes, such as Customer 
Relations Management (CRM), Machine Execution Systems (MES) and of course the 
Enterprise Resource Planning (ERP) systems [11].  

Overall in contrast to the Aachener PPC model [2], in the model proposed within 
this paper an extra layer is added corresponding to the Smart Grid systems as the 
communications with the energy providers are not part of the products and goods 
supply chain.  

4 Communication Framework for the Energy Supply Chain 

On a very basic level energy related problems can be currently categorized within 
either the realm of forecasting or traceability of energy consumption. The issue of 
forecasting encompasses the current problem that the various energy providers face 
with respect to accurate forecasts of energy consumption of their customers. Currently 
energy providers almost solely base their forecasts on data of energy consumption 
from the previous year. Naturally this method is rather inaccurate as energy consump-
tion of business fluctuates for a variety of reasons and not all of these factors are  
stable across time. With a cloud-based service, forecasting can tremendously be im-
proved and the single organisations that are members can feed data into it in real- time 
and the energy providers can then aggregate it. Basically, cloud computing describes 
different types of services in a layer model (infrastructure, platform, software) and 
distinguishes private, public, community and hybrid clouds depending on the exclu-
siveness of the service model [12]. Because of its abilities to facilitate data exchange 
between even physically and structurally different parties the cloud computing con-
cept can play a fundamental role to solve energy related problems within the realm of 
both B2B and B2C related issues.  

4.1 The Communication Model 

The communication within the cloud is based on interconnections between the differ-
ent actors. In order to provide a good balance of energy, it is mandatory to have an 
accurate and reliable forecast. Communication plays a fundamental role in accom-
plishing this objective and must therefore be carried out with a high level of speed and 
reliability. Having a cloud system running the communications allows the Transmis-
sion System Operator (TSO) to better forecast energy consumption since each  
industry will be able to report how much energy is going to be needed in advance. 
Therefore, real-time usage and generation of the electricity will be monitored.  

The following information model (Fig. 3) contains all the interconnections of the 
main actors to provide a good balance of the electricity. Renewable generators with 
knowledge of the weather conditions for the following days can make a first 
estimation of how much electricity they can provide. Based on the maximum power 
capability, a calculation is made by the renewable generators and forwarded to the 
TSO. This information will also be accessible to industries. The same procedure is 
carried out by non-renewable power plants that do not rely on weather conditions to 
make their forecast. The industries are able to access information on forecasted en-
ergy generation through the public cloud, and, given this data, they can forecast their 
own energy requirements. 
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Fig. 3. Energy Supply Chain Information Model 

The model offers the possibility to introduce self-generation devices to the indus-
tries. The only difference between renewable generators and the industries lies in the 
information; the information is kept in a private cloud and the industries can deter-
mine whether or not to use it. Before the industry forecast is sent to the TSO, the pos-
sibility to change the forecast using storage mechanisms is offered. This model also 
offers the possibility of making an alliance between different industries in the same 
physical area.  

Once the TSO has all of the forecast consumption reports from the industries and  
the generation forecast reports, it is able to make a prediction for balancing the elec-
tricity more accurately. In order to balance the electricity load, the most important 
information is the quarter-hourly data regarding how much electricity is being con-
sumed in each industry. With these three sets of reports, the TSO can better balance 
the electrical grid and give more accurate orders to the generators. This kind of com-
munication system automatically results in a more efficient generation-consumption 
relationship. 

4.2 Balance in the Cloud 

To provide a good balance and performance of the needs and usage of the electrical 
grid, the TSO needs to use different EMS systems to perform the calculations. Most 
of this data that the different EMS systems need is pushed through the cloud. All the 
EMS systems being set-up in the cloud have many interconnections and different 
functions, but the most important interconnections and the main utilities that will be 
in use can be set up in a unique model map (Fig. 4). 

 



 Energy Efficient Production to Manage Energy Consumption and Information 15 

 

 

Fig. 4. EMS and Utilities 

Furthermore, in the Communication Model Web-posted services are also consid-
ered. In order to provide good information of the electrical network, some data should 
be posted to provide clear and transparent information about the electricity or facili-
ties. Some of these reports are mandatory by the European Union, such as Real-time 
demand, Forecasted demand or Real-time generation. These reports will also gather 
the information from the different devices used to measure or to control the demand 
and the status of the network.      

5 Conclusions and Outlook 

The approach to create an energy product model that gives an overall view on the 
intra-company and corporate information flows concerning energy efficiency is the 
first step towards an energy-efficient PPC. It enables an energy-efficient manufactur-
ing by reducing costly power peaks through on optimized PPC and a more transparent 
consumption forecast that allows operating at a more efficient operation point. The 
accumulated real-time consumption-data and the consumption-forecast that are proc-
essed through the company`s system and shared with the TSO allows a network load 
of higher accuracy. 

Further steps towards an energy-efficient production planning is the inclusion of 
energy-efficiency within existing target systems for production planning and control. 
Hence, the interdependencies between variables affecting economic efficiency and 
energy efficiency have to be analysed. Based on that it will be possible to define set-
tings of parameters (e.g. order-release, lot sizes etc.) that increase the overall energy-
efficiency of a production system while assuring a favourable degree of economic 
efficiency. These settings will be highly company-dependent and have to be defined 
for each company individually. 
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