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Abstract: Rising energy costs as well as ecological goalsgmetrgy efficiency on a significant level of in-
terest in most industries. Industrial Logistics mdes a huge number of devices and is charactefized
high over all energy consumption. Therefore, copimary industrial applications require solutions,

which are (re)designed for high energy efficiency.

Currently no general guidelines or standards erégfarding how energy efficiency is representedein r
lation to logistic output. The paper presents tlasib for a benchmark system for energy efficiefigue
tomated in-plant systems. Through the use of EnEffigiency Indicators (EEI), efficiency is becomin
guantifiable. Comparisons and optimization tasksgstems can be worked out and evaluated. The focus
here is on conveyor systems for unit loads as #neycommonly used for the transportation of goaus i

typical logistics applications.

The common structures and basic operation functidmaaterial flow technology are explained. Stagtin
with a basic definition of energy efficiency, thathematical derivation of Energy Efficiency Indice is
performed by the use of basic characteristics ofvegor systems. All process steps necessary fer-det
mining the energy efficiency indicators are desedibFinally, the validity and clarity of the EEks veri-

fied by an application example.
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1. INTRODUCTION, MOTIVATION

Energy efficiency is becoming highly important, due
to both economic reasons and the overall goal @f-en
ronmental sustainability H3].

approach for automated MFS [4]. The second core iare
presented in this paper: The design of a standsddind
generalized model of characteristic values in orter
make it possible to compare energy efficiency ofSVIF
independent from manufacturers and technical soisti

Material Flow Systems (MFS) are main components

in most in-plant logistic systems. The numbers rof i

1.1. Energy Efficiency in Material Flow Systems

stalled automated MFS have increased progressively Figure 1 basically illustrates aspects of the these

over the last decades, as well as their energyucoms
tion.

els of MFS that can be optimized: Enterprise Resmur
Planning (ERP), Manufacturing Execution System

Today, no standardized methods for benchmarking(MES), device/component (field).

energy consumption of MFS, in relation to charastier
operations, are available. The available standdods
determining losses and efficiency apply only togkn
components like electric drives (EN 60034).

Therefore, at the Institute of Logistics Enginegrian
research project (titled effMFS) was arranged daded
in March 2011 in close cooperation with the indiastr
partner SSI Schafer PEEM GmbH — funded by FFG Aus
trian Research Promotion Agency.

The research project focuses on two main areas- of i
terest. The first focal point is the overall opthation
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The previously published research findings concern-
ing energy consumption of Material Flow Systems
(MFS) and their efficiency mainly focus on trangper
tion problems. In general, these results are roistera-
ble to intra-logistics.

1.2. Need of a Benchmark System (EEI-MFS)
Improvement of the energy efficiency of MFS be-
comes possible if efficiency factors are availableela-
tion to current orders, loads and modes of operaflibie
specific power consumption at nominal system perfor
mance (payload, throughput ...) is not a sufficiewli¢a-
tor. There are no standards available for measuaird
calculating characteristic energy efficiency indica
(EEI) for MFS.

In this paper we present the project results for a
standardized energy efficiency indicator systeme Th
basic approach, the specifications, the equationdl-
culations and two examples are illustrated.
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Fig. 1. Levels of MFS and EEI.

2. OVERVIEW OF MFS, TECHNOLOGY
2.1. Levelsof MFS
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Fig. 2. Belt conveyor for load units, located at ITL labors.

The comprehensive approach of the EEI benchmark

system was developed with consideration of classifi
system levels of material flow systems (MFS) [4]f-D
ferent degrees of complexity of intra-logistic ®yet as

well as the depth of details are represented.

3. ENERGY EFFICIENCY INDICATORS (EEI)
OF CONVEYOR SYSTEMS

The benchmark system is based on indicators, which

The approach specifies three levels of MFS as showlescribe and quantify interested situations of esees

in Fig. 1. A conveyor system is an example fordbgice
level. The process level includes groups of devafahe
same or of more than one types, e.g. conveyor qlds
tomated warehouse systems plus order picking ofiés
distribution center.

The plant level represents the overall facilitiethe
location but this will not be addressed in thisjpct.
At device level, the actual physical technologympo-
nents and elements of devices must be investigated
calculate EEI, e.g. conveyor systems, sorters,naaiio
storage and retrieval systems, etc.

2.2. Conveyor Systems Technology

Continuously operated conveyors for load units (LU)
are standard components of in-plant logistic system

Their task is to transport load units, containirgiaged
goods and freight, from a point A to a point B.

[5]. Furthermore, standardized specifications aodd¢
tions are necessary to determine the EEI and etiseise
EEls are also comparable.

As a basis for the introduction of an energy ediidy
indicator for conveyor systems, the general définibf
the efficiency of the EU directive [6] is used.

3.1. Definition of Energy Efficiency

The definition of efficiency is characterized by tfa-
tio of output to input of a process. Thus, efficggrde-
scribes the amount/quantity of an output size @@
cess, based on its input ratio.

_ Output

Input @

At energy efficiencyEey, this definition is expanded

Conveyors are characterized by their given route ofand describes the ratio of a general definable ubutp

line and have a defined length. Load units are eped

in a continuous way from the loading point to the-d
charging point, with a given distance or with giveycle

times between load units.

Typical conveyors work with a defined conveying ve-

locity, depending on the application, at a rang8.8fand
2m/s.

Different types of load units are used in common in

dustrial applications, depending on the weight &mel
characteristics of the transported goods. The violig
classification of the rated load is distinguished:

e up to 50 kg (boxes);

» 50 kg — 200 kg;

e 200 to 2 500 kg (palettes).

Depending on the nominal load, different types of

commonly used conveyor systems in MFS are
* Roller conveyors;

» Belt conveyors (Fig. 2);

» Chain conveyors.

The basic structure is similar in all applicatio@ne
or more drive units operate the transport systerthef
conveyor, i.e. rollers, belts, or chains, and tpansthe
load units (Fig. 2).

performance, service, goods or energy, dependinipen
application, and is set to an input of energy Téie input

of energy represents the energy demand respectively
consumption of the considered process/application.

Output of a performance or proce

| 2
nput of Energy

B =

3.2. Characteristics of Conveyor Systems
The main characteristic values of a conveyor system
are:

e ThroughputAy [LU/R];

e Conveyor velocity [m/s];

* Loadingm of the boxes (LU) [kq];
Length of the conveydr [m];

¢ Nominal Power of drive uni®p [KW].

The achievable throughputy indicates the maxi-
mum number of LU per time unit which can be trans-
ported by the conveyor system. This is done with th
assumption of a constant conveying speed

The LU are charged with the loading and applied
on the conveyor at a distanedetween the LU (Fig. 3).
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Fig. 3. Schematic representation of a conveyor.
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Table 1
Coefficients of Representative Operation Cycle
Operation | Time | Through- | Load | Veocity
state dice put
i t, A m v,
1 Nominal 20% 90% 90% 100%
load
2 Partial 50% 50% 50% 100%
load
3 No loac 20% 0% 0% 100%
4 Stoppage | 10% - - -
(standby)

During its operating time the conveyor demands the

electrical powerP. This power consists of the installed
power of the drivePp (including actuator/control unit)
per module and the rated demand of the controksyst
This results in the energy demand required to dedhe
conveyor system.

These values are needed in the following section to

develop the Energy Efficiency Indicators.

3.3. Standar dized Boundary Conditions

In order to determine respectively measure the-char
acteristic values needed for the efficiency indicsit a
load collective is defined, which is composed dfpals-
sible operating states,

nominal load,

partial load (turndown),
no load,

stoppage (standby).

The time unitsT; are calculated from the operating

states using the relative percentage of time

T =t 0. 3)
Table 1 contains the coefficients, which definerdre
spective proportions of the representative opemnatip-
cle.

Different throughput rates, corresponding to the re
spective load conditions of the ROC, are consideiad
the weighting; in percent. With the load dependext
the throughputs are calculated as follows

N = AT . (4)

The loadingm also has an effect on each operating

state. The conveying velocity is, if stoppage i$ can-

sidered, the nominal velocityof the conveyor system.
In order to determine the EEI, the specific valoés

These reference loads are proportionally combinedhe energy consumption of the entire system haveeto

and define a standardized representative operatiole
(ROC), which describes a typical load situationcom-
veyors (Fig. 4).

measured by considering the conditions of the R&C,
the specified measurement point (Fig. 5).
All other required values can be calculated.

Reference loads, combined to a representative opera

tion cycle, are commonly used for the calculatiowd a
dimensioning of material handling components, sash
lifting appliances [7, 8]. Hence, this approach atso be
applied to the determination of the energy consionpt
of a conveyor system.

With these given conditions the energy demand s de
termined by power measurement. The total duration o
the representative operation cycle ROC is definedib

nominal load
100%
partial load (turndown)
£
2
N no load (idle)
o
m©
o
stoppage (standby)
0% >
T T o T (h]

Tw

-

4

Fig. 4. Representative operation cycle (ROC).

3.4. Energy Efficiency Indicators (EEI)

In technical applications, indicators are commonly
used as specific values, which relate a basic peterm
(the input of a process) to a reference value sisamass,
length, or area. In case of logistics engineerangpmbi-
nation of several basic parameters as a referenpect
ommended. This combination is referred to as "ligis
performance" and represents the output of a lagBi-
cess.

For internal investigations, calculations and &n$-
fer the results from a single device to a systém,intro-
duction of a specific energy demand is recommended.
This specific energy demand refers the input ofgnéo
the "logistic performance"” as a reference for psses in
logistics. The specific energy demand of a convesysr
tem is obtained formally from the reciprocal of #ner-
gy efficiency (2), as follows

E

W, ®)

1
EC:_:
Eer
E. — specific energy demand of conveying process;
E. - energy input;
W, - logistic performance (output).
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» Logistic performance of EEI depending on the type of conveyor, for coripa
Compared to complex systems at the process levekon and evaluation.

the output on the device level can be defined simple

way due to its corresponding task. + Energy Input

The basic function of a conveyor is to transpostdio The energy input of the system has to be determined
units from a pointA to a pointB, wherein the distance Therefore, the power consumptiéh of each individual
between these two points lis. Thus, the "logistic per- gperating staté of the conveyor, corresponding to the
formance" would be, in the simplest case, the destaof ROC (specified in chapter 3.3), must be determized
the transported freight itself. However, the logigter-  combined to form a representative energy demand.
formance is more meaningful when the number ofstran Based on the representative operation cycle (ROC),
ported load units is also considered. the average powd?, of each operating state is measured.

The logistic performanc&V is then given by the Multiplying these benefit®, with the corresponding per-
product of the distande: with the sum of the transported centage of timd; from the load spectrum, results in the
load unitsxges It represents a form of work performed by energy inputEe. This energy demand is specific to the
the conveyor within a certain period of time. Theight  jnyestigated conveyor and indicates the quantitgret-

of transported LU’s, which certainly has an effentthe gy which is necessary to fulfill the material hang|
logistic performance, is omitted at this first stéthe  function, based on the given ROC.

definition of logistic performanc®/ for a load unit con-

veyor is n
E. =) RN = ROT+ BT+ pPOT=
i=1

W= (=3 X0 LU (©) =T, RO (Ws kwh (1)

The number of transported load unitsan be deter-
mined in a practical manner, by counting all umiéss-
ing a measurement point in the peripaf the respective
operating staté. Furthermore, the number can be calcu-
lated theoretically with the use of the throughpubf a
material handling conveyor. This throughput is mault
plied by the percentage of time valugs given by the
representative operating cycles/states (ROC), Thble

By the use of the logistic performance and the gagner
input, the specific values of energy consumptiokIjE
can be defined. As shown above, it is possibleetind
different indicators for conveyors, as result oé ttwo
different considerations of logistic performance.

« Energy Efficiency Indicator 1 (EEI 1)
The logistic performance used is the product of the
number of transported unigesand the distanceg in the

X =N (7) reference period. This results in the first EEI

As a result, the logistic performance is as follows

E ZRD‘ Ws
— N — N EC/ LU,s === = ’ (12)
W= DA 0, = Ay O O DA 0 LU (8) W [Lum}

The previous definition (6) and (8) of the logigpier- ) o
formance was formulated without consideration of th  This allows the description of the energy demand re
weight of the LU. However, for other types of copers,  ferring to the transport of one load unit LU ancséx on
like systems for bulk transport, it is more usefulcon- & meter of transport distance.
sider the transported weight and not load unite Tth

gistic performance of the transported mikgsover the  * Energy Efficiency Indicator 2 (EEI 2) .
distance_r is then obtained: The total transported mab,.sand the distancer in

the reference period are used as logistic perfocemaBo,
n the second EEl is
WL = MgesELF:inDVIiELF [kgmﬂ (9)
i=1
P

WL ANDV'NDLF@/L [ﬂlljn |:kgm

On the other hand, the calculation can also be madeEc/ -
by the use of the nominal throughpwyt of the conveyor. R

} .(13)

W =YATMMO = This indicator allows the description of the energy
= ) demand referring to the transported mass in kggdas
- a unit length of the transport line, independenflyfy.
An Hy My He D;/]imi m [kgim]. (10) The focus of investigations in the research project
effMFS is on conveyor systems which transport piece
Currently, two different types of logistic perforne  goods (LU), and not on bulk materials. Therefonalyo
have been defined to refer to the energy inputaadte  the EEI 1 is considered in the example in sectiof this
a specific value. Later, this results in two diéfet types  paper.
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4. PROCESSOF DETERMINING EEI In addition, steps of evaluation and documentation
- - are also required for a complete and significaatieshent
The process for determining the Energy Efficiency of energy efficiency
Indicators is arranged in three main steps The EEI have to be determined under standardized
« Preparation, conditions. Only in this way, the comparability thfe
« Measurement, EEI can be guaranteed. This is achieved by thengive
- Analysis (Calculation, Evaluation), Documentation. l0ading conditions of the ROC, which are reproduoad
o the conveyors during the power measurement. This en
All necessary process steps for determining thé EEgsyres that comparable EEI are determined, regardies

are illustrated in Fig. 5. ~ manufacturer or the respective testing laboratories
Also, the information flow of each specific in-

put/output value during the process is given aludtilat- 5 ExAMPLE

ed until the EEI are finally calculated. o
A roller conveyor, located at the institute's ladtory,

operated with an internal flat belt drive systenmigesti-

[1)Usage Category: Nominal Load CIassificationJ g?-ted_- The (_:OnV_eyor was opergted in two diff?r'ea'dl
of the conveyor system situations, situation A and B (Fig. 6). Then, thegimal
3 categories of nominal load drive was replaced with an energy-saving drive apd
. .1:0 - _— P~ L ; . . . . .
KI2: 50 - 208k Av My Ty erated again in both situations. The results oahieur
KI.3: 200 - 2500 kg scenarios are determined and compared.
2) Representative Operation Cycle 5.1. Situation, initial Parameters
=1 ing Rkl )
a Determination of load conditions i=1..4 accordin
2 to ROC and Parameters, table 1 The investigated roller conveyor is 2.6 m long and
5 — e - has a maximum load capacity of 50 kg per load unit
E | nominal o | (LU). The conveying velocity is 0.6 m/s. The origin
5] . | installed drive has an overall efficiency of appr80%
. | H o lond | [4]. The energy-saving drive has, depending onldhae
| % AT L il4 situation, an overall efficiency of 50-60 %.
| G 1 T The realized load intensities on the conveyor are
| | . RS I n | shown in Table 2 (percentage values of electricavgy
N E—— J rated on nominal load). Table 3 shows the runnimgs$
3) Installation and Test of Measurement System for each operating state of the ROC load spectrum.
y Preparation of the measurement series
in : Situation A —— Original Conveyor
4) Determining of Electrical Power [
[ ) Reproductiongof operating states i according to ROC J ———— Modified Conveyor
nominal load
Device: Gonveyor technology (Beft. Roller., Chainconveyor ete.) [w] partial load(s)
: € |
% C@) m. m. Sensors! & L no load (idle)
gl | g AP,
g H Actuator (FU, ete.) | 8_
: L =
§ !C ol (SPS. et | a 3 AP....reduced power consumtion
Conel (SFS. et : 5 on modified conveyor
N et I - z
verall ene demand
?eﬁ':::ﬁ(;‘r\oe;tyerrl?i\yhandhng %ggts[ggeﬂe.r stoppage (standby)
N | Bisld
‘ uremen : >
| pesmmasysen | PR AN T. - thl
\] 3L(AC 3-) D o ‘T -
[5) Calculation of Energy Consumption £, (11) J Situation B
nominal load
W] i
& [6) Calculation of ,Logistic Performance” W, (8) ] partial load(s)
5 no load (idle)
g 5]
3 g AP,
] 4
a [7) Calculation of EE 1,2 Eg,.y» Ecsann (12,13)] =
- Q
v =
¢ k]
% E{,‘,’(H, mErro\rL\) %
<
(0 Evauton I ey
A+, 4,8,C.D,... -
v [9) Documentation ] - T, >l T, > TSIT“ -« (h]
T, N

Fig. 5. Process steps of determining EEI. Fig. 6. Situations for EEI calculation.
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Table 2
Load intensity of each operating state (relative)

Nominal | Partial NoLoad | Stoppage
load load (standby)
Load 100% 80% 65% 0%
Table 3

Running times of operating states (relative)

Nominal | Partial No Stoppage
load load Load | (standby)
Situation A | 20% 20% 5% 55%
Situation E | 60% 30% 5% 5%
Table 4

Calculated EEI 1: E¢yug

Original Conveyor M odified Conveyor
Siuation A | 48.25 WS 4352 VS
LU On LU On
Situation B 36.14£ 31.82 Ws
LU U LU U

5.2. Results

ciency. This is obvious because of the reducedggner
demand and the higher available logistic perforreanc

6. CONCLUSIONS, OUTLOOK

An approach of a benchmark system for determining
energy efficiency of material flow systems has baen
troduced. This includes the implementation of éficy
indicators to describe and quantify the energycifficy
of continuous operating conveyor systems. Furtheemo
all specifications and standardized boundary coont
for determining the indicators have been developed.
addition, process steps for determining the eneffly
ciency indicators have been described. It is tloeegpos-
sible to compare devices in terms of energy consiomp

At the device level (Fig. 1), the structure of the
benchmark system can be transferred to other dewate
material flow technology, such as automated stoeagk
retrieval systems. An interesting task is the tianaf the
benchmark system away from individual devices (ckevi
level), to entire processes, i.e. picking, at tlmecpss
level. This extension of the performance of thedben
mark system up to the process level is aspiredsaodr-
rently in progress. Furthermore, statements comgrn
the carbon footprint of in-plant material systerg,the
use of the EEI, are interesting.

With the power values and the corresponding running

times (Table 3), the calculation of the EEE .y, is
performed. The results are presented in table 4.

Different situations A + B. The specific energy con-
sumption is lower in system B, although the loadafg
the conveyor is significantly higher due to longgera-
tion times on full load and part load. The conveyor
situation B has a far higher energy consumptions T
of course trivial due to the higher time weightmfghom-
inal- and part-load states in the collective B. ldoer,
the conclusion that the conveyor in situation Bless
efficient is wrong. The conveyor provides a cormsp
ingly higher logistical performance; it transporteore
load units in the same observation period (2760ih-U
stead of 1120 LU). Regarding the specific energy-co
sumption, the number of load units conveyed is hew
ing considered. Therefore, the specific energy coms
tion in situation B is about 25.10% lower than tlot
situation A.

Modified conveyor. In addition to a plant-specific
comparison, a before-after comparison can alsodpe c
ried out. The recalculated EEI provide informatamthe
currently achieved energy savings.

Due to the higher proportions of full and part Ipad
the suspected savings might be higher in systerin B.
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