Proceedings in
MANUFACTURING
SyYsSTEMS

c Proceedings in Manufacturing Systems,ume 11, Issue 3, 2016, 1344 ISSN 2067-9238

MATURITY MODEL FOR EVALUATION OF RESOURCE EFFICIENC Y IN
MANUFACTURING SMEs

Steffen BUTZER!", Sebastian SCHOTZ, Katharina HAUCK 3, Rolf STEINHILPER *

Y M.Sc., Chair Manufacturing and Remanufacturing Tedbgy, University of Bayreuth, Bayreuth, Germ
2 Dipl.-Ing. (FH), Fraunhofer Project Group Process Innovafisayunhofer IPA, Bayreuth, Germe
% B.Sc., Chair Manufacturing and Remanufacturing Tietdgy, University of Bayreuth, Bayreuth, Germ
4 Prof. Dr.dng., Chair Manufacturing and Remanufacturing Telogy, University of Bayreuth, Bayreuth, Germ:

Abstract: Increasing global competitic constraints havehanged the corporate landscape in the last
years. The aim of producing goods wiewerresources not only leads to ecological advant but also
leads to economic advantages. To face this | a lot of companies in the manufacturing industrg
anxious to increase performance and to use resawetficiently. The objective of th paper is to provide
a model and a softwan®ol which nable selfassessment of manufacturing SMEs (small and m-
sized eterprises) regarding resource efficiency wrelatively low effort. The development of the nr-
ity model is made based ¢ime EFQM (European Foundation for Quality Manageth&mode as an es-
tablished basisnodel and approved development framework. Bedgesdanstruction of the model aii-
tecture, also the criteria which represent resoueféiciency are defined. At the end of the p, the
tool’s usabilty and practicability are vadated by implementing it in a manufactur SME.

Key words: maturity modelresourceefficiency, process improvememanufacturin, small and me-

dium-sized enterprist.

1. INTRODUCTION

Increasing competitive constraints h: changed the
corporate landscape in the past years [1]. Prodt
goods with fewer resources [2] promises a signitfi
competitive advantage, not onlyadogica. Furthermore,
global trends as increasing resource scaand increas-
ing prices as well as climate protection have bex
more important [3]. To face these tre, producing en-
terprises strive to maximize their internal perfarmoe
and their efficiency of resources. According totadg
conducted by the FraunhoféAO in 2010, most of th
companies askeprrofit from cost reductions and incs-
ing competitive advantagedile to increang of resource
efficiency [2]. The monetary saving potential of tre-
source materiahlone is estimated to 2000 € per year
and enterprise [4].

Watts S. Humphrey described the assessment
important topic to evaluate the own positic'lf you
don’t know where gu are, a map won't he" [5]. There-
fore, the implementation of sustainable measuresm-
prove resource efficiency nde a reflection of the degr:
of resource efficiency first. Maturity models ermlihe
evaluation of processes and corporate divisiongdui-
tion to that,maturity models offer a roadmap to integr
improvementswhich can be used by companies. 1
methodology promotes to act targeted and offers
possibility to reflect thémplemented measur:
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2. STATE OF THE SCIENTIFIC KNOWLEDGE
AND NEED FOR ACTION

In this chapterthe framework of the paper ise-
scribed and the relevatérms are defined. Furtherne,
the need for action is delineate

2.1 Production and SMEs

A lot of definitionsfor the term productioiare avail-
able in literature. Corsten subdivided the defimitinto
the following three groups [7]:

e productionas a factor combination proc;
< production as phase of the business proced;
« production as a valuereating proces

Steven described the production as a factor cca-
tion process. He defined the production as a px
whereby operational factors respectively inputscam-
bined with proceduresvhich result ii products respec-
tively outputs. [8]. Figurel illustrates a production s-
tem, based on [7, 8].

Furthermore, the manufacturing industry is assic
to the secondary industrial sector, according éotkiner
sector theory of Fighr, Clark and Fourastie [

In general, optimizing productions means facing
conflict of the targets: quality, costs and timepti@iz-
ing goal entails a negative impact to the othetg[&.
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Fig. 1. Productiorsysterrbased on [7, 8].
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Fig. 2. Resource efficiency in enterprises according tc

As SMEs (small and mediusized enterprises) a
the targeted audience of the maturity model, SMies
defined in this paragraph. According to the ad
2002/362/EG of the EU commission, SMEs have
than 250 employees and either not more than anah
sales of 50 millior€ or an annual balance sheet tota
not more than 43 million € [9])n terms of resource 6-
ciency, SMEs do not have the same knowled: bigger
enterprises [2]. This issug illustrated in Fig. .

2.2 Efficiency and resources withinproductions
According to Steventhe efficiency criteria can k
deduced from the economical principle [8] also knas
the rational principle of the economic acting. éshtwo
characteristics hich are the maximum principle and 1
minimum principle. In both caseg, is fundamentato
avoid waste [7]. In industryhe two termseffectivity and
efficiency are often mixed up. Effectivity means to
the right things whilst efficiency maa to dothe things
right [8]. According to different theme comple;, the
definition of resources is quite different. Oftdrey are
defined as natural resources as soil, biologicatrdity,
biotic natural resource, water and air [10]. Indurction,
resources r@ defined as energy and material [2]. ‘-
kamper defined resources as capital, humans, rag
energy, tools, machines, information and knowle
[11]. The definition for this paper is based on Wk of
the Fraunhofer Project Group done in 2012. lurces
are subdivided into the following five categoridZ2]:
1. energy;
2. material,
3. human;
4. machine;
5. management.

2.3 Maturity Models

Maturity models conduce to analyze and to ass<n-
terprises respectively their products, processesheir
organization,and furthermore to evaluate their deg
respectively level of maturity coneeng certain criteria
The basids a stage model which characterizes level
abilities by sequential maturity levels. By fuliilg of
defined criteria, the ackwement of a higher level .
ability, and thus a higher level of matu, is attested
[13]. A higher maturity level guarantees definettuc-
tured and standardized processes [14]. Thi, besides
the evaluation of the enterprise, maturity moddko
show a catalog of measuresachievethe next maturity

level [13]. Thus, ot only the temporary stabut also the
progress is made measurealTherefore, maturity mod-
els are a perfect metholdgy to asse: or benchmark
processes atrategic positions [1 15].

In this paragraphsome of the most common matur
models are described:

e Capability Maturity Model
» Capability Maturity Model Integratic;

« European Foundation for Quality Management II-
lence Model;

e Software Process Improvement and Capabilie-
termination Model.
Besides thedevelopmentof the models, also their
structure, there assessment systematic and thglica-
tion area(s) are described.

Capability Maturity Model . The Capability
Maturity Model (CMM) was developed by the Softw:
Engineering Institute (SEIl) between 1986 and 1'
commissioned by the US Ministry of Defe, in order to
optimize software processes [14, 16]. The matueigls
are divided into the five steps: Initial, Repeatatle-
fined, Managed and Optimized [14The model was
advanced tdhe following model, among others: Capa-
bility Maturity Model for Software (S\-CMM), Systems
Engineering Capability Model (SECM) and the e-
grated Product Development Capability Maturity Mo
(IPD-CMM). The application of the CM challenged
organizationsbecause it was necessary to use more
one maturity model to assess different departmérite
potential of improvement was limit, due to the diver-
gent architecture and approaches of the speciftania
models [17].

Capability Maturity Model Integration . The Capa-
bility Maturity Model Integration (CMMI) is also a
advancement of the CMM. The aim of the model i
optimize whole business processes. The businesc-
esses are described through four process categ
Twenty-two process areas are assic to these catego-
ries Each process area can consist of several pr
[17]. The assessment iaded on a default roadmap [:

European Foundation for Quality Managemen.
As a reaction of high performance requiremen terms
of quality, the European Foundation for Quality n-
agement (EFQM) was established in 1988 by 14o-
pean organizations. In 1993 the EFQM Excelle
Model was published. The model offers a holisip-
proach for selassessment, benchmarking, and rnal
assessment [18]. The framework consists of nirterai
Thesecriteria are subdivided into five enabler crite
and four results criteria. Enabler criteria encosg
process, structure and importance of an organizalibe
results criteria conforrthe performance and outputs. T
criteria are subdivided into 32 sub criteria to evhrefer-
ence points are attached [18,

Software Process Improvement and Capability
Determination. The British initiative to develop a c-
ess assessment model re¢ into the SPICE model
(Software Process Improvement and Capability Dei-
nation), documented in the international stand
ISO/IEC 15504 [20]. Thanodel has two dimensions.



S. Butzer et al.Proceedings in Manufacturing Systems, '11, Iss. 3, 2016 /41C 139

~

+ Application of the measures

CHECK

+ Analysis of the results
« Deduction of measures
for improvement

ACT
‘i )
\\‘- /

' * Definition of the object
to be assessed
¢ Selection of an appropriate
reference framework
Definition of the maturity
mode] structure

PLAN

DO

Conduction of the assessment

Determination of the maturity
levels

Fig. 3. Maturity model assessment baon the PDCA principle.

A process dimension, which is divided into five c-
ess categories, and a capability dimension [20thW
the process dimension, the processes are desac-

cording to their purpose and results, are thus meas-

ureable. The assessment is done by means of sibil-
ity levels and nine process attributes [20]. Tochea
higher level of maturity it is necessary to fulfite ie-
quirements respectively process attributes of theel
below entirely ad the process attributes ofe level
directly below largely.

Principle of Maturity Models. After detailing the
most common maturity models, the principle of migjL
level assessments is described. The determinafian
maturity level is done withimssessments, most often
using questionnaires or check lists, through assg
defined criteria. Result of such an assessmernteisc-
tual maturity level of the assessed organizatidi.[Zhe
process of the maturity level assessment is dooerd-
ing to the PDCA principle (plan do check act). 1
PDCA principle is based on a circuit which enalden-
tinuous improvement [22]. Figureilustrates the mar-
ity level assessment and improvement based or
PDCA principle.

The selection of the suitable assment model e-
pends on the complexity of the model, the sizehef
enterprise and the knowhow of the employees. Cd-
ing of the financial and personal abilities threatians
for assessments are available [14]:

» self-assessment;
» self-assessment with quprt by external assessc
» assessment through external asses

2.4 Need for action

Maturity models to assess organizations are
known in science as well as in industry. Unfortehat
there is a lack of knowledge when it comes to thes-
tigation ofthe degree respectively level of resourcé-
ciency. Moreover, according to Erhardt and Pastevee
huge amount of SMEs have no or only a little expe
in terms of resource efficiency [2]. It is necegséor
SMEs to have a concrete guidance whictble them to
investigate their degree of resougféiciency with minor
effort.

Therefore, scientists from the Chair for Manufir-
ing and Remanufacturing Technology at the Univeg

Scope Design Populate Test Deploy Maintain

Fig. 4. Framework of de Bruin et al. [l

of Bayreuth and the Fraunhofer Project Group forc-
ess Innovation developed a maturity model and t-
ware tool to assess the resource efficiency, esiheddr
manufacturing SMEs. The development and the re
of the work are described in this pag

3. SCIENTIFIC APPROACH

The focus of this paper is the assessment of res
efficiency. The assessment is based on a matuntjeh
instead of key figures to be able to develop astioland
systemic management struct

The main focus is thelevelopment of a maturil
model for resource efficiency especially for marmtidr-
ing SMEs. The development of the maturity mode
based on the framework of de Bruin et al. [6] whigla
structured and scientifically proved procedure.ure 4
illustrates the six step framework of de Bruin e

In a first step, the SMEpecific needs for a maturi
model were identified. In the next step a literatatudy
was done to identify a framework which could beduas
a basis for the development of the may model. In the
third step the framework for the maturity model \
developed, followed by the conduction of the caite-
ria to describe resource efficiency. The realizatid the
theoretical maturity model was done by using Miofo
Excel. The Exceldol consist of three parts respectiv
sheets, which are: a sheet for the date collecticshee
for the calculation of the degree of resource wfficy
and a sheet for the presentation of the assessamaiits.
In the last step, the software tool \ validated by using
it for the assessment of the resource efficiencya
manufacturing SME.

4. DEVELOPMENT OF THE MATURITY MODEL

In this chapter, the delopment of the maturit
model to evaluateesource efficiency is described. T
development was dae based on the approach of
Bruin et al. [6]. The approach is structuiin a six phase
framework. In a first step, the application and shecific
requirements have to be defined. In the second gte|
design phase, the architecture of the mchas to be
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developed. The results are the requirements afnitael. Table 1

The step populate comprises the description ottlie- Assessment of reference frameworks

ria and sub criteria. Furtherm_ore, it includes ahoé to VI EFQM SPICE

measure the variables. Within the step test, théeino .

needs to be evaluated regarding the requiremefiteede Yes (in
— : ' ves (very |y ISO/IEC

before. The realization and continues advancendetieo  (ESEEMELEUEUREE (o1 jie ) es

model and concept have to be done in the phaseyepl 15504)

respectively maintain [6]. Within this paper, theps

one to four are shown. Reliability

Yes Yes Yes
(proved) (proved) (proved)

4.1 Requirements on a maturity model to assess the :
Possible, no

resource efficiency of manufacturing SMEs : Possible
. . - . designed for ; . .

Before developing a maturity model it is crucial to [SEIEEESEESNENES) applica- (basics avail-Possible
define the requirements of the intended applicatitea. tion primarily 22'€)
The development of maturity models is incorporateét
clash of interests and conflicting goals [13]. Continuous im-

A maturity model which fits to the needs of manufac [V L Yes Yes Yes
turing SMEs has to combine some core criteria. i@n t
one hand it has to be simple and manageable tirse wi Derivation of meth v, ith the YeS: with
[23]. On the other hand, due to missing financis r el partly, with es, With IN€ 3 refer-

. - . ods for improve- .| RADAR-
sources, it should be feasible without externalpsup ¥ sub praCthE->LogiC ence
[23]. Furthermore the complexity of the structuhewsid model
be limited to a minimum [13, 23]. The purpose oé th
model should be a continuous process of improvement
instead of a fundamental restructuring [13]. Funtiare,
the result should be a plain and defined guidakizee- d tation-
over, the possibility of benchmarking should beegiv ocumentation,
« reliability;
[13]. L
« possibility for self-assessments;

4.2 Selection of a reference framework * continuous Improvement;

In the first step of the development, the defimitifi ¢ derivation of methods for improvement.
the scope of application was done. Therefore, ereate
framework which fits to the needs of resource @ficy Table 1 shows the results of the assessment of the
and manufacturing SMEs had to be chosen. Accoriing framework models regarding the requirements of manu
Becker at al., the development of a maturity mddeded  facturing SMEs.
on a reference framework is a common approach. The On a first view it seems to be that all of the ¢re
methods can be enhanced and be combined to a new deamework models are suitable for the usage in fzanAu
[21]. Following, the maturity models described befo turing SMEs. However, there are fundamental differ-
are compared against each other. The CMM was noénces between the models if considering the coritplex
considered, due to the fact that it is not up ttedmy-  of the models.
more and that the CMMI is the advancement of if.[21 In general, the three models can be used for self-

The advantage of the CMMI is the combination of anassessments, but that does not mean that the stoge!
incremental and a continuous variant. The contisuou ture and the documentation facilitate that optidhe
variant allows an independent consideration ofedéfit  structure of the SPICE model was developed espgcial
departments of organizations whereas the incrementgor measuring software quality. Furthermore, thages
variant allows a thoroughly comparability and givé=ar  of the SPICE model is not suitable, due to the weak
guidelines [14]. The two types of application coewpl prognostic validity [26]. The CMMI has two disadvan
ment each other and allow flexibility in the presgion  tages, the possibility of misinterpretations anel éffort
of results. In industry, the CMMI is one of the hased  needed to use the model. That brings us to thelesina
models [24]. Also the EFQM is generally valid and that it is only suitable to use the model as a tedmx-
prevalent [13]. An easy to use and clear structedtt perts [14]. According to the EFQM webpage, the EFQM
assessment which gives a first impression of thgesbf  model allows generic assessments of "sustainalzel-ex
development [25] is an advantage for the applicatib  lence" [25]. Indeed, it is necessary to have dedade-
SMEs. The advantage of the SPICE model is the possiscriptions of the internal processes and strucf2éd,
bility to analyze organizations on the process lI¢28]. nevertheless, it is possible to use the modelreetisteps
Nevertheless, besides the automotive sector, theze of complexity. At the end of the day, the firstsie on a
hardly any branch specific models [20]. Furtherm@e cause-effect-diagram.
comparison across industry sectors is hardly plesslibe To ensure transparency, a detailed descriptionlof a
to the missing process reference model and theingiss enablers and results criteria is provided [25]. ¢amad
process assessment model [20]. Considering théreequ to the SPICE model, the EFQM model has a more matur
ments for manufacturing SMEs, defined in the presio and established application model.
chapter, the three reference models (CMMI, EFQM, Based on the arguments above, the EFQM Excellence
SPICE) were assessed due to the following criteria: Model was used and adapted for this paper.
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Table 2 Table 3
Framework of the model Description of the maturity levels
Support for the measurement and the assess- [/ SE=ACIEURBE llile] i DIt e ffe]1[e]))
Purpose ment of resource efficiency within organiza- Conti Generic comprehension of
. ontinuou T
tions 5 100% | improve- resource efficiency _
ment Contlnuous_ and sustainable
1[G (o]f s Managers within manufacturing SMEs process of improvement
Achievement of measuable
u d binati f struct f Tt
sage and recombination of structures o 4 75% Managed | Targeted application of
Ricliivelue established maturity models g met%ods ofpiﬁqprove re-
source efficiency
Application Assessment and improvement of own entger- Implementation of methods
area prise 3 50% Defined | Introduction successful
Standardization recograble
VEWAee i8] Cross-sectoral; suitable to identify weak- Knowledge regarding im-
cept nesses provement of resource effir
- 2 25% Introduced| ciency
Inquiry method: self-assessment; Introduced, party imple-
ACEESSEle s Inquiry technic: questionnaires; mented
Responsibility: management NO evidence of resource
1 0% Incompleteeﬁ'c'.enCy .
Missing awareness regand
4.3 Definition of the Framework and the Maturity resource efficiency
Levels
In this section of the paper, the framework of rting-
turity model as well as the maturity levels werdirg The five defined maturity levels for the maturity
and described. model to assess resource efficiency in manufagurin

According to De Bruin et al., the first step whesxd SMESs are illustrated in Table 3.
signing a maturity model, is the definition of theplica-
tion as well as the specific requirements.

The designated core topic of this maturity model is Efficiency

resource efficiency within productions. The targetup In this section, the before described and defined

are manufacturing SMEs, which would like to use theframework of the model had to be filled. Therefatee
maturity model for self-assessments. Thereforefdbes definition of the criteria to assess resource ifficy

of the maturity model is the self-assessment abues were defined and described.

efficiency within manufacturing SMEs. L
L Based on the EFQM framework model, the criteria
The objectives for the model are, on the one hiwed, g\ hgivided into five enabler and four resutite-

identification of weaknesses, and on the other hémel . . o . .
; : . ria. These nine criteria typify respectively remmisthe
reveal of recommendations in order to increaseréhe ; i : ..
key topic resource efficiency. The five enable esid

source efficiency within the production. A summanfy were defined as: energy, material, human, machink a

the defined framework is illustrated in Table 2. t Each criteri ified th
The framework was used as basis for the followingmf"ma?gemen - =ach criterion was specitied rpu_gh su
criteria. It was crucial to use generalized crienhich

developments. _ for th lication i L
Subsequent to the definition and description of theggit(?rzpmp”ate or the application in certain sty

framework, the maturity levels for the maturity nebd i . .
were defined. The definitions are based on the dissertation of

In general two approaches are available to describ@/@Wik [23] and under consideration of [2, 12].lureinc-
maturity levels. The top-down-approach starts wita ing factors were the common approaches to assebs an

definition of the maturity levels, followed by thiescrip- ~ OPtimize resource efficiency, the seven wastagestias
tion of the necessary measures. Whereas, at thenbot potentials of industrial resource efficiency acéogdto
up-approach, the requirements are defined firipvied (23].

4.4 Definition of Criteria to Assess Resource

by the maturity levels. According to De Bruin e,  is The five enabler criteria, including their sub erig,
advisable to use the top-down-approach with limited@s well as the key figures to measure the resoeffce
experience in designing of maturity models [6]. ciency, are shown in Table 4.

The modelling of the maturity levels was done based In contrast to the enabler criteria, the resulteda
on the EFQM models, whereas, the distinction of thewere not specified regarding resource efficiencyt bu
maturity levels was done according to the EFQM thed ~ represent general corporate objectives. This ise dugt
CMMI model. cause resource efficiency aims, like other meastare,

Thus, five maturity levels (ML) were defined, which maximize generic corporate objectives such as thieem
are the basis for the maturity model, and therefere  tary value of the company. The criteria and alse th
able the description respectively classificationnednu-  evaluation were taken from the framework model
facturing SMEs in terms of resource efficiency. The EFQM. The results criteria, including their subtertia
evaluation intervals (Ev. Interval) facilitate thiistra- and criteria to measure the corporate objectivesora-
tion of the maturity levels regarding resourcecéiincy. ing to the EFQM [25] are shown in Table 5.
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Table 4

Description of the enabler criteria

ment

Machine

Sub criteria  Key figures to measure the
resource efficiency
Deviation of the planned
Quality production schedule
Clarity of the planning
Qualification | Targeted advanced education
g};ﬁ:itsgy Measures to reduce stock
Amount of unplanned operating
Plant condition
productivity | Amount of unnecessary
operating condition
I(;ce;u/(iepllm(gn: he Observance of standards
Production Effort for quality assurance
faults Waste
Employee .
proguc{ivity Idle time
Employee Ergonomics at the vyork places
protection Performance reduction due to
external circumstances
Motivation Sick absence rate
Gap between advanced
Quialification | education

Educational level

Consumption

Overall Equipment Efficiency
(OEE)
Loss of energy

Material

Source of ]
energy Rate / supplier change
Amouni Of. | Ratio input / output
raw materiais Reject rate

and supply

Quality of Rework

raw materials -

and supply Supplier performance

Results
criteria

Customer-

oriented

Employee-
oriented

Society-
oriented

Key results

Table 5

Description of the results criteria

Customer

Sub criteria

satisfaction

Criteria to measure the
corporate objectives

Customer survey

Customer

requirement

Suggestion scheme

Engagement

Bonus payment

Employee
loyalty

Employee turnover

Public image

Publicity
Advertising efforts

Financial
indicators

Financial solidity
Productivity
Operating results

Success
factors

Market position

4.5 Evaluation of the Criteria
In the last step of the development of the maturitywas the level of equipment. The reason for that thas

model, the before defined criteria had to be euablia

Company suggestion systgm

the maturity model for resource efficiency wherdias
results criteria represent the corporate objectiVésre-
fore, the weighting factor of the enabler criteiiarela-
tion to the results criteria, is defined as 3:1.n€&®
quently, the enabler criteria have an influenc&%#o to
the overall maturity level. According to the EFQM
model, the single criteria were also evaluated. The
evaluation of the enable criteria was done consigehe
evaluation of monetary potential of resources bgn@t
[23]. The evaluation of the results criteria was e a@c-
cording to the EFQM framework model. Fig. 5 shofes t
results of the evaluation of the criteria.

4. DEVELOPMENT OF A SOFTWARE TOOL TO
DETERMINE THE MATURITY LEVELS

Based on the before developed maturity model, a
software tool, which allows SMEs to profit from the
research done, was developed. The tool was dewkiape
Microsoft Excel due to the wide dissemination lewél
the software. The tool is divided into three segimen
respectively sheets. The first sheet can be usezhter
the user data, the second sheet is used for thelatdn
of the maturity level and the third sheet is usedhow
the results of the assessment. The first segmestdea
signed as a questionnaire. The user is asked quossti
regarding the criteria and sub criteria definecbbefDue
to the fact, that the data availability in manuteitg
SMEs is not the best, the questions asked weredkept
ple. Furthermore, according to the maturity leveés
fined, five potential answers were described fochea
question. The users have to decide, which ansver fi
best to their situation.

After entering the data, the evaluation resultsdise
played directly. In addition to the overall matyrlevel
of resource efficiency, also the results of théecia and
sub criteria are displayed. Besides the presentafiahe
numbers, the results are furthermore displayedhaes
diagrams, as shown in Fig. 6.

This type of presentation enables the user to cognpa
two evaluations of the own company and thus toesgvi
the improvement measures implemented.

5. VALIDATION

After the development of the tool, it was validated
a manufacturing SME. The SME chosen for the valida-
tion is a tradition-rich family owned manufacturef
precision components for the automotive industry.

In the first step, the data were gathered by utieg
Microsoft Excel based software tool. The input bét
data was performed without any problems.

The result of the evaluation was an overall maturit
level of three, which describes the resource efficy of
the SME aefined The five enabler criteria were per-
formed between level two and level four, each. Asip
tive result, the sub criterion motivation of empdeg
(within the criteria human) and the supply of emnerg
(within the criteria energy) have to be mentiongétie
only criterion which was in the critical range (V1)

assessment of the equipment strictly regardingureso

The evaluation was performed divergent to the frame efficiency. Also modern machines are not on a théylel

work model EFQM. The enable criteria are esseiial

automatically.
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Fig. 5. Evaluation of the criteria.

Results of the last assessment

—o—Results of the current assessment

Resource Human

Society Orientationg -
Employee Orientation v,;"-"..

Key Results <~

Customer Orientation

- Resource Machine

3 Resource Material

~“Resource Management

‘Resource Energy

Fig. 6. Example of the assessment results.

Overall, the usability of the tool was ranked highe
guestionnaire wagasy to use and the presentatior
results was understandable. As a disadvantage st
mentioned, that the qualitative interpretation loé &n-
swers provided, contains the risk of misinterpietat
Furthermore, the results of the evaluation wheleec
as realistic by the representative of the S

6. CONCLUSION AND OUTLOOK

One of the biggest challengeshicl manufacturing
SMEs face nowadayss the increasing competitive |s-
sure. The increase of resource efficiency is aactffe
approacho improve the competitiveness of manufir-
ing companies. Furthermore, atority models are a
effective method to assess processes.

Within this papera maturity model to assess tte-
source efficiency in manufacturing SMEs was devetb
Furthermore, e model was transformed ina software
tool, whichwas validated within a manufacturing SV

The model and the tool developezhable manufac-
turing SMEs to assess thesource efficienc of their
processesto identify potentials of improvement and
review the implementation of optimization meas,
based on self-assessments.

In further researchthe maturity model will be vi-
fied in expert workshops. Furtherm, the software tool
will be improved and updated to minimize the poityb
of misinterpetation of qualitative interpretations witt
the questionnaire.

At the end of the day, the paper sups manufactur-
ing SMEs to become more resouefficient and thus to
increase their competitiveness
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