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Glossary
NAME

DEFINITION

Use case

It is defined as the ensemble of features (i.e. production structure,
production processes used, degree of process automation, inter and inner
factory logistics solutions and waste treatment solutions) of the value
chain resulting in the manufacturing of the case product. In the framework
of MEMAN, alternative scenarios aim at optimizing the manufacturing of
case products in each cluster with regard to material and energy savings.
It is defined as a sequence of manufacturing processes that leads to the
product(s) studied by each cluster.
NOTE 1
The value chain in the MEMAN project has to include, as much as
possible, the 3 main groups of processes: Casting, Machining and Surface
finishing. It may include processes not primarily related with operations on
the product such as utility processes and technical building services

Value chain
NOTE 2
The concept of value chains as decision support tools was added onto the
competitive strategies paradigm developed by Porter as early as 1979. In
Porter's value chains, Inbound Logistics, Operations, Outbound Logistics,
Marketing and Sales and Service are categorized as primary activities.
Secondary activities include Procurement, Human Resource
management, Technological Development and Infrastructure (, pp. 11–
15).

Case product

Cluster

Existing product used for the demonstration of the resource savings
potentials in one of three clusters and involving the actors of the MEMAN
project
NOTE
Case products will be studied in the MEMAN project as follows:
► control arm for the casting cluster
► aero-structural and engine parts for the machining cluster
► piston rods for the surface finishing cluster
Network of stakeholders mainly specialized (but not exclusively) in the
different main groups of processes.
In MEMAN, the following three clusters are involved:
► casting: Spanish cluster
► machining: French cluster
► surface finishing: German cluster

Production
process

All the steps necessary to manufacture a product or delivery of a service.
Source: EN 16247-3:2014
NOTE
In MEMAN, processes will be separated in several categories:
► manufacturing processes: directly involved in the product
transformation or transportation
► utilities process: linked with the production of the utilities required in
manufacturing processes (e.g. air compressor, cooling)
► technical building services : heating, cooling, hot water

Flow

Input to or output from a unit process or product system,
Source: ISO 14040:2006
NOTE
Energy, emissions, effluents, consumable, etc.
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Executive Summary
The overarching goal of MEMAN is to implement an approach that optimises resource
efficiency across three selected value chains (i.e. casting, machining and surface finishing) by
developing and validating innovative tools and business models. To achieve this task, MEMAN
aims at analysing resource saving potentials not only at company level but also by focusing on
interfaces between companies of the value chain.
The entire goal of WP 3 is to develop a decision-making toolbox dealing with environmental
and economic impacts throughout an entire value chain. Since this is a huge task, all relevant
aspects within one factory have to be identified and quantified first. Secondly, this approach
needs to be expanded to multiple factories to represent an entire value chain. At last, all
relevant information regarding the application cycle of this approach needs to be documented.
The goal of the present document is to describe the main steps that need to be followed to gain
all relevant and needed data first, to quantify all material and energy flows (D 3.1) as well as
the dynamic manufacturing system performance (D 3.2) next and finally be able to model
several single factories and an entire value chain including the interfaces between the single
factories at last (D 3.3). In addition to the aforementioned steps, D 3.4 provides
recommendations for improvement subject to the existing material and energy flows as well as
the manufacturing system and value chain performance.
Since the previous deliverables (D 3.1, D 3.2 and D 3.3) have already built the functional
foundation for the evaluation of single factories and entire value chains, it is this deliverables
objective to provide a comprehensive guideline for the application of the single factories and
value chain modules. Thus, this deliverable can be understood as a user manual also involving
methodological as well as practical hints.
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1 Background and Objectives
1.1

Context of MEMAN

MEMAN aims at improving the competitiveness of the European companies of the metal
mechanic sector by developing and validating innovative tools and business models across the
entire value chain (i.e. including casting, machining, surface finishing and recycling aspects) in
order to reduce global impacts in terms of resources use (i.e. material and energy).
In this context, the overarching goal of the MEMAN project is to implement an approach that
optimizes resource efficiency across three selected value chains (i.e. casting, machining and
surface finishing). To achieve this task, MEMAN aims at analyzing resource saving potentials
not only at company level but also on focusing on interfaces between the companies of the
value chain.
The overall approach of MEMAN is divided into three main phases:
 The first phase aims at “setting the scene”. This means to define in detail the companies
involved in each cluster (WP 1). Once the scope has then been defined, the three clusters
will be analysed in order to define and characterize every constitutive unit process (WP 2).
 The second phase consists in developing a decision-making toolbox, specifically designed
for value chain analysis (WP 3). This toolbox will be used to carry out the modelling and the
simulation of the three selected value chains (WP 4) in order to determine alternative
improvement options.
 The third phase builds on the outputs of the previous phases to define new business models
aiming at reaching a global optimum in terms of resource efficiency at value chain level (WP
7) and aims at implementing selected alternatives options in field (WP 8).

1.2

Global approach of WP 3 and positioning in the project

WP 3 aims at developing a decision-making toolbox dealing with economic and environmental
impact assessments throughout the three selected value chains. This toolbox must include:
►

an integrated modelling tool at company and value chain level (i.e. interfaces) allowing
to quantify material and energy flows at different time scales, economic flows and to
perform LCA,

►

a decision-support functionality for the optimization at company and value chain level
allowing multi-parameters analyses (energy and material consumption, environmental
impacts, costs, regulatory constraints etc.), the identification of bottlenecks and the
assessment of alternative options,

►

a database of regulatory constraints that should be taken into account for regulatory
compliance.

This decision-making toolbox will be supported by two software: AnyLogic1 and Umberto NXT2.
These software solutions will be supplemented by Excel tools (developments performed by
TUBS to link both software and provide a simulation environment) and by specific interfaces
for decision support and regulatory compliance.
The WP contains the following deliverables:
 D 3.1: Single factory simulation module with predefined sub-modules for production
processes and technical building services
 D 3.2: Module with hybrid simulation approach
 D 3.3: Value chain module
 D 3.4: Decision support module
 D 3.5: Guidelines on life cycle evaluation of factories and value chains

1
2

http://www.anylogic.com/
http://www.umberto.de/en/
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WP 3 has a central role in the MEMAN project, as it is responsible for the development of the
decision-making toolbox. In WP 4 this toolbox be used to model the value chains defined in WP
1 and WP 2 with its relevant elements and interfaces. All future system analyses and decisions
will be based on results generated by this tool, so a high degree of reliability has to be achieved.

1.3

Objectives of D 3.5

Deliverable 3.5 deals with the derivation of helpful guidelines and application cycles for the
previously developed toolbox throughout D 3.1 – 3.4 in WP 3. Thus, specific objectives of this
deliverable are the following:

1.4

►

General application cycles for factories

►

Review of scientific and topic related application cycles

►

Derivation of MEMAN specific application cycles as a profound foundation for the
formulation of guidelines

Integration of D 3.5 in WP 3

WP 3 contains manifold aspects, which all together constitute the framework of the MEMAN
decision-making toolbox. In the following, based on the requirements identified for this toolbox,
it will turn out that diverse methods will be needed for a holistic analysis of the MEMAN use
cases. For this reason, the toolbox allows for different analysis functionalities. The first
deliverable D 3.1 deals with the MEFA analysis, using methods like Life Cycle Assessment
(LCA), Life Cycle Costing (LCC) and Sankey Diagrams for visualization of the flows within a
single factory. D 3.2 then deals with the simulative assessment of the factory to evaluate
dynamic system aspects, whereas D 3.3 addresses additional quick analysis functionalities,
extending the focus from factories to value chains. D 3.4 builds on the outcomes of the analysis
options to introduce the decision-making functionalities, while finally D 3.5 derives guidelines
for using the tool for the modelling of value chains.
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2 State of Research Application Cycle/Guidelines for
Factories and Value Chains
In literature, a couple of approaches are available which present systematic procedures
towards resource and energy efficiency assessment and measures in single manufacturing
factories as well as entire value chains. Examples for single manufacturing companies can be
found in [European Commission 2014], [Gopalakrishnan, B. 2005], [Westkämper, E., 2005],
[Wohin, J. W., et al. 1989] and entire value chains in [Hartkopf, M. 2013], [Heinemann, T., et
al. 2014], [Heinemann, T. 2015]. They all differ in specific aspects (e.g. transferability, level of
detail etc.). Typically, top-down approaches are pursued, which start with a rough analysis of
existing resource, energy and production data and general resource and energy demand of
one factory. Afterwards more detailed steps are to be followed and based on estimated
resource and energy (cost) savings potential measures are prioritised and implemented. This
procedure is then often duplicated for all involved partners in an entire value chain. Due to their
mostly very similar objectives these procedures can certainly give a good orientation for a
generally proposed application cycle, e.g. for improving material efficiency [Allwood, J.M., et
al., 2015], [DEMEA, 2014] or waste heat [U.S. Department of Energy, 2008].
As an exemplary application cycle for enhancing resource and energy efficiency in a single
factory the following remarks briefly explain the application cycle proposed by [Thiede, S., et
al. 2013]. Subsequent to that, another application cycle emphasizing value chain aspects
suggested by [Heinemann, T. 2015] is briefly introduced.

2.1

General Application Cycle for a Single Factory and a Value Chain

Application cycles are usually developed for a couple of reasons which mainly comprise the
following objectives:
►

Support users to independently (without external help) and systematically identify
potentials to improve the resource and energy efficiency in their specific manufacturing
factory and/or their respective value chain(s).

►

Guide users through the goal-oriented and correct application of the proposed
approach for their specific case using different methods such as MEFA or simulation
studies.

►

Enable users to derive and evaluate different measures with the proposed approach
resulting from the employed methods such as MEFA or simulation studies.

As aforementioned the first exemplary shown application cycle has been developed to enhance
resource and energy efficiency in a single factory proposed by [Thiede, S., et al. 2013].
In general, it is a top-down procedure which starts with a general analysis of energy costs and
flows. In the next step energy consumption as a whole is broken down to single consumers
whose consumption patterns need to be measured in detail. This data serves as input for
modelling the considered system with the developed simulation approach. Since the simulation
environment itself needs to be verified prior to starting the application cycle, only the validation
for the specific case is necessary in the next step. With the validated model simulation runs can
be conducted, which allow deriving and evaluating diverse measures for energy efficiency
improvement.
As mentioned above, the application cycle aims at enabling the user in a manufacturing
company to independently conduct studies for systematic derivation and evaluation of resource
and energy efficiency measures for his specific case. The user is guided through the whole
application cycle. No specific requirements are connected to the first implementation. In the
following some selected phases and connected tools of the application cycle will be shortly
presented. Thereby it is assumed that the user has no experiences in resource and energy
efficiency studies. Besides some standard documents (e.g. energy bills) no further information
about energy demand is needed at the starting point. For reasons of simplicity and general
relevance the explanations will have a certain focus on electricity. However, as also indicated
before, all forms of resources and energy can be considered with the presented application
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cycle and its inherent tools, as illustrated in Figure 1 either in a very basic (A) or in a closed
loop (B) form.
A.)

B.)

Figure 1: General Application Cycles either in a very basic (A) or in a closed loop (B) form [Thiede, S., et
al. 2013]

The following explanations will go through the methodological framework representing the
application cycle shown in Figure 1 (B) highlighting the different approaches and tools behind
these application steps.
2.1.1

Company/Factory Macro-Analysis

The first step of the proposed application cycle is the company/factory macro-analysis. This
step considers an initial state where no detailed data is available yet. Thus, the macro-analysis
focuses on more general information based on cumulative consumption information for the
company/factory as a whole, e.g. from (energy) bills. This gives first priorities, e.g. regarding
the relevance of different energy carriers. A load profile of a company/factory (also available
from energy supplier) can also give important indication of the base load of consumption (e.g.
weekend, night) as well as the relevance of energy peaks and their influence on the energy
costs (e.g. through peak surcharges).
Figure 2 shows an exemplary matrix of different means to influence electricity costs either
through energy acquisition or energy usage which is both further subdivided into either no
influence of influence through pricing contracts or usage patterns, respectively.

Figure 2: Matrix for means to influence electricity costs [Thiede, S., 2012]
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2.1.2

Prioritization with Energy Portfolio or Pareto-Diagramme/ABC Analysis

Following the proposed application cycle from Figure 2 (B), it might become quite cumbersome
to do evaluate of single resource and energy consumer individually and separately. Thus, for
breaking down overall energy demand (in this case) into single consumer the method of the
energy portfolio is proposed. Its general structure is shown in Figure 3; more detailed
information can be found in [Thiede, S., et al. 2012]. While using available data on nominal
values and operating times, the idea is to derive distinctive classifications of consumers which
lead to different strategies and priorities for further procedure. However, the energy portfolio is
also a valuable method for continuous application through integration of updated data.
Furthermore, it facilitates the identification of specific leverages subject to the respective energy
driver, which is either time or power or in case of the section II) both (shown in the upper right
corner of Figure 3).

Figure 3: Energy portfolio as method for classifying energy consumers [Thiede, S., et al. 2013]

As an addition or even alternative form of prioritizing the different resource and energy
consumer pareto diagrams and ABC analysis can be employed. The pareto diagram describes
a sorted bar chart listing the energy or resource consumers with the highest demand of every
entity or machine in descending order along the x-axis. A solid line graph indicates the
accumulated demands along the x-axis starting from the left increasing up to 100% of the total
energy or resource demand. The line graph has steep potential growth with a usually
asymptotic convergence to the maximum permissible value of the total energy or resource
demand parallel to the x-axis. It is very important to note that the diagram is partially based on
nominal values only, since no measurements are conducted at this point yet. As indicated in
Figure 4 the entities and machines are classified according to the orientation of their demand
on the sorted x-axis. The entities with the first class A entities or machines are representing an
80% share of the total demand, often represented by approximately 20% of the entities or
machines (Pareto rule). These are regarded with a high relevance. Class B entities or machines
represent the additional 10% share of the total demand, often represented by approximately an
additional 30% of the entities or machines. These are regarded with medium relevance. The
missing 10% of the total demand is made up by class C (low relevance) entities or machines.
The relevance classification is used to prioritise the next user actions to perform first
measurements on A entities or machines first and afterwards on the most promising B entities
or machines.

Figure 4: Example for estimation of electricity consumption with pareto/ABC analysis [Posselt, G., 2015]
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2.1.3

Identification of required Measurements

Based on the previous steps, it has become clear which entities or machines needs to be
measured or which data needs to be further acquired. To achieve that selecting an appropriate
measuring strategy is a major cornerstone of the concept. Based on the priorisation of the
energy portfolio and/or the pareto/ABC analysis, Figure 5 shows an easy-to-handle decision
tree which supports to derive the most suiting type of data acquisition (permanent
measurement, single measurement, using nominal values) based on different influencing
factors. Based on this first decision, further specifications – for example regarding the sampling
rate – need to be determined.

Figure 5: Decision tree for deriving required type of data acquisition [Thiede, S., et al. 2013]

2.1.4

Modeling/Analysis of single factories

After the acquisition of all required data, the transfer into comprehensible models is a crucial
step to analyse and understand energy and resource demand behaviour. On entity or machine
level this means to allocate demand to different states of the machines, as shown in Figure 6,
or to different products being produced.
In an ideal case (e.g. mathematical) models can be derived which allow to estimate the demand
behaviour with sufficient accuracy. On a system level, the logic interdependencies of processes
and flows within the factory can be modelled which gives further insight into system energy and
resource flows and serves also as structured data backbone.
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Figure 6: Different machine states and the effect of different sampling rates on accuracy when analyzing
load profiles [Thiede, S., 2012]

As an example, energy and resource flow models based on e.g. Umberto allow the visualisation
and evaluation of all flows for a certain period of time as well as the derivation and assessment
of distinct improvement measures [IFU 2012].
Furthermore, energy oriented simulation approaches enable to consciously take into account
the dynamic interdependencies within the factory system in order to improve the resource and
energy efficiency [Thiede, S., 2012]. However, simulation approaches are not per se a remedy,
since extensive models increase the complexity of analysis and necessary computing time
significantly. Thus, it is beneficial to concentrate on most relevant machines on the one hand
and ensure a flexible simulation approach on the other hand. Regarding the first point, Figure
7 shows a decision tree that supports the selection of an appropriate level of detail for modelling
each consumer. While keeping in mind the resource and energy related relevance of each
consumer (classification in categories), different general alternatives can be distinguished.

Figure 7: Decision tree for level of detail while modelling [Thiede, S., 2012]

An individual process module is necessary if the process is important for the material flow as a
whole and integration with other consumers is not possible or feasible (e.g. consumer has to
be treated separately to analyze behavior in detail). In many cases it is favorable to combine
consumers to integrated process modules. This is possible if e.g. processes are directly
connected in the process chain (e.g. neighboring processing) or there is a supplying process
whose energy consumption is related with the operations of another process (e.g. machine
related cooling device). Practically, resource and energy demand is just added to the
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consumption of the main process in this case. A separate TBS module should be modeled if
the consumer does not have a constant demand and is responsible for supplying the system
as a whole (e.g. compressed air system). As described before it is possible to subsume less
relevant energy consumers as constant base demand of the system.
2.1.5

Modeling/Analysis of value chains

The application cycle for value chains is very much in line with the aforementioned steps for a
single factory as shown in Figure 8, skipping the involved steps of data acquisition at this stage.

Figure 8: The procedure for input and output modelling of system elements in a value chain
[Heinemann, T. 2015]

Furthermore, the explanations are exemplary described by a value chain from the aluminum
die casting industry which is quite similar to the Spanish casting cluster from the MEMAN
consortium.
As a first step, all acquired data about energy and resource demands along all observed
aluminum die casting value chain processes get translated into input/output balances for each
of the observed processes. These balances represent the characteristic relation of input and
output flows of the individual processes to produce a specific amount of output unit. However,
this relation does not yet represent the absolute quantities of the input and output flows for the
production of e.g. one ton of finished aluminum die casting products, which leaves the system
boundary to the customer. At the end of this step, the generic structural model can be
parameterized to create an individual image of every single observed value chain.
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Afterwards, an aggregation of all energy and resource flows of all processes within one process
chain (section) takes place in order to enhance the comparability of the sections. By doing so,
also an input/output balance per process chain can be created.
The subsequent calculation of average energy and resource flows per process chain then helps
to get a first impression about the quantitative composition of average aluminum die casting
value chains.
When the average energy and resource demand per process chain are known, a focus flow
per process chain gets defined. This flow represents the energy carrier (electricity or natural
gas) or resource (aluminum alloy), which characterizes the energy or resource demand of the
process chain most. Thus, this focus flow describes the major share of resource demand, which
is caused by the observed system element. For example, the natural gas demand of a shaft
melting furnace characterizes this process more than its electricity demand. Therefore, the
natural gas flow through a shaft melting furnace is selected as its focus flow.
All parameterized process chains of the respective products are then checked in order to
identify reference process chains for a generic model. A reference process chain is the process
chain out of the respective cases/products, which is closest to the calculated average demand
regarding the particularly selected focus flow. For each process chain on system level 2 of the
generic structural model, one reference process chain out of the observed cases/products
needs to be named.
The identified reference process chains are used for a parameterization of the generic model.
Thus, the structural model of each individual process chain and of its subordinate processes
gets parameterized with the input and output models of the selected reference process chain.

2.1.6

Identification of Improvement Measures based on performance indicators

The aforementioned steps of the application cycle help to acquire data, prioritize and enrich
this data with further physical, timely or relational coherences. Yet, the main objective of all
previous effort is to derive performance indicators which help to quantify decisions regarding
potential improvement measures.
This procedure is for single factories and entire value chains alike which is why both can be
summed up in the same representation. Figure 9 shows that The performance of all subordinate
system levels directly influences the performance of superior levels, which can also be
expressed as a hierarchical dependency of performance indicators. Figure 9 introduces a
sample performance indicator framework, which assigns level specific clusters of such
indicators and highlights their interdependencies exemplarily.
On the lowest level, the manufacturing process level (system level 3) the main performance
indicators can be clustered into material, time/quality and energy related criteria. Within these
clusters the process capability already has an influence on the actual material removal rate and
process cycle time, as it depicts the deviation of quality related process parameters (like cutting
depth, material removal, time shares, etc.). The material removal rate itself influences the
material efficiency of the process. The state dependent energy demand of a manufacturing
process depends on the energy demand of further sub-elements like supporting activities for
heating, cooling, etc.
On system level 2 (in-house process chains the energy and the time/quality cluster of criteria
merge into the energy related group of criteria. Here, depending on the dynamic linkage of
manifold manufacturing processes, the single state related energy demands of the value adding
processes and supporting peripheral processes cumulate into the overall dynamic energy
demand of the process chain. Depending on the kind of energy carrier, this demand has an
influence on the level of air pollution, which can be measured and evaluated on this system
level. The aforementioned criteria cluster material merges into another material related cluster
on the process chain level. This cluster gets influenced by the technical performance cluster,
as it cumulates also product quality related aspects that can lead to higher amounts of scrap
or cycle material.
On system level 1 (industrial value chains), this cluster mostly influences the overall lead time
and the total product output, which basically can be seen as logistical performance evaluation
criteria. Taking the environmental impact of industrial value chains under particular
consideration, the overall material and energy demand becomes important again. For the
evaluation of the overall material demand, not only the pure material consumption is important
to consider, but also the amount of scrap material needs to be assessed. By analysing the
material consumption and also the circular flows of scrap material (including their redundant
processing), information about the overall energy demand and the material’s embodied energy
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can also be deduced. This facilitates the calculation of product and corporate carbon footprints
as one selected indicator for the environmental impact of industrial value chains that has
already made his way into corporate decision making at manifold enterprises.

Figure 9: Exemplary clusters and hierarchical interdependencies of level specific performance indicators
[Heinemann, T. 2015]

2.1.7

Evaluation of Improvement Measures and Scenarios

As a result of the previous steps several performance indicators and improvement measures
can be formulated. However, since there are usually only limited resources, it is the objective
to identify the best improvement measures and scenarios in comparison to each other. This is
important since there will be most likely several trade-offs to be made between different
performance indicators.
Table 1 shows a list of different saving potentials regarding energy demand and global warming
potential per scenario for an aluminium die casting value chain. The quantitative saving
potential of each scenario should justify an implementation of the underlying measure in order
to reduce the environmental impact of aluminium die casting and the affected actor’s energy
costs. Nevertheless, in case not all measures can be implemented it also facilitates the decision

16

which improvement measures are to be prioritized first subject to the chosen performance
indicator or a combination of them.
Table 1: Comparison of energy and CO2eq. saving potentials [Heinemann, T. 2015]

2.1.8

Implementation of Evaluated Results

The previous steps give clear priorities for implementing improvement measures towards
energy and resource efficiency in single factories and value chains. Since typically not all
measures can be implemented at once due to constraints in terms of time, costs and technical
circumstances, a roadmap for implementation needs to be developed. Any structural changes
of the system (e.g. due to implemented measures) as well as relevant data need to be updated
in the underlying models in order to keep the continuous improvement process running on a
realistic base.
This last step can be considered an ongoing step that requires updating on all mentioned levels.
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3 MEMAN specific Application Cycle/Guidelines
In the following sections the application cycle/guideline for using the developed toolbox will be
explained. In general, this chapter summarizes the conceptual and developed methods from
the previous deliverables D 3.1 – 3.4 and explains how the different aspects and inputs are
related to each other.

3.1

Module Structure of WP3

To remind the reader of the previous deliverables and enhance the understanding of the
different module’s interdependencies with the each other, Figure 10 gives an overview about
the modules introduced so far and in which way they are linked to this deliverable.
Single Factory Module

D 3.4

D 3.1

Decision Support Module

MEFA Module

D 3.3
Value Chain
Module

Requirements
Module with
Hybrid Simulation Approach
D 3.2

D 3.5

Figure 10: Value Chain Module in the Context of WP 3

As depicted in Figure 10, this deliverable describes all relevant steps from the previous four
deliverables to provide a useful guide for the other partners within the consortium as well as for
other practitioners who are interested in following this approach.

3.2

Technical Realization of the MEMAN Toolbox

The backbone of the entire MEMAN Toolbox has been developed in the software Microsoft
Excel, since all other used methods and tools can be linked to this software. Furthermore, the
decision to use Excel for the technical realization can be justified with its





suitability and adaptivity regarding the required functionalities through integrated
software functions as well as customizable functions, e.g. use of Visual Basic for
Applications (VBA) for a more convenient data structuring and input for the user
good connectivity to the other software tools in use (Anylogic, Umberto and eventually
other specific simulation software like TriboForm, Elsyca etc.)
general openness to develop interfaces to other tools as well as ERP and MES systems
(see WP 6),
low license fees and general availability of all consortium partners.

Due to its universality Microsoft Excel is well-spread and can be run also by non IT or modelling
experts. Accordingly, the barrier for using the module will be much lower. Through the
developed interfaces to the other software environments, almost all functions can be used
through Microsoft Excel or direct links to the respective models either in Umberto or a JavaStand-Alone-Application in Java (as a result from the Anylogic modelling).
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3.3

MEMAN Application Cycle/Guideline Synthesis

Figure 11: MEMAN application cycle/guideline of Toolbox

Figure 11 shows the general application cycle/guidelines of the MEMAN Toolbox which has
been developed in WP3. In general, data acquisition is an inevitable process step to achieve
good and reliable results. Within the MEMAN project this step has already been covered in
WP2 and thus will not be discussed in any further detail in this deliverable. Therefore, it is
assumed that all required data to use the MEMAN Toolbox and derive adequate evaluation is
already given.
The core of the application cycle/guidelines of the MEMAN Toolbox comprise six consecutive
steps. These six steps are to be repeated for all involved factories of the value chain. After this
procedure has been completed for all involved factories of the value chain, it is the objective of
the MEMAN project to derive a reference scenario first within WP4 and compare subsequent
alternative re-engineering options and alternative scenarios with this reference scenario to be
able to quantify any changes. However, this two steps are part of subsequent work packages
WP4 and WP5 which is why these options are not considered to be a core part of the application
cycle/guideline of the MEMAN Toolbox since it represents a repetition of the application cycle
with merely different parameters and inputs.
The following subsections describe the individual steps of the application cycle/guideline in
more detail to provide the user with more information and insights regarding the MEMAN
Toolbox’s functionalities.
To ease the navigation between the different input request and options a structured navigation
assists users to follow all required steps of the application cycle/guideline of the toolbox which
is shown in Figure 12.
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Figure 12: Navigation of the MEMAN Toolbox

3.3.1

Step 1: Define Factory

The first step of the application cycle/guidelines of the MEMAN Toolbox deals with the definition
of the factory, starting e.g. with the first factory within the value chain. This step requires a few
information about the company itself such as:
►
►
►
►

Factory number to indicate at which position the factory is located within the value chain
The factory name to clearly identify the company/factory
Further general production related data
Further information regarding the Technical Building Services (TBS) the single factory
wants to consider. This selection is further subdivided into:
o Compressors to provide compressed air for the machines and equipment
o Boiler to generate Steam/Heat for machines
o Cooling tower to provide cooling water for the different machines and
equipment
o (Waste) Water treatment to further consider options of overcapacities and
electrical demand for pumping
o Heat storage(s) to save excess heat in form of warm/hot water and/or steam
and potential benefits from installing such units compared to installing an
additional boiler or a more intensive usage of the existing one

Each of these units can be selected and further parametrised in a separate Excel sheet which
can be opened automatically from the MEMAN Toolbox by clicking on the respective button.
Since the parametrising of such units also require quite some input, it was decided to offer this
functionality as an additional option, since not all value chain partners may have the required
data or TBS technology in use for the considered product.
Figure 13 shows an overview of the selecting options for the TBS equipment and processes
the respective single factory can or may want to include in the analysis. It is further indicated
that this step requires additional and specific information for each TBS equipment.
3.3.2

Step 2: Define Production System

After all general factory information have been specified, the user can move on to the next step
of the application cycle/guideline which deals with the individual configuration of the respective
production system. Since most users will most likely start the configuration of their production
system from scratch it is highly advised to follow the suggested order of data input. To ease the
data input structured user forms have been developed to ensure a smooth and correct data
structuring and input. Figure 14 shows the five consecutive steps that users are supposed to
follow in exactly this order. In case the user is trying to execute options, which cannot be
realized due to missing data, the tool also informs the user about that and provides hints which
steps are previously required to execute this specific step.
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Figure 13: Overview production system definition

PROCESSES
Following the overview of Figure 14 it is initially required to create all involved processes for the
considered product. Of course processes and corresponding machines can also be added later,
but at this point it is highly advised to create all relevant processes first. This can be easily done
by creating a new process by naming the process and providing a unique process ID.
MACHINES
After all relevant processes have been created, the user can move on to the second step which
is the machine definition. In this step the user can of course name the machine, provide a
unique machine ID as well as further information. Some information is production related, e.g.
regarding the batch size (which is simply “1” for one piece machines), the size of the machine
and its position in a layout (this can also be changed later), general time related machine
parameters such as ramp-up and set-up times, maintenance activities of the respective
machine if they are known as well as state based energy and resource related input parameters
for electricity, compressed air, steam/heat, cooling water and (waste) water or the treatment of
up to six different contaminants within the (waste) water.
However, the resource information is of course only required, if the user has also selected in
the first step (“Define Factory”) the respective TBS option. If this is not the case, subsequent
calculations will not be provided with the need information which basically result from the
interaction of the production machines and the TBS equipment.
The most important step however, is to assign the machine to one of the previously defined
processes. This step is crucial since some processes require e.g. two, three or even more
machines to realize the required task to stay within the required production cycle time. This,
also helps to understand why it is advised to create all involved processes first. Again, this
procedure is also highly advised when new machines are created for a couple of reasons. First
the material flow can be realistically represented without missing any machines in subsequent
steps. The user will also get an overview of all machines of the same process type and can
double check his/her data inputs.
After all processes and machines are defined, the user can move on to the third step which
deals with the definition of the product. To define this the user can click on the respective button.
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PRODUCTS
As a next step the user can specify the product flow/process order and select the relevant
machines for the respective processes. This can be done by initially choosing the first process
from the provided dropdown menu. After one process has been chosen all machines belonging
to this process are automatically displayed beneath the process step. Furthermore, two input
fields per machine are automatically displayed which require an information about the product
specific cycle and setup time for the respective machine. If only one product is defined and all
machines directly belong to the manufacturing of this product the data input is quite straight
forward.
However, when more complex situations of multi-product systems are considered it can occur
that for the respective process multiple machines are automatically displayed, whereas the
product to be defined only requires some of these machines (since e.g. the other machines are
used for other products). Such cases of multi-product scenarios have also been taken into
consideration and can be represented by the developed Toolbox. In such a case of a multiproduct setting, the user only needs to define the machine per process that should be used for
this specific product and neglect all other displayed machines.
New processes are added to the process order of the product by clicking on the button “Add
additional process”. Again, the aforementioned procedure of selecting the appropriate
machines for this specific product can be chosen and specified by adding values to the cycle
and setup times of the chosen machine(s).
This procedure is repeated until all required processes of the product have been specified and
relevant machines have been selected.
JOBS
The next step is relevant for the simulation in Anylogic and its created Java-stand-aloneapplication, since it only deals with production planning and control related aspects whereas all
previous steps are also required for all other functions of the Toolbox.
When a new job is created the user needs to give the job also a unique ID and specify the
customer’s name. In addition to that the user can select among all created products which one
should belong to this job via a dropdown menu. Furthermore, the job needs information
regarding the product quantity as well as its general starting point. The starting point of the job
can be selected via an extra calendar user form which is supposed to prevent date errors from
happening. Based on the selected day and time the Toolbox converts the difference from the
day and time the job is being created until its planned starting date into a duration in minutes.
Again, this will be used by the simulation to know when each job and its respective products
are released to the production system.
In more complex situations single factories have more than just one job of products running on
the same production system. In such situations users usually prefer to prioritize jobs. To
account for such situations, the Toolbox offers the option to prioritize the respective jobs and
with this also all its products by assigning a priority value. At last the involved number of
machines of the specific job (as defined in the respective product) are required to be specified.
LAYOUT
As a last and optional step, the user has the chance to duplicate his real world layout by
adjusting the x- and y-coordinates of each machine as well as the machine size. In addition to
that each machine can be called by double clicking on the respective machine icon to change
for example certain machine parameters via the user form. Furthermore, the layout itself can
be adjusted by assigning different values.
To account for the fact, that single factories can also have multiple production halls with different
layout shapes it is also possible to import and export different layout and therefore save different
options, of course provided that the required machine data are coherent. Figure 14 illustrates
this optional addition of the Toolbox.
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Figure 14: Adjust production layout

3.3.3

Step 3: Flow Definition

After all processes, machines, products and jobs of the production system are defined, this next
work step deals with assigning different resource, material and energy flows which are relevant
for subsequent MEFA studies.
Each defined input or output flow comprises:
►
►
►
►
►

a flow name which is assigned to this flow in all modules of the toolbox
a unit, in which the flow is usually measured (either kg, l, kWh, s or °C)
an unique Umberto Flow ID, which allows for a distinct identification of this flow in the
MEFA software Umberto
an Umberto Process ID, indicating the pre-chain for this process in the MEFA software
Umberto (e.g. the pre-process providing electricity)
a cost factor, indicating the flow costs per unit in €, which will be required for any
economical calculations like cost assessment or payoff calculations

Additional input or output flows can be introduced easily by the toolbox user by clicking the
respective buttons. The flows are automatically considered in all other toolbox elements, e.g.
they can be used as process inputs and displayed in the evaluation sheets.
3.3.4

Step 4: Process Data Input

Subsequent to assigning the different resource, material and energy flows, this step is important
to achieve a deeper process understanding. As already explained in section 3.3.2 for each
process that is involved in the product creation process a new process sheet is created. This
process sheet includes at first general such as:
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►
►
►
►
►

Process number
Process name
Machine ID belonging to this process
Machine name
Number of involved machines per process.

The general information is necessary to clearly identify the process step, since all process
sheets for all products are created automatically. Furthermore, the number of process sheets
can rise rather quickly when longer process chains or multiple products are considered. Thus,
the general information also serves as a process identifier.
The process sheet has already been developed and used in WP2 to acquire all process relevant
data from the different partners including information about:
►
►

►
►

3.3.5

General production data
Process relevant input parameters, subdivided into:
o Inputs energy
o Inputs material
o Inputs Work
Process specific data including information about process specifics such as times,
quality rates etc.
Process relevant output parameters, subdivided into:
o Outputs energy
o Outputs material
Step 5: Data Transfer to Umberto/Anylogic

After all information is provided in the aforementioned steps, the tools Umberto for material and
energy flow analysis as well as Anylogic to get further insights into production planning
scheduling aspects can be directly started from the Toolbox. After navigating to one of the two
options the user finds more explanations and steps to follow on the respective worksheets.
In case of the MEFA setup the user needs to establish a connection between both worlds, Excel
and Umberto, by copying specific values to an existing Umberto model of the respective factory.
The creation of such a MEFA model has been basically explained in D 3.1 and follows these
steps:
►
►
►
►
►

Start modelling with last process of the process chain within the factory.
Build up the general structure by adding one process after the other; processes are
stored in a process gallery which has been developed within the MEMAN project (for
a list of available processes see D 3.1).
When all processes are there, establish the connections to pre-chain, TBS and endof-life (again: step by step, recalculate the model after each step). Every factory of the
value chain needs his own TBS modules, pre-chains and end-of-life.
Establish the links to the Excel environment of the toolbox by copying and pasting all
highlighted fields of the sheet “MEFA setup” to the respective process parameters of
the Umberto model.
Calculate the model and export the results, using the option “Export LCIA Data” in
Umberto

In case of the “Anylogic Setup” the user needs to follow three consecutive steps:
1. Export Data for Anylogic:
a. Since the resulting MEMAN Toolbox with all its processes and configurations
may increase significantly in size, this option ensures that only the required
information for the Anylogic simulation are used. This is realized by
automatically transferring all required information to another Microsoft Excel
Workbook.
b. However, this step is still required to ensure a smooth execution of the
simulation, since a JAVA-stand-alone-application is generated from the
developed simulation in Anylogic, so that the MEMAN partners do not need to
purchase a licence for the software Anylogic.
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2. Start Anylogic:
a. This step helps to browse and choose the created file for the MEMAN JAVAstand-alone-application (.BAT format) and automatically opens it afterward. As
a result, the user can see the same user interface as if he ran a simulation
directly in Anylogic.
3. Import Results from Anylogic:
a. After or also in between the simulation in the JAVA-stand-alone-application is
run, the user can save several information and results of calculation of e.g.:
i. The system
ii. The machines
iii. The products
by clicking on respective buttons, which are also named in the same manner.
Subsequent to clicking the respective buttons, the results are automatically
written and saved to another external MS Excel file. However, to improve the
usability, all created results can of course either be directly seen in the JAVAstand-alone-application or also imported automatically to the MEMAN Toolbox.
3.3.6

Step 6: Evaluation

The sixth step of the MEMAN application cycle/guideline of Toolbox deals with the evaluation
of the results. For this purpose, four different options have been designed that can be executed
by the user, namely:
►
►
►
►

KPI Monitor including an individual KPI definition
Energy Value Stream
Flow Analysis
Simulation Results

All of these options are explained in more detail in the following.
INDIVIDUAL KPI DEFINITION
The evaluation options of the MEMAN Toolbox offer a variety of possibilities. First of all, the
user has the option to individually create his/her unique KPIs by selecting appropriate and
relevant indicators and execute different operations on the two indicators as illustrated in Figure
15.

Figure 15: Individual KPI definition

This option gives the user the chance to define very unique KPIs which are relevant for his
specific case. The definition can be realized by choosing two different indicators and a particular
operator specifying in which way the two indicators should be combined with each other. For
this purpose, all arithmetic operations are feasible. As a result, the user will obtain his unique
set of KPI. However, it needs to be pointed out, that of course not all KPIs might make sense,
so that it remains to be the user’s task to define adequate KPIs which make sense. For a more
detailed explanation of this function please see Deliverable D 3.4.
KPI MONITOR
Another option is to use the KPI monitor which is fed with the results from the performed Value
Stream calculations as well as the MEFA results imported from the software Umberto. Here, a
wide range of performance indicators is visualized mainly by means of bar charts to give a
quick overview about the technical, economic and environmental performance of the factory. It
is intended to answers questions such as:

25

►
►
►
►
►
►

Which processes are the bottlenecks of the process chain?
Do some resources have free capacities while others are fully utilized?
How much material is used per part produced?
How relevant are the losses caused by quality problems?
Which share of energy is used value adding and non-value adding?
How high are the production costs per part?

KPI are given both referring to single processes and the whole factory system. The monitor
automatically adapts to the number of involved processes and calculated environmental KPIs.
The selection of these KPIs is facilitated by a dropdown menu to select the environmental KPI
the user is most interested in.
ENERGY VALUE STREAM
The method Energy Value Stream Mapping is used to assess the performance of the value
chain on factory level. It is an extension of the classical Value Stream Mapping (VSM) method,
which is a well-established lean production methodology, which supports the analysis of a static
state of the value stream for one product or product family. It helps to identify improvement
potentials regarding traditional KPI such as lead time or work in progress and the results are
easy to understand even without having expert knowledge. Due to its standardized and easy
to learn notation, a Value Stream Map is an ideal basis for the identification and discussion of
wasted resources within value chains. It can help the analyser to detect processes that are not
well synchronized, e.g. by comparing cycle times of connected processes or calculation of
material stock range. Additionally, both the physical and the virtual interfaces between
processes and companies can be included in the analyses, allowing for a holistic evaluation of
a value stream.
An extended Energy Value Stream calculation and visualization is carried out automatically
after the data layer of the toolbox has been filled. Each process is represented by a separate
box, containing process specific performance indicators regarding its capacity, flexibility,
quality, resource consumption, costs and environmental impacts. Furthermore, total values are
visualized under the process boxes, allowing to quickly estimate the relevance of each process
regarding selected main evaluation categories.
FLOW ANALYSIS
The flow analysis offers the possibility to assess the factory from the flow instead of the process
perspective, which is mainly addressed in the KPI monitor and especially in the Energy Value
Stream Analysis. Hence, different charts are given here to compare the relevance of different
input and output flows regarding the occurring quantities as well as related costs and
environmental impacts. It is intended to judge about the relevance of the different flows and
derive indications, which flows need to be considered for further detail analysis and which can
be simply neglected.

Figure 16: Flow Analysis example, showing quantity of all input flows

As an example, the quantities for the input of a chemical substance might be guessed in a first
step. A first evaluation with the Flow Analysis might then show, that from the quantity and cost
perspective this flow is nearly irrelevant, while from the environmental perspective it’s highly
relevant. Depending on the focus of the company and their overall improvement strategy, they
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might decide to either stay with the roughly estimated data because to their focus on cost KPI
or decide to acquire this flow data with more detail to get more valid results.

SIMULATION RESULTS
As aforementioned in step 5 the results from the simulation can either be directly seen in the
JAVA-stand-alone-application of exported to the MEMAN Toolbox.
On system level the user will obtain e.g. the following information:
►
►
►
►
►

System utilization in [%]
Total system energy demand [kWh]
Value adding energy demand of total system [kWh]
Non-value adding energy demand of total system [kWh]
Total time for all jobs and its products in [min]

which are also supported by graphical elements in the JAVA-stand-alone-application for the
above mentioned KPIs and also in further charts such as barchart for e.g. the product specific
lead time.
On machine level the user will obtain e.g. the following information per machine:
►
►
►
►
►
►
►
►

Machine ID
Machine name
Machine utilization [%]
# of products that were produced on the machines
# of failures of the machine
Cumulated energy demand of each machine in [kWh]
Value adding part of the cumulated energy [%]
Non-value adding part of the cumulated energy [%]

In addition to that further graphical elements such as load profiles of each machine as well as
time depending stack chart can be seen in the JAVA-stand-alone-application.
On product level the user will obtain e.g. the following information for each product:
►
►
►
►
►
►
►

Job ID of the product
Lead time of product [min]
Value adding time share of lead time [%]
Non-value adding time share of lead time [%]
Total energy demand per product [kWh]
Value adding energy of the total energy per product [%]
Non-value adding energy of the total energy per product [%]

In addition to that further graphical elements such as idle times before processing on machines
etc. can be seen in bar chrts the JAVA-stand-alone-application.
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4 Conclusions
Deliverable 3.5 presents a general application cycle for enhancing energy and resource
efficiency in manufacturing which is based on previous relevant work. In that context, all
involved steps of the application cycle are exemplarily explained. In addition to that different
methodological aspects have been presented to convey practical steps for the reader as well
as subsequent user.
The general procedure is shown for a single factory as well as for selected aspects of an entire
value chain, both underlined by different examples.
Based on the common understanding a MEMAN application cycle/guidelines for the developed
Toolbox is presented. This application cycle is very much in align with the general
aforementioned procedure enriched by a few MEMAN specific aspects. In the following all
relevant aspects of this application cycle are explained by connecting all steps directly to the
developed MEMAN Toolbox. This step helps to get a better understanding of the different data
inputs and application steps that have to be done prior to achieving any results and evaluation
options.
After a thorough explanation of the MEMAN Toolbox data input. The deliverable further explains
the connection to the other employed software tools, namely Umberto as well as a JAVA-standalone-application. In that regard, some detailed aspects such as the existing of background
files are explained to enlighten potential users of the data structure behind the toolbox as well
as to stress important connections.
Subsequent to the explanations regarding the set-up to the other software tools, different
evaluation options of the MEMAN Toolbox are shown and explained to achieve a better
understanding for the use in the following work packages.
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