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REVIEW OF FACTORS AFFECTING OPTIMAL NUMBER OF CAVITIES
FOR INJECTION MOLDING OF POLYMERS

Kristijan Mojsovski, Filip Zdraveski
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A bstract: The industry for designing and manufacturing of molds for injection molding very often faces
with problem regarding optimization of number of cavities in the mold. The modern CAD and CAE can be very help-
ful in this process. Designer has to satisfy several parameters in regards of decreasing the costs and manufacturing
time. For this purpose modern software tools are available such as SolidWorks, Master CAM and SolidWorks Plas-
tics. This paper contains multiaspect analysis for molded plastic part manufactured to be cover element of HVAC.
Factors such as production rate needs, especially mold design and costs for its manufacturing, are analyzed in this pa-
per. Their influence on selection of optimal number of mold cavities is explained.

Key words: injection molding; mold design; mold cavities; cost analysis

IPEI'JIEJ] HA BJIMJATEJIHUTE ®AKTOPHU 3A U350P HA OIITUMAJIEH BPOJ I'HE3JIA
TP NTHJEKIIMOHO JIEEILE HA TTOJIMMEPH

AmncTpakT: UanycTpujaTa 3a KOHCTPYyHpae Ha aJaTH 3a MHjeKTHPabe Ha IUIACTHYHA Maca MHOTY 4eCTO ce
coouyBa co IpobiieM 3a IpaBHIeH U300p Ha OpOjOT Ha THE3Ja BO ajlaToT. 3a OJIECHYBame Ha M300pPOT ce KOpHCTAT
coBpemenute nporpamMu CAD n CAE. KoHCTpYKTOPOT MMa HEKOJIKY ITapaMeTpH KoM Tpeba /1a I'H 3ama3u J0JIeKa ce
KOHCTpyHpa ajaToT, 3a Jia ce JoOuiIe romMaja ieHa U IOKPAaTOK BPEMEHCKH MEepHoA Ha u3padoTkara. 3a 0BOj MpoLec
ce xopuctar nporpamute SolidWorks, Master CAM u SolidWorks Plastics. Tyka ce naBa anammsa o moBeke
aCMeKTH Ha KOHCTPYKLHja U u3paborka Ha ykpaceH jaen HameHer 328 HVAC. Tpynor naBa Hacokd Ha KOj Ha4MHU

MOJKE JIa C€ HaMaJIaT TPOLIOLMTE BO MOTJIE/ Ha IIEHa M BPEMETO Ha N3paboTKa.

Kny4ynn 360poBH: 1HjeKINOHO JIeeHe; KOHCTPYKIHUja Ha aJlaT; THe3/1a; aHAIM3a Ha TPOIIOIHU

INTRODUCTION

The manufacturing of polymer products is
one of the most profitable sectors in the global
economy. A great number of polymer products are
produced annually worldwide. On the basis of the
research of the modern market needs, it was con-
cluded that most of the polymer products (known
as plastic products) are manufactured in plastic
injection molds (or just injection molds). From the
wide range of tools, the tools for injection should
provide: long-term use, high durability and resis-
tance to chemical reactions [1, 2]. For this purpose,

attempts are made to reduce the cost of design and
development of these tools by using more stan-
dardized parts. In the designing of tools for injec-
tion of polymeric material, one of the main goals
of the designer is to produce the optimal number of
cavities in the molds. This is done in order to re-
duce the manufacturing cost of the mold, but at the
same time to meet the manufacturing needs of the
required parts. In the manufacturing of injection
tools, costs are a very important economic category
that is most directly linked to the profits and suc-
cess of the company's operations. Development of
technology and software packages has led to their
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full integration in the manufacturing process. One
of the most important features of the CAD/CAM
modeling systems is the ability to personalize or
customize the program according to your needs,
depending on the complexity of the task. Also, in-
dependent input of the mold’s properties, as well
as manipulation of the basic specific models, has
been introduced.

INJECTION MOLDING

The injection molding procedure is one of the
most exploited methods of manufacturing polyme-
ric material articles nowadays. Injection molding
depends largely on the size, complexity and the
number of cavities in the injection mold. The injec-

tion process occurs in several stages that are shown
in Figure 1-1.

The injection pressure is very high, within the
limit of 500 to 3000 bar [3], but the process can
also be carried out with higher pressure, up to
10000 bar (Figure 1-2). The speed of injecting
melted plastics is high and in some cases is up to
1.5 m/s [4]. When melted plastics enters mold cav-
ity, which is at lower temperature, it cools down.
This is precisely defined by the processing condi-
tions. The pressure in the mold cavity is lesser than
the pressure of the injection, and it is within the
limits of 300 to 600 bar (Figure 1-2). When the
mold is filled completely, the machine pressure is
additionally increased in the injection cylinder
(Figure 1-3).

1. Mold Close bicpuid plasstic

Core Cavity Nozzle ;
‘l .

Plastic pellet

Torpedo + Check vabve

Hydraulic motor

Cylinder injection

%
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&E|

K Check valve

’Hvdraulic
pressure

3. Helding Injection
Vel

Cavity has been filled with liguid material

4

Holding Pressure

L |

— i
* cnecicvaive ¥ 'Hydraulic
pressure

4. Charging & coolin

Check valve

l\

Rotating screw

Y Rotating hydraulic
% motor
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N [ |
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Qil hydraulic nlet

5. Mold Open
Ejectar Product

Fig. 1. Stages of injection molding
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Additional pressure acts in a way that assists
solidification of the gate (cavity entrance) between
the mold cavity and the input system. Thus, it is
possible to remove the nozzle from the runner sys-
tem and the process of solidification to begin. The
time needed for cooling down (Figure 1-4) of the
molded part is often longer than the filling time
(Figure 1-2), applying additional pressure (Figure
1-3), solidification time and removal of the nozzle
[5]. The cooling down of the molded article is
achieved by using a special device for releasing
heat in the mold, through a use of system of cool-
ing lines circulating water or oil part of the mold.
When the molded material hardens, the mold is
opened (Figure 1-5) by separating the movable
from the stationary part and the part is usually
pressed out with a system of mold ejectors.

Tools for injection molding

Components of the injection mechanism are
shown in Figure 2.

( .2 _ IO )
&y B a— (11)
(4 9
(5 12)
(6)

Fig. 2. Components of molding mechanism
1 -2) Upper stationary plate; 3) Upper supporting plate;
4) Upper mold forming plate; 5) Lower mold forming plate;
6) Tie rods; 7) Lower movable plate; 8) Ejection package;
9, 10, 11, 12) Mold base formers

The tool designing process is very complex
and includes a large number of activities. Determi-
nation of the number of cavities is one of the most
important. For this purpose it’s crucial to obtain
the following parameters from the production [6]:

e Number of units that should be manufactured
Hg,

Maw. unic.nayy. ciiuc., 35 (1), 5-10 (2017)

¢ Dead line for unit manufacturing #;
¢ Duration of machine cycle #;
e Working hours efficiency coefficient 7.

Parameters used in this paper are given in
Table 1.

Table 1

Production parameters used in the research

(units)

500000 200

7 (days) M (h) ]

40/3600 0.9

Very important aspect which relates to selec-
tion of number of mold cavities is injection ma-
chine itself. Mold machine is defined by the injec-
tion weight. If it has high weight capacity, than it is
expected the number of mold cavities to be opti-
mized for it.

It’s assumed that the specific month has 21
working days, and work is conducted in one 8
hours shift.

H,= Hy _ 2500 (1)
m

H_ is number of molded parts that needs to be

manufactured in one day.

n, = i_” — 648 2)

c

n.; is number of cycles that can be realized in
one day.

Hy =T _39 3)

Ny
H,,; is number of cavities in the mold accor-
ding to production requirements in ideal circum-
stances.

INFLUENTIAL FACTORS

The optimal performance of the mechanisms
for injection molding should be designed so that a
quality product is obtained, and, on the other hand,
it should decrease the expenses for the manu-
facture of the finished product.

Design aspects

Before manufacturing of tool itself, injection
simulation is performed in SolidWorks Plastic.
This facilities the design of tool and gives final
product with the highest quality. Simulating this
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process before cutting the tool, allows changes to
be made early on, ultimately saving money and
optimizing results.
According to eq. 3, preliminary number of
mold cavities is equal to 4. Additionally, with

Mold fill time in seconds (s)

2.5

T AxisTitle

Cooling time (s)

o

M Injecting
mold with 2
cavities

M Injecting
mold with 4
cavities

H Injecting
mold with &
cavities

o Injecting
maold with 8
cavities

Maximum injecting pressure (MPa)

Fig. 4. Results for 2, 4, 6 and 8 mold cavities

W Injecting mald
with 2 cavities

M Injecting mold
with 4 cavities

M Injecting mold
with 6 cavities

M Injecting mold
with B cavities

simulation in SolidWorks Plastic, the tool design is
verified from filling point of view-uniform filling.
Ununiformed filling causes problems with the part
quality. The results from the simulation are shown
on Figures 3 and 4.

M Injecting mold
with 2 cavities
M Injecting mold
with 4 cavities
M Injecting mold
with 6 cavities

o Injecting mold
with B cavities

Shrinkage %

16

Hinjecting
mold with 2
cavities

H Injecting
mold with 4
cavities

M injecting
mold with 6
cavities

E Injecting
moeld with 8
cavities

® Injecting
mold with 2
cavities

B |njecting
mold with 4
cavities

= Injecting
mold with 6
cavities
Injecting
mold with &
cavities
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From the results (Figure 4) can be seen that
optimal parameters are achieved for 4 mold cavi-
ties. Increase of number of cavities has large influ-
ence on mold closing strength and material shrink-
age; necessary strength increases and shrinkage is
decreased. The cooling and fill time increases in
proportion with the number of cavities. In order to
successfully control the injection of plastic part, it
is recommended the mold temperature to be 60°C,
the temperature of the melted plastic to be 230 °C.
Also, increase of thickness in the critical areasis
recommended.

Tool cost (REFA methodology)

Planned calculation serves to determine value
of plastic injection tool. Two types of costs are in-
cluded:

¢ Direct costs are the one that occur during direct
molding of the product;

e Indirect costs are costs which are not incorpo-
rated in the product, i.e. can’t easily be deter-
mined for each product:

C.=M+L,+A+0,,, “)
where C. is total cost; M are costs for materials; L,

are costs for manufacturing of individual parts;
A are amortization costs; 0, are general costs.

and time is saved when preparing the CAM pro-
grams. The technological list specifies the types of
treatment that should be conducted to obtain the
required surface, and we also define the type of
tool that we will use, its diameter, number of teeth,
and processing mode.

A calculation of the costs for manufacturing
the two cavities mold is provided in Figure 5.

A calculation of the costs for manufacturing
eight cavities moldis provided in Figure 6.

Upper stationary platen 400.00 MKD
Supporting plate 1 400.00 MKD
Supporting plate 2 740.00 MKD
Upper mold forming platen 33 210.00 MKD
Lower mold forming platen 11 439.00 MKD
Ejection package 1 383.00 MKD
Tie rods 1 383.00 MKD
Lower stationary platen 400.00 MKD
Forming segments 1 8 610.00 MKD
Forming segments 2 1 383.00 MKD
Forming segments 3 2460.00 MKD
Total cost: 61 808.00 MKD

Manufacturing time needed for the two cavities molding tool is

10 days.

Fig. 5. Two cavity mold calculation total cost

With the help of technological processing list,

Maw. unic.nayy. ciiuc., 35 (1), 5-10 (2017)

used here for calculation, work is greatly facilitated

Upper stationary platen 400.00 MKD
Supporting plate 1 400.00 MKD
Supporting plate 2 1660.00 MKD
Upper mold forming platen 132 840.00 MKD
Lower mold forming platen 4 321.00 MKD
Ejection package 1 500.00 MKD
Tierods 1 383.00 MKD
Lower stationary platen 400.00 MKD
Forming segments 1 31 057.00 MKD
Forming segments 2 5 381.00 MKD
Forming segments 3 15 260.00 MKD
Total cost: 234 602.00 MKD

Manufacturing time needed for the eight cavities molding tool
is 33 days

Fig. 6. Eight cavity mold calculation and total cost

Comparative analysis

Apart from material selection and geometry
definition of the product, key element in manufac-
turing of an injection mold is the choice of the op-
timal number of cavities. The examples with dif-
ferent number of mold cavities included in the pa-
per show that by using certain "rules" when devel-
oping an injection tool, improvement can be ac-
complished in all stages. It should be noted that
selected number of cavities defines the final cost of
the tool (Table 2). Multiaspect analysis defined in
this paper is beneficial in a way that decrease the
time necessary to prepare offer, and in the same
time, more accurately predicts the costs of all ele-
ments included in the offer. Finally, the prediction
of the real costs for the material, processing of
parts, defining the number of cavities, as well as
the objective time frames for conducting individual
operations affects delivery dead lines.
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Table 2
Comparison of partial and total costs for two and eight cavities in injection molds
1600000
1400000 787696
1200000
a 1000000
¥
= 800000
600000 155360 4 611375
400000 233700 138607 146180
200000 7749 B84 30334 4 il
7 _ 61807 ¥ 179760 6720
0 8720 SR
6733 e N
eight cavities —+—two cavities
S Amortization of the |Electricity consumption
Procurementof | Productionof i the machine for | Amortizationofthe |~ W B g Consumption of the 2
: : o e injection mold of the injection mold General costs Total price
material platen the production of | injection mold tool 5 : coolant
machine machine
the mold
wo cavities 77486 61807 6733 30334 145180 255360, 5040 26445 611375
gight cavities 233700 234602 28844 ] 48720 179760, 6720 53350 787696|
CONCLUSIONS mold tool (filling channels distribution in the tool)

Manufacturing of molds for parts obtained by
injecting polymer materials is a truly complex task
and a challenge for each engineer-designer of
molds. Multiaspect analysis contributes so that ma-
nufacturing of the part will be done in a timelier,
more accurate, more secure and more quality ma-
nner. The expected results from such an organized
manner of manufacturing of tools by using nume-
ric stimulation will:

¢ decrease the tools manufacturing costs,

¢ decrease the duration of the manufacturing pro-
cess and delivery of products;

e increase the quality of the entire manufacturing
process.

Milling machines (CNCs) have important role
in the process. They are used for manufacturing of
injection mold tool.

If basic principles and above listed conclusi-
ons for selection of the optimal number of cavities
are neglected, mold manufacturer would lose it is
competitiveness on the market.

Finally, general conclusion is that the optimal
number of mold cavities is function of the injection
mold machine capacity (weight), fill design of the

and expected production rates. Last one is in rela-
tion with the injection mold machine capacity.
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A bstract: This paper is an overview of the possibilities for the use of standard elements in modeling of in-
jection tools. It covers the use of digital library and how this affects achieving greater efficiency, speed, and signifi-
cant decrease of the number of errors. A comparison is made with personal individual production. By applying such a
flexible system, we save time and money and a better quality is guaranteed. This type of manufacturing by using
standardized elements from a digital library is a new type of system that improves overall manufacturing process of
injection molding tools.

Key words: injection molding; standardized tools; digital library

INPEJHOCTHU HA TUT'UTAJIHATA BUBJIMOTEKA 3A U3PABOTKA HA AJIAT
3A HTHJEKIIUOHO JIEEILE BO OJHOC HA HOEJUHEYHA U3PABOTKA

AmncrtpaxkT OBOj TPyX € mperiies Ha MOXHOCTUTE 3 ynoTpeba Ha CTAaHAAPAHU CIEMEHTH [PH MOJCIUPAhEe
Ha anar 3a uHjektupame. Ce pa3paboTyBa HAYMHOT Ha paboTa co AUrHTanHaTta OMOJIMOTEKa M Kako TOj BiHjae Bp3
MOCTHUTHYBambe [OroieMa e(puKkacHOCT, Op3MHA U 3HAYMTENIHO HaManyBame Ha rpeuikure. Cropenbara e HampaBeHa
CO COICTBEHO MMOEIMHEYHO Mpou3BoAcTBO. Co mpHMeHa Ha BakoB (ICKCHOMICH CHCTEM Ce 3allTeqyBaaT BpeMe W
[apy ¥ UMa 3arapaHTupan nopodap keanurer. OBOj HAUMH Ha KOHCTPYHPAme CO CTaHIAPU3UPAHU CIICMEHTH HPEKY
JUrUTaNHaTa OMOINOTEKa MPETCTaByBa HOB CUCTEM KOj ja MoJo0pyBa n3paboTKaTa Ha alaTH 3a WHjeKTHPabe.

Kiy4ynu 300poBH: HHjEKIMOHO JIeCHE; CTaHIapAN3UPAHH JICIIOBU; TUTUTAIHA OHOIHOTEeKa

INTRODUCTION of tools, and simultaneously save money and time,
standardized tools are utilized that offer security in
Most of the many technologies available for the use based on strict quality control.

manufacturing parts made out of polymer materials

are used in the injection molding process, i.e. the

manufacturing of injection molding tools [1]. The CHARACTERISTICS
development of computer systems in the last deca-
de raised the need to create modern computer tech-
nological systems that greatly facilitate the job of
the designer. Serial production or great wear and
tear resistance are just a part of the characteristics
that injection-molding tools should possess [2]. By
applying high standards as mandatory prerequisites
for the design, a quality final product can be ex-
pected. In order to maintain the production quality

Injection molding tools are expensive to make
and are most frequently used for mass production.
They are made of hardened steel, pre-hardened
steel, aluminum and/or beryllium-copper alloy [3].
The selection of material depends greatly on the
production series. The molds are manufactured by
machining, EDM, CNC milling, wire cutter ma-
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chine. The finished mold surface is often polished
and coated to resist wear and aid in part ejection.

The final mold design can be prepared only
after the part design has been specified and all re-
quirements affecting the design of the mold have
been clarified (Figure 1).

| Part design, requirement, quantity ordered, no. of pieces/ time ‘
Tvpe of mold

Two-plate mold Three-plate mold

Hot anner || Cold runner || Conventional Co]drurmui Hot runner

sprue

Selection of the injection
molding machine

Placement of cavities

‘—I._

¥
| Star amrangement | | Svmmetrical arrangement | | In-line arrangement |

Tvpe of gating

¥ ¥ L] ¥ ¥
| Conventional || Pinpoint || Submarine “ Flash || Disc, diaphragm |
¥
| Temperature control system |

I‘

I Surfaces I I Cores |

¥
Tvpe of ¢jection

| Pins | l Stripper ringsplate |

'
Type of venting

¥ Y Y
I Parting line Core inserts Ejector pins

Lamella

¥

Mold material

| Mold‘base || Inserts m:ﬂd plates || C:m |
]

Anticipated shrinkage

| Part design || Gating || Processing conditions |

Fig. 1. Structure for the selection of parts in the injection tools

Composite parts of the injection tools

Main functional elements of the injection tool
are shown on Figure 2:
e Stationary part where the tool receives the
material dosage (Figure 2-1).
¢ Movable part, from whence the final prod-
uct is ejected from the tool (Figure 2-2).

Other usual components [4] of the injection-
molding tool are: injection bushing-nozzle (1),
clamping plate (2), upper stationary plate (3), up-
per cavity plate (4), lower cavity plate (5), rear
cavity plate (6), spacer blocks (7), ejection package
(8), leader bushing (9) and leader pins (10)

hil
S

Fig. 2. Composite elements of the injection molding tool

Digital library — use and characteristics

Digital library provides a lot of useful infor-
mations, regarding the design and the technical
aspects. It has two main functions, on one hand it
is an interactive catalogue for quick and easy or-
dering of materials, and on the other hand it main-
tains the CAD link with a complete 2D and 3D
models of all the products offered by the company
(Figure 3). If necessary, the data can be generated
in a certain needed format (STEP, IGES, DXF).

Vi

N W
% I
VAR

V’
A
ARER

20 Standard mould set

i 3D Standard muul.a"' T,
basic structure e

set basic structure

Fig. 3. 2D and 3D model
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Figure 4 shows the process of selection of
standard elements and the communication of the
digital library with the CAM program, Solid
Works. For the selection of elements needed for
the injection tool (plates, bushings, pins, leader
pins, sprue bushing) the digital library uses the
sub-program DAKO to establish the link to the
CAM program SolidWorks.

|F/P‘ |FB/P|‘ é N E
SE=E

M 01 F 10196 1981221730

01 F 50 1196 196/ 762383
03 F 50 /196 198786343

04 F 70 195 198736 435/1730
05 F 00 108 1087122 12085
06 F 15 /196 196722170

o7 ENHNE: 78

08 ETH020- 78

DAKO
':> WorldCAT

v

SolidWorks

00 ETIENIEx 3
10 ENWI0 110

11 E 1400246 T9REND
12 E 14087246 7906

Fig. 4. Choosing standard parts for manufacturing
of the injection tool

MANUFACTURING
WITH DIGITAL LIBRARY

General consideration that to be need taken
into account when designing the tools from
scratch, can be systematized into:

e Design and material of components;
Number of cavities in the tool;
Type of tool;
Selection of an injection machine;
Correct choice of a parting line;
Positioning of core and cavity;
Correct positioning of the cavities in the
tool;
Part ejection system;
Cooling (heating) system;
Fool proofing arrangements;
Good choice of material for manufacturing
of the tool for longer use.

The list above shows the complexity of the
problem when design and fabrications are individ-
ual.

To save cost, common mold components are
purchased from suppliers. Frequently, outside ser-
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vices are required from subcontractors, which use
specialty equipment such as thread grinding, etc.
When all of the parts are completed, the next step
is to fit, assemble and test the mold. All mold
component parts must fit together precisely to
achieve an aesthetic result on the product and for
the mold to not wear out rapidly or break. The
mold must be fluid tight to contain the molten plas-
tic. Yet, at the same time the mold must have vent-
ing features added to allow the air to escape (Fig-
ure 5).

Example of an air vent provided on the parting surface

| = About 210 5mm

Cavity

Gate

- o
Runner ‘_\\{[/ M h = About 0.002 to 0.02 mm
/}1\ FL H = About 0.2 to 0.5 mm

| = About 2to 5 mm
h = About 0.002 to 0.02 mm
H = About 0.2 to 0.5 mm

Fig. 5. E xample of an air vent

It is clear that every tool depends on the di-
mensions of the part, the number of cavities in the
tool and the machine where it shall be injected.
One basic requirement must be met by every mold
that is intended to run on an automatic injection
molding machine is that the molded parts must be
ejected automatically without the need for secon-
dary finishing operations (degating, machining to
final dimension, etc). An ejection is very required
in order to eject the cured component from the tool
without causing any damage to the component.
The design of the ejection system is one of the ma-
jor factors of how efficiently the tool will be in
production [5]. Above all, by using a digital library
and standard elements for tools design, the work of
the designer is facilitated, because the only thing
that is needed is the design of the tool cavities, the
ejection package and the cooling system. The re-



14 K. Mojsovski, F. Zdraveski

maining elements are automatically generated from
the digital library.

COMPARATIVE ANALYSIS OF COSTS

Comparative analysis was done by comparing
the price for fabrication of two plates from the in-
jection tool, where one has been ordered ready
made from the digital library of standard elements
and the other has been customized by us. What
would the advantages and disadvantages be if a
custom fabrication is made? To complete this
analysis we shall take into consideration the upper
stationary plate and the front cavity plate. Also, it
has to be mentioned that this analysis is conducted
with Macedonian prices. The dimensions of the
upper stationary plate and the top forming plate are
given in Figures 6 and 7.

F 10196 296

\EET]

Fig. 6. Dimensions of the upper stationary plate

F 50 /196 296 7

=
295,?'/ 26 186
S L

5
i

\\\ 19] %

Y

\\\ d2 i1
\ [d1 57

Fig. 7. Dimensions of upper cavity plate

The regular [6] manufacturing technology is
systematized in the following procedures:

Cutting the material;

Thermal treatment improving 640 N/mm?;
Tenoning with a grinding insert;

Flat grinding;

Rough drilling of 4 cavities F26N7;
Manufacturing of 4 threads M10;
Coordinates grinding F26H7.

Table 1 and Table 2 show the prices of each
fabrication procedure individually, for the fabrica-
tion of plates are shown in Figures 6 and 7.

Table 1

Calculation of upper stationary plate’s costs

Material: DIN C45U (1.1730 tool steel )

. Cost per Total Total price
Operat
peration kg (€) ke ©
Procurement of
material 0.65 9.5 6.2
Thermal treatment 2 9.5 19
. CO.St ber Duration of Total price
Operation working hour .
© production ®)
Tenoning 15 3 45
Coordinates
grinding 15 3 45
Total costs
(custom) / / 115
Total costs
(standard) / / 105

Table 2

Calculation of upper cavity plate’s costs

Material: DIN 40 CrMnMoS 86 (1.2312 tool steel)

. Cost per Total Total price

Operation
P kg (€) ke €

Procurement of
material 5 345 172.5
Thermal treatment 2 34.5 69

. Cost P Duration of  Total price
Operation working coduction ©

hour (€) P

Tenoning 15 4 60
Coordinates grinding 15 4 60
Total costs (custom) / / 361
Total costs (standard) / / 240

Mech. Eng. Sci. J., 35 (1), 11-15 (2017)
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Figure 8 shows the total results. The differ-
ence in price can be seen in the individual produc-
tion and the selection of a readymade standard
part, the latter being more cost effective.

Cost(€)

400

350

300

250

200

150

100

: B

0
U.S.P. U.C.P.
B Custom desing 115 361
Standard 105 240

elements

Fig. 8. Comparison of the price of the upper stationary plate
and the upper cavity plate

CONCLUDING OBSERVATION

With the rapid technological progress, com-
panies that need certain tools, also have the ever-
present demand for quality tools, duration, price
and visual appearance. When manufacturing of a
tool composed of custom designed elements, the
following problems may occur:

¢ Due to the custom design, one can’t always find
the needed material quality, which causes the
need to search for a replacement.

e The lack of a machine park leads to the cooper-
ation with subcontractors which increases the
analysis time and control of elements.

e The thermal processing regarding the term is a
problem.

e In custom designing, the elements are not al-
ways produced in accordance with the request-
ed quality, and they are being adjusted in the
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assembly of the tool, which causes a lower
quality in the final product.

If the manufacture the tool using standard
elements from the digital library:

e Material quality is always guarantied.

e A large amount machining equipment is not
needed for the manufacturing of tools,
Reduced working with subcontractors.

e Strict quality control.

e The time needed to manufacture the tools is
much shorter.

e They are visually on a higher level.

The price of tools can always be a topic of
discussion with companies which ordered the
tools, but the same does not apply to the time
needed for the manufacturing and the quality of the
tools.
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A bstract: Innovations, nowadays, are part of a company’s everyday life. These activities, aimed
at improving overall performances, sustaining and developing of companies, are always subject to
change. The manner of addressing these issues in order to maintain competitive advantage is, in fact, the
innovative activity we should apply in business surroundings. Innovation processes are relatively complex
and they require proper systematization or using tools or structure, whereby adequate would be imple-
mented in a particular company. In this context, we create a conceptual innovative model for development
of the companies.

Key words: innovation; idea; creativity; sustainability and development; collaboration; innovation model;
innovation management

KPEUPAILE HA KOHIENITYAJIEH HHOBAIIUCKH MO/JEJI
3A PA3BOJ HA KOMIIAHUU

A nctpaxk 1 FHOBarmuTe, BO AEHEIIHO BpeMe, ce Jel Ol CEKOjTHEBHHOT )KUBOT HAa KOMIIaHHUUTE.
OBHe aKTUBHOCTH CEKOralll ce MpeAMeT Ha IPOMEHa BO HACOKaTa Ha MoJo0pyBamke Ha CEBKYIHUTE IIep-
(dbopMaHCH, Op)KyBamke U Pa3Boj Ha KoMIaHuuTe. HaunmHOT Ha pemaBame Ha OBHE Npallama, co Lel 1a
ce OfIp’)KM KOHKYPEHTHA MPEJHOCT, BCYIIHOCT C€ MHOBAaTUBHU aKTUBHOCTH KOM Tpeda Jja ce MpUMEHyBaaT
BO OM3HHC-OKONMHATa. FIHOBaIMCKUTE MPOLECH C€ PENIATUBHO CIOKEHH M THE 0apaaT COOIBETHA CHCTe-
MaTu3aluja Wik NaK KOPHCTeHhE Ha ajlaTKU WM CTPYKTYypa, 3a LITO ITOCOOABETHO Ja C€ CIPOBEAAT BO
oJpeneHa KoMIaHHja. Bo 0BOj KOHTEKCT ce co3/laBa KOHIENTYaJeH WHOBALIUCKU MOJIEN 3a pa3BOj Ha
KOMITAaHUHUTE.

Kuyunu 360poBu: HHOBAIINH; H/IEja; KPEATHBHOCT; OIPXKIMBOCT U Pa3Boj; cCOpabOTKA:, HHOBAIUCKH
MOJIeJI: YIIpaByBambe CO MHOBALIUH

1. INTRODUCTION While creating an innovative work environ-
ment, we must, first of all, to explaine the basic
principles, i.e. definition and classification of inno-
vations, which in turn, will help us for their funda-
mental understanding and the most convenient in-
terpretation of the same. The value, which they
provide and parameters inherent for innovative
companies, accentuate the exceptional importance

Innovations are one of the most important
company endeavors to maintain and develop them-
selves. Changes are inevitable, and they, through
one innovative working environment, can contri-
bute to continuous improvement and achieving the
strategic goals.
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in implementing and managing change. Also, we
will introduce the opportunities regarding protec-
tion of innovation, through patenting them and
adding additional value for enterprises.

Particular reference will be given to the inno-
vative activities of business entities in the Republic
of Macedonia, according to relevant statistics and
will highlight their weakest performance in such a
creative process. The existence of ideas that would
generate a certain competence value for companies
is not the most important segment of innovating,
but their management and evaluation, while mak-
ing the right decisions, are the main elements of an
innovative business organization.

Complexity, in providing expertise for inno-
vative aspirations, consists in making the right de-
cisions, by increasing creativity in business envi-
ronment, encourage innovation, idea generation
and their communication and refining, managing
and measuring performance and building model,
which most appropriately interpret all mentioned
criteria, supported by the high level of the com-
pany's collaboration circles. Such a model will
mainly target innovative activities to solve specific
problems or create exceptional opportunities in
order to develop and improve the company's per-
formance.

The research aims to:
¢ Defining innovation and their impact on the
success of the companies;

¢ Highlighting crucial issues for implementation
of innovative processes at companies in the
Republic of Macedonia;

e (Creating an innovative conceptual framework
/ model, for developing and improving the
company's performance.

The methodology of implementation, ac-
cording to the objectives set, as follows:

¢ Defining, analyzing and presentation of the
characteristics and classification of innova-
tion;

e Innovative activities of companies in Mace-
donia according to statistical data of the State
Statistical Office, European Commission and
Knowledge Center;

e Systematized approach to encourage and
guide the innovation processes by selecting
the appropriate model;

¢ Conceptual innovative framework, for manag-
ing, evaluation and proper implementation of
the innovation process.

For the purposes of research and methodo-
logical approach outlined in this paper, expected
results include:

e Perceiving and self-awareness of the meaning
and importance of innovation, to maintain and
develop companies;

¢ (Creating an innovative conceptual framework
/ model for continuous balanced management
and evaluation, regardless of the industry in
which the company participates;

¢ By introducing of the innovative processes, to
provide support in achieving its goals for a
competitive edge and development;

e Improve the overall performance of the com-
pany, by reducing costs, reducing the time
frame for exit at the market, increased pro-
ductivity, efficiency, sales, profits and other
indicators;

e C(Creating a creative and dynamic work envi-
ronment, infiltrated in the mental structure of
everyone involved, i.e. employees.

INNOVATION AND PATENTS

There are quite definitions of what is an inno-
vation, all directed to the most appropriate empha-
sis on their importance for companies and the
benefits they provide themselves. In addition, will
be revealed a few:

» Innovation is something new, triggered by the
opportunity or idea, which is followed by ap-
propriate changes which are inevitable, pro-
viding value and improved performance for
the organzation.

» Innovation does not only apply to non-existent
and completely new product or service, but
cover a variety of aspects of the everyday op-
eration of enterprises, whether it is a new
technology, a new method or a new process.
We should think of innovation in the sales
process, ongoing production process or the
ongoing marketing process. All of that repre-
sent an innovation.

» Innovations are the changes which add value
and are supported by continuous improve-
ment. They represent the exploitation of the
opportunities for creating a difference on the
market and competitive advantage. Innova-
tions have multiple forms and can co-exist, be
interactive and to build on with each other as
part of an ecosystem, or as part of an value-
economy [2].
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Classification of innovation

For the most appropriate specification of in-
novative perspectives and highlighting the enor-
mous opportunities, provided by such activities, in
the sequel, we will mention only a few basic divi-
sions of innovation, by which we will further ex-
plain better the aspirations to establish and create a
dynamic conceptual innovative framework of ac-
tion.

The categorization also helps in the measure-
ment of innovation, enabling comparison of per-
formance and recording or evaluation of decision
making that may lead us to a real improvement or
timely generating the best solutions for return of
funds, depending on the investments themselves.

Generally, there are four types of innovations:
product innovation, process innovation, organiza-
tional innovation and marketing innovation [3].

According to different impact of innovation,
or the scope itself, common types are: partial in-
novation, radical innovation and transformational
innovation [1].

Depending on whether there is cooperation on
external entities, i.e. increased collaboration in ap-
proaches for implementation of innovations, we
may classify them as closed innovation (without
cooperation) or open innovation (active coopera-
tion).

Throughout history, with time, evolved a va-
riety of innovative models for monitoring and
managing innovation processes, from a linear
model, “technological push'' and “market pull”,
cyclic innovation model, right up to the "'Stage-
Gate'' model, for whom we will talk more broadly
in this paper.

Patents

When we talk about innovation and their sig-
nificance, it is necessary to mention the importance
of protecting them and the possibility of patenting,
toward adding an additional value for a business
organization.

A patent is a monopoly right granted by a na-
tional or regional patent office to an inventor who
has created something new, useful and non-obvi-
ous; e.g. an innovation in the pharmaceutical sector
that results in a new headache pill or a new tech-
nology used in computer hardware. Obtaining a
patent to cover an invention or new technology
enables its creator to prevent others from using,
selling, manufacturing or otherwise copying the
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innovation without permission for a limited period
(generally 20 years, subject to the payment of
maintenance fees). In return, the patent owner dis-
closes details of the innovation behind the inven-
tion as part of the patent application, thereby en-
suring that the technology enters into the public
domain where it can be used freely once the patent
expires [4].

By providing the patent owner with a legal
means to prevent others from exploiting the pro-
tected invention, patents provide a crucial method
for inventors to obtain a return on the investment
in research and development that led to the crea-
tion of that new technology. In general, patents
will also help to prompt further innovation in the
sector, as rival companies seek to develop their
own solutions or technology to retain their com-
petitive edge [4].

Patents do not protect an ‘idea’; it is the tan-
gible description or realization of that idea (e.g.
drawings, prototypes or records of the research)
that allows an idea to become an invention that is
capable of protection. Only products or processes
that contain or possess new functional or technical
aspects can be patented. This could be an entirely
new product, an enhancement to an existing prod-
uct or a new or improved process [4].

Similarly, an invention must fulfil certain cri-
teria of patentability. This can differ according to
the country or region in question but, in general,
will include the need for the technology to be:

e ‘New’ — does the invention already exist (e.g.
has it already been created by another inven-
tor)? Has the inventor already disclosed the
innovation (e.g. through publication) any-
where in the world before the application date.
If so, it will not meet this criteria of novelty
[4].

e Obtained as a result of the activity of inven-
tion (‘inventive step’) — this requirement will
generally have been fulfilled if, when com-
paring the invention to what is already known,
the innovation would not be obvious to some-
one with experience and knowledge of the
subject matter of the invention [4].

¢ (Capable of industrial application — the inven-
tion or new technology must be capable of be-
ing used in a current technical application, so
that it can be made or used in some kind of
industry, i.e. it must have a practical applica-
tion [4].

e Most national patent systems also restrict or
block from patenting, discoveries in certain
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areas; e.g. scientific theory and mathematical
methods; computer programs as such; new
animal or plant varieties; and methods of
treatment and diagnosis [4].

A patent is not a right to practice or use the
protected invention; instead, it provides the right to
exclude others from doing so. As such, the empha-
sis is on the patent owner to monitor for misuse
and to enforce the right via infringement action
where misuse is found [4].

A patent is an item of (intellectual) property
and, like any other property right, may be sold,
transferred, licensed, mortgaged, given away or
simply abandoned [4].

Additionally, patent protection may allow us
a strong market position, high return on invest-
ment, increased negotiation power or positive im-
age of our company.

INNOVATIVE ACTIVITY
OF THE COMPANIES IN MACEDONIA

Innovation as a concept does not represent a
"gray area" for the companies in Macedonia, but
still, creation and maintenance of a modern inno-
vative enterprise is a major challenge.

According to the survey, conducted by the
State Statistical Office, during the period of 2010 —
2014, in terms of innovative activities in the com-
panies, statistical data are released, on how many,
where, and how much influence they have to pros-
perity or maintenance and development of enter-
prises.

Therefore, we may observe (Table 1) that
companies in Macedonia (from 2012 to 2014) in-
novate relatively little or only 34.8% by SMEs of
total number of innovative enterprises in the coun-
try. Which means that 65.2 % of innovations are
made by big companies, but still, they are not so
much involved, considering the total number of
business entities in the Republic of Macedonia.

Table 1
Business entities by innovations and size
2012 - 2014 [5]

Innovative Non-innovative
Size Total
Number % Number %
Small 2333 774 332 1559 66.8
Medium 549 230 41.9 319 58.1
Large 115 75 65.2 40 34.8
Total 2997 1078 36 1919 64

Also, it is obvious that innovation activities
are mainly related to the product or process, or-
ganization or marketing and very small percentage
of them practice the both types, ie only 19.1% (Ta-
ble 2) of the total number of enterprises.

Table 2

Business entities by types of innovations
2012 - 2014 [5]

Product and Organizational Product/process and
) process  and marketing organizational and
Section  jnpovative  innovative  marketing innovative

N % N° %o N° %
Total 400 37,1 386 358 206 19,1

In the table of sales markets, however (Table
3), impact of innovation on market competitive-
ness and market advantages is evident, compared
to those who do not undertake and implement such
a concepts. Thus, the percentage of sales, outside
the country (global market) for innovative compa-
nies is significantly higher, unlike to non-innova-
tive.

Table 3

Markets of sale of products/services
2012 - 2014 [5]

Innovative business Non-
entities innovative
P (0]
NC % N % N° %

137 343 133 345 546 285
243 60.8 274 71.0 557 29.0
EU and EFTA markets 221 553 251 65.0 652 34.0
195 48.8 207 53.6 163 8.5

Local/regional market

National market

Other countries

P = Products and process innovative;
O = Organizational and marketing innovative

As we can see from Table 4, in relation to the
cost of innovation activities, companies in Mace-
donia are investing mostly for the purchase of
equipment, machinery, software and buildings or
59.5% of total cost and the least for collaborative
activities, i.e. cooperation and gaining knowledge
from other enterprises, only 0.8%.

It speaks a lot about conservativeness in the
exchange of information and new knowledge be-
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tween companies, which certainly hampers and
reduces the possibilities of creating a fully com-
mitted and innovative working environment, striv-
ing for continuous improvement and development
of the organizations.

Table 4

Expenditures for innovation activities in 2012 [5]

Expenditures for innovation activities (%)
1 2. 3. 4. 5.
Total 6.4 214 59.48 0.8 11.9

1. = In-house R&D.

2. = External R&D

3. = Acquisition of machinery, equipment, software and buildings

4. = Acquisition of existing knowledge from other enterprises or
institutions

5. = All other innovation activities including design, training,
marketing and other relevant activities

In that context, in Table 5, will be presented
statistical data on cooperation of innovative com-
panies in the country and their relations with other
enterprises and institutions.

Table 5

Innovative business entities with or without active
innovation co-operation with other business
entities or institutions, 2010-2012 [5]

Cooperation Product Process  Product and process
innovative innovative innovative

With active

cooperation 34.6 % 32.1 % 43.1 %

Without

cooperation 65.4 % 67.9 % 56.9 %

We can notice, that whether it comes to im-
proving and/or developing a new product or proc-
ess, active cooperation with other business entities
or institutions in the field of innovation is signifi-
cantly lower, compared to innovation without co-
operation, which certainly is a field that needs to
be paid special attention, in order to increase op-
portunities through the collaborative activities of
enterprises.

In addition, we will briefly refer to another re-
search done by Knowledge Center (Research and Man-

agement Company, based in Skopje) for the period from
2010 to 2013.

Thus, 2/3 of the companies in Macedonia in-
vested in innovative activities to develop new
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products and services, investing mostly in equip-
ment, machinery and technology, or an average of
about 12,000 euros per year. Of those, only 31.4%
invested and introduced a new and significantly
improved production processes while 13.7% have
not done any intervention in its operational proc-
esses [6].

Macedonian companies despite the fact that
they are investing and starting new projects, they
did not commercialize innovations and nearly two-
thirds of its revenues come from old and existing
projects, only 13% comes from products/services
that are new to the company and about 20% of
products that are new to market [6].

But the fact that 52% of companies aban-
doned some innovative projects in the period from
2010 to 2013 is the biggest concern [6].

The conclusions of these surveys indicate that
the companies in Macedonia have increasingly in-
novative thoughts and activities but they succumb
in the implementation and realization of the same.
In this exact context, in addition, we will create an
innovative model or an strategy that as a concept
may be easily adaptable to any business environ-
ment and provide appropriate management and
evaluation, monitoring and managing innovative
processes in order to achieve its goals.

CONCEPTUAL INNOVATION MODEL

When creating an innovation business envi-
ronment, the flow of information and ideas is of
critical importance. That, in itself, requires an ex-
ceptional level of collaboration. Generating ideas
is also the key cog in these processes as well as
choosing and polishing them. This plays an im-
portant role in innovations as a whole. However,
the management and monitoring of these creative
processes in order to reach the most appropriate
decisions for solving actual problems or identify-
ing possibilities through worthwhile changes for
the company, has to be supported through a model,
i.e. a structure that enables us to lead them.

Models and classifications for managing in-
novations were mentioned previously. The choice
mostly depends on the company's structure, its
aims, the industry, the community, the market, as
well as the strategic goals of the business itself. All
these parameters refer to the choice of the innova-
tion model, and this choice represents a "tool" that
helps us make the most appropriate decisions re-
garding innovations.
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For us to be able to create a dynamic innova-
tion working environment, first of all we need to
have the convenient conditions, meaning to apply
certain methods and principles for increasing the
creativity and encourage innovation in the com-
pany. Therefore, we need to enable a high level of
collaboration (both internally and externally), self-
expression, freedom of expression and sharing of
ideas, conquer the fear of change, face the chal-
lenges and try to find opportunities which offer
chances to increase the value. We need to be flexi-
ble, break routines, hold "brainstorming" meetings,
follow customers' interests and ask questions of the
community and the competition, recruit competent
and skilled personnel and to have a dynamic sug-
gestion scheme.

Features and benefits required
by innovation model

An appropriate innovative model seeks to
provide representation, which can help in under-
standing and functioning of everything related to
bussines environment. Some of the attributes that
should be considered in an innovative model are as
follows [7]:

¢ Simplicity — whether the model is easy to un-
derstand and use?

¢ Descriptively — does it provide a detailed ex-
planation, simile or kind of imitation (while
using)?

e Measurable — whether the model allows you
to measure and provides evaluation of alter-
natives?

¢ Predictability — when assumptions of the
model are correct, whether it provides itself
adequate probability for prescribed outputs?

¢ Timeliness — whether the model provides
evaluation, measurement and insights that of-
fer innovative opportunities in a certain time
frame, which will lead to success?

To have available innovative model, which
represents some kind of leverage, i.e. facilitates
and provides an understanding of the changes, can
make a huge difference in the longer term, consid-
ering survival and progress of the business.

An effective model [7]:

¢ Provides a conceptual framework (structure /
plan / base) and promote innovative thinking;

e Helps earlier identification of new sources of
innovation;

¢ Allows better timing of market introduction;

e Assists in finding innovative opportunities re-
lated to the time frame required for business
operation;

e Decreases the probability of competitive dis-
ruption;

e Increases the return on innovation investment;
Improves the ability for anticipation, i.e. pre-
diction of innovation necessary;

e Maintains competitive advantage and enables
long-term evolution.

Innovation model for managing
and implementation of innovation processes

Innovations promote the need for constant
change and rebuilding and thus influencing all ar-
eas of the business. The possibility to increase the
business' value through innovations is the key
driver behind the success of most organizations.
Markets in which, we enter to compete or maintain
competitiveness offer possibilities but also risks,
due to fast alterations.

As stated earlier, the innovation model offers
a conceptual framework to identify and further de-
velop ideas for change, which have the biggest
chance to generate value required to maintain
growth. Of course, the best model is the one which
best fits the culture and there market where it's be-
ing used, the products/services offered and the
business' model as well as the organization itself.

The most appropriate model for developing
and an innovation working environment or organi-
zation, with the general features required such as
simplicity, describability, measurability, predict-
ability and punctuality as well as the support it
gives for reaching the best decisions would be the
"Stage-Gate" model (Figure 1).

"Stage — Gate" is a business' process that cre-
ates values but it's also a certain risk model, de-
signed for quick and profitable transformation of
the best organizational ideas in actual products or
services [8].

"Gated" innovation models/processes are
cross-functional in their nature, they require a high
level of coordination and communication in every
segment of the business (sales and marketing, re-
search and development, operativeness, finances,
etc.) to provide suitability or reach the best possi-
ble solution or decision.

Decisions, completed on each port, basically,
need to support the changes in a process that the
organization required and thus leading to the or-
ganization's success.
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Fig. 1. "Stage-Gate" model for managing innovation processes [8]

Each successive gate in the innovation funnel
reduces uncertainty that would prevent additional
investment. The decisions made provide evidence
of meeting established factors needed for success.
Factors that facilitate change are increased while
factors that work to resist change are reduced.
Needed communication and education are built
into the process [8]. Research and activities in each
"stage" results in an appropriate decision in the
next "gate" to proceed with process or stop the
same or, in some cases, return to the previous
"stage" and refine it, in order to provide great con-
ditions for continuous innovation activities, i.e.
innovation process, respectively:

e Idea identification — Ideas are evaluated for

further resourcing. Criteria will often demon-
strate the ability to be accommodated in the
current business model, although spinoffs may
be supported. Balance must be developed that
will promote promising ideas while prevent-
ing being overwhelmed by evaluation of too
many ideas [8].

Concept validation — The concept is devel-
oped enough to determine the investment
needed to validate key elements of viability
such as value proposition, competitive ad-
vantage, and likely returns [8].

Demonstration development plan — A plan
is developed to provide a proof of concept
demonstration to customers. For startups, this
could be a product that might be used with
non-paying customers. This plan will seek to
minimize investment needed to validate key
hypotheses with targeted customers. A dem-
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onstration vehicle that can accommodate
quick and low cost requirements changes will
accelerate the learning process [8].

Customer value validation — The value to
the customer is established through their in-
teractions with the demonstration product.
Metrics that show causality will provide the
learning that will continue to reduce uncer-
tainty [8].

Growth plan — commitment to commercial-
ize — For businesses with an established busi-
ness model, the plan for full commercializa-
tion is developed. This may be the entry busi-
ness gate to the more predictable (knowable
risks) development process. For newer busi-
nesses, investment is made to develop a prod-
uct that can scale as business grows [8].

An innovation model such as this one, im-
plemented and used in particular organizations,
enables an innovation framework to take us
through the process where every successful "gate"
in the innovation "funnel”" reduces the uncertainty.
This uncertainty could in turn, lead to additional
and unwanted investments, thus increasing the
costs of the whole process.

Additionally, the model increases the com-
munication between those who are involved. The
communication has to be at the highest level to
enable the creation of innovation value, both for
the customers and the organization.

The possibility of archiving the evaluated outcome
and the suitable polishing throughout the process, as
well as, their reuse, improves the security. In other
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words, it reduces the risks, which of course, enables
positive performance of the system in general.

First of all, we should establish what it is that
we want to improve and where, meaning which
business segment will be subject to change. That is
to say, establishing is a clear vision and target is
necessary.

Multiple factors can help define the aims
which are interconnected and most frequently
based on:

e problems or failures of the current state,
e customers' demands,
® competition pressure,
e self-initiative for innovation and growth.

The first factor, problems or failures due to
the current state, emphasizes an already existing
starting point in the direction of changes and im-
provement and they can refer to: increased ex-
penses, decrease in sales, decrease in manufactur-
ing, decrease in profits, dated technology, staff
changes, etc.

The formal methods for defining and solving
problems could lead to improving as well as in-
crease the creativity and thoroughness of analyzing
possibilities which would reduce business risk and
improve innovations.

These issues encourage a fitting innovation
change, meaning that increased expenses will initi-
ate innovation that will lead to their decrease by
evaluating the financial portfolio and detecting the
area where they are the biggest (suppliers and re-
sources, manufacturing, marketing, services, sales,
research and development, management etc.).

Customers' demands is one of the most
wanted scripts of a innovation company ideally has
built good communication with its clients. These
demands can refer to: improved quality, improved
convenience, improved services, timely delivery,
greater flexibility etc. All these demands connect
us directly with the demands and the emphasis is
on achieving the aim during the innovation proc-
ess. Therefore, the demands for better quality, will
initiate the creation of innovation process in the
manufacturing area, which in turn can lead to im-
plementation of new technology and innovation in
technology in order to fulfil the target.

Competition pressure is very useful for many
innovation companies and refers to the market
coverage, our community and its influence. Com-
petition can help us address the business' weak-
nesses through: insufficient market coverage, poor
marketing, decrease in sales, more expensive prod-

ucts/services, less quality etc. Of course, we will
also refer to something which was previously men-
tioned, asking questions of the competition during
a period of time, which helps in following them but
also being different.

For example, poor marketing will initiate
changes in the same area and with proper market-
ing strategies, i.e. innovation processes we will
focus towards maintaining competitiveness.

It's also worth pointing out that, innovation
cannot be limited to only one business' area, the
process itself involves changes in the organization
as a whole, which again underlines the importance
of cooperation and information flow.

Self-initiative for innovation and growth re-
fers to the search and identification of opportuni-
ties and comprises all previously mentioned fac-
tors. In this case, the definition of the aim, which
triggers the innovation process, is completely un-
der our command and we pose the directions for
improvement ourselves.

Building a working environment where self-
initiative is the main driver of the business is
something we all should aspire to because that en-
ables us consistent growth and value creation.

Managing the innovation process

Innovation management clarifies, i.e. defines
the decisions, activities and practices that drive the
idea towards realization, in order to generate busi-
ness value. Identification and success in imple-
mentation of the innovation and the repeatability
and continuity of themselves, is a key objective of
innovation management.

Regardless of which innovative paradigms,
i.e. models will adapt and use, there will be con-
crete performance indicators (KPI — Key Perform-
ance Indicators), which can be developed by for-
malization of specific innovation process.

Innovation is fairly complex concept com-
posed of several steps and always occurs in a con-
text. Some of the factors in this context may be
helpful / useful to us, and some harmful. Visuali-
zation and connections of useful and harmful fac-
tors in an innovative process and achieving sus-
tainable improvement are presented in Figure 2.

Effective innovation recognize the benefit and
harm in every situation, barriers and constraints,
previous (past) successes, the enablers and re-
sources, available for guidance, i.e. driving im-
provement and managing each of them respec-
tively.
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Fig. 2. Innovation improvement process [2]

The visual model, presented in Figure 2 is an
example of a formal method for innovation. Such
methods can be used to structure the creativity and
innovative analysis of resources and opportunities,
in attempts to reduce risk and increase confidence
in innovative approach. Each symbol and color has
its own meaning.

As shown, the current state is harmful (risky,
unstable), but not sufficiently harmful to cause any
improvement activity. This improvement activity is
actually created by some initiative (stimulating,
causative) event, which is a result of harmful situa-
tion. Stimulative event is inevitably harmful, but
actually, here we consider it to be useful, because
initiate activities and changes for improvement.
Improvement activities however, create target
state, which is useful and results in sustainable
improvement as much as the innovation is realistic
and viable in itself.

Key performance indicators

First of all, we should mention that all KPI
(Key Performance Indicators) are indicators that
needs to be combined with specific, i.e. concrete
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facts that could be helpful in making concrete
business decisions, in terms of improvement and
development.

Innovation is all too often about balancing
tensions and ensuring conversion of ideas or in-
vestment or sales leads into tangible value. Many
of the KPIs below are expressed as ratios, for ex-
ample: the ratio of new product revenue : old
product revenue, provides a measure of the pace
of innovation; if this ratio decreases, it indicates
that innovation is falling behind obsolescence, so
costs could increase and new revenue decrease [2].

Conversion ratios for each step in the innova-
tion process / value stream [2]

» Ideas : Ideation campaigns

» Ideas that reach concept design : Ideas

» Implemented designs : Concept designs

» Ideas that sell : Implemented ideas

» Ideas that make a profit : Ideas that sell

> Sales : Target customer base

Financial & market measures [2]
> Revenue from new products or services
» Profit from new products or services
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» New customers from new products or ser-
vices

> New segments and sector entry from new
products and services

Holistic ratios for the rate of renewal of the or-
ganization [2]
> Sales from new products & services : sales
from existing products & services
» Profit from new products & services : profit
from existing products & services
» Customers on the new products : customers
on the old products
» Rate of transfer of capital investment to new
capabilities

Balancing the desire to innovate with risk man-
agement [2]
» Verified knowledge : Unverified assumptions

» Effort spent on implementations : Effort spent
on concept development

Innovation competency / Effectiveness / disci-
pline / Repeatability [2]

» Use of formal creativity tools & techniques

» Use of formal idea management tools & tech-
niques

» Use of formal problem solving tools & tech-
niques

Growth and sustainability measures [2]

» Revenue from new products & services;
Profit from new products & services

» How much have your customers increased
their success (quality/sales/revenue/...) or re-
duced their cost due to use of your products
and services

» Rate of return on innovation investment (how
sustainable is your innovation)

» Market share growth from new products &
services

» Brand awareness and stickiness (those who
stay on new product : those who leave)

» Patents created per year : Marketshare pro-
tected by patents

» Revenue protected by patents : Revenue gen-
erated from lisencing patents

Everyone has a different view of what Inno-
vation is — and how to best innovate to improve
company performance, or better help clients. Set-

ting clear KPIs are a way for the leadership team to
get everyone pulling in the same direction — both
in terms of what they are trying to achieve, and
how they are trying to achieve it. More sales can
be achieved by reducing price, increasing quality,
improving brand awareness, creating ‘“product
stickiness” and a thousand other ways... but typi-
cally you need a focused strategy to succeed and
avoid confusion amongst your staff and your cus-
tomers [2].

The important thing to be known is that inno-
vation involve risk, to the same extent as their po-
tential. Therefore, there must be included a moder-
ate control. Innovation has to be practical and to
balance the approach to themselfs.

Thus, we can freely say that innovation man-
agement quickly became a major factor in ensuring
sustainable business.

Some of the main advantages with the proper
functioning of it self includes:

¢ Improvement of the timeframe for market in-
troduction;

e Ability to maintain or improve business mar-
gins;

e Provides access to new customers and mar-
kets;

e Increased market share;

¢ Improved and long-lasting competitive advan-
tage;

¢ Increased engagement and initiative of em-
ployees;

e Increased satisfaction among consumers;

¢ Sustainable increase in shareholder return on
investment.

Decision making framework (structure /
model) ensures the complete innovation environ-
ment, aided by an innovation management. Thus,
simultaneously identifies the type of innovation,
along with the context of evaluation, potential
value and necessary influence and scope, for pro-
viding efficient investment choice

EXAMPLE FOR PRACTICAL APPLICATION
OF INNOVATION MODEL

For convenience, the application and the im-
portance of implementation of the innovative mod-
el in the everyday functioning of a company,
which is striving for growth and development, we
will present a case study, most appropriate to re-
spond to the main features required of it and pro-
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vide support into the implementation of innovative
processes and their proper management.

First of all, we should mention that it is about
a company engaged in the production of confec-
tionery products, better said, acts in the sector of
the food industry, but for the protection of personal
details, we will refer to it as company "X" which
belongs to the group of medium-sized enterprises
with 55 employees and even more specifically, it’s
a company which is producing marmalade and jam
for retail.

It has one production line, warehouse, labor-
atory for development, distribution channels as
well as commercial and marketing as key sectors in
the enterprise. The team, formed to research, seek-
ing opportunities and implementation of innovative
processes, is composed of representatives from all
the sectors of the company, with appointed team
leader.

The example shows the development of a new
product which is already implemented in the com-

pany, but we will reformulate it as well as the pro-
cess of adding value through innovation activities,
presenting an innovative model, which actually
sums up the theoretical and conceptual approach
given in the past presentation.

The team, formed to provide and implement
innovative activities in the company, aims, or
stands for innovative process, looking for opportu-
nities that will increase market coverage and meet
the demands and needs of consumers, ensuring a
competitive and total asset growth of the company.

Innovative activities will be guided by the
"Stage-Gate" model, but it will be further modified
and supplemented by adding the main principles of
theoretical systematization, creating an innovative
business environment.

The visual representation, of the model
through which will guide to the most adequate
management and making the right decisions, risk
reduction and safer drive towards innovative value
is given in Figure 3 and shall explicate.

Collaboration

| Encouraging Innovation ] | Increasing Creativity ]

| Thinking as a Designer I ICommnnication of Idelsl | Asking Questions I

Stage - Gate
Identify Concept Demo Customer Growth
Ideas Validation ~ Validation Plan
* Evaluate ideas | = Determine * Proof of = Establish *Planto
= Resource ideas investment concept customer value commercialize
« Alignto = Validate * Validate * Hands-onuse | * Develop
business model viability hypotheses of product product that
» Balance = Adapt quickly # Learn from can scale
portfolio metrics
Gate Gate Gate Gate Gate
1 2 3 4 5
Intelligence
ntomer Develop Product
Marketing 2000 - 3012 Dacisien Inovation, Ine

Research

Innovation Management & KPI

Fig. 3. A complete innovative conceptual model
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As presented, Figure 3, innovative directions of
functioning, first of all, has to be supported by a
high level of collaboration, internally and exter-
nally. Collaboration itself, in an interdependent rela-
tionship with other key factors in the innovative
strategy, complements the inevitable aspects of suc-
cessful innovation. Therefore, innovation team, of
company "X", at first, have the task to undertake the
following activities, ie encouraging innovation and
increase creativity. In that context the innovation
team of company "X", is directed towards the design
thinking, ie monitoring of customers (existing and
potential) in several aspects, detecting the real prob-
lems, frequent "brainstorming" meetings etc. All
these activities lead up to generating of a multitude
of ideas, which are still just the product of human
intuition, those ideas has to be adequately communi-
cated. This communication of ideas, by the innova-
tion team of the company "X" are performed inter-
nally within the company and externally. Communi-
cation is mutual with clear and specific feedback
information and carried out by competent persons,
internally and externally.

In accordance with the goals of the company,
the team uses its excellent collaborative relations for
asking questions. Questions for the customers (cur-
rent and target), for the community and for competi-
tors (current and potential).

All these interdependent factors in order to
provide the basis for implementation of innovation
process, additionally supported with freedom of ex-
pression, lays the foundations upon which the com-
pany "X" will move far more secure and stability
towards "Stage-Gate" innovation model.

Stage 1: Identify ideas

High levels of collaboration, the design- think-
ing, the communication of ideas, the questions asked
by the innovation team of the company "X", and the
multitude of "brainstorming" meetings, in a context
of the objectives, with special focus on meeting the
demands and needs of consumers, have exposed the
following ideas:

e Expansion of current production line in order to
increase production of the current range;

¢ Expansion of the product line and production of

related products;

Technical modernization of machinery;

Modification of packaging;

Completly new products;

Modification of current products;

Increasing marketing investments;

New production line for producing fruit juices;
Staff training;

Product patenting;

Product branding.

According to the presented ideas and great
communication of the same, with all those involved
and the community, as well as market research, it’s
made the most appropriate evaluation of them. As
we have already indicated, innovation activities, un-
dertaken by the team of the company "X", will be
driven by market demand and needs. It leads to the
reduction, ie refining of the enclosed ideas and tak-
ing into account those that have the highest demand
and mostly fits to the business model of the com-
pany.

Market research and uninterrupted communi-
cation and connection with consumers suggest spe-
cific demands in terms of the production of mar-
malade. This first of all refers to the specific appli-
cation of marmalade or deficient market opportu-
nities for modified features of marmalade and its use
as raw material in other end products.

Gate 1: In this context, a team leader, in co-
operation with other team members, evaluate the
following ideas:

e Modification of the current products;
e New production line;
e New package.

Stage 2: Concept validation

Research of the market, competitors and con-
sumers, in terms of ideas for modification of current
product, a new production line and new packaging,
in accordance with demand and required investment
demonstrate exceptional differences in the financial
portfolio.

That means additional investments in the con-
struction and implementation of a new production
line or additional investments in special new pack-
aging machine.

Under its current capacity of the company "X",
the financial viability of the ideas will define the
modifications of the current product as the main
innovative activity, building a business plan based
on past experience, which will enable production of
marmalade with special features, used as raw mate-
rial in another end product.

Gate 2: The team leader, in accordance with
the other team members of the company "X", gives
an affirmative answer for continuation of innovation
process, aimed at producing marmalade with special
features and appropriate needs, i.e. application.
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Stage 3: Demo plan

In conformity with our research and profes-
sional expertise of the innovation team, a business
plan for producing marmalade as raw material, is
appropriately adapted according to the capacity of
the company and existing product lines. The product
which would be implemented in the production line,
for testing the same with consumers, requires a
modification of the characteristics of existing mar-
malade in producing of the company "X". In coop-
eration with target market/customers, the innovation
team, decides to adjust the production of raw mar-
malade for a croissant and marmalade as raw mate-
rial for a biscuit cake on the existing production line.

Development of a new product according to the
requirements and market needs, is based on the dif-
ferences in the structure of its, or more precisely,
marmalade for croissant and biscuit cake is quite
stable, comparing to the current marmalade that is
produced for retailing in markets. This means that
technologist, who is part of the innovation team of
the company "X", in collaboration with other mem-
bers should come up with a solution to additional
features of raw marmalade that will not allow rapid
waste of the end product.

Therefore, according to the requirements and
market needs and deficiency (which occurs as op-
portunity) of marmalade as raw material in another
final product, is implemented in production. Current
production capacities allows certain additional work-
ing hours on production line, which will be fulfilled
for creating prototype of the new product.

Gate 3: Once all conditions are provided, the
team leader allows production of marmalade as raw
material, with special features, for presentation and
testing with targeted consumers.

Stage 4: Customer validation

Once the new product is tested by targeted
market, the next step is research, in terms of ac-
ceptability by customers. These collaborative rela-
tions and the research itself as a feedback provides
specific requests from the customers, according to
the product features, respectively:
¢ Demand of marmalade as raw material in end

product croissant, which has the following char-
acteristics:

¢ Durability in croissant of 9 months minimum;

e To be able to inject into croissant with a sy-
ringe;

e The percentage of fruit to be of 30 — 40%;

e Target price to be less than 2 euros per kg;
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e To be shipped in large quantities (> 200 kg).

« Demand of marmalade as raw material in end
product biscuit cake, which has the following
characteristics:

¢ Durability in the end product of 12 months min-
imum;

e To be liquid enough, so you can rub it on eas-
ily;

¢ The percentage of fruit to be of 40 — 50%;
Target price to be less than 2.5 euros per kg;

¢ To be shipped in 10 kg packaging.

Gate 4: Due to the similarity of the products,
the team leader, in collaboration with other mem-
bers, and above all, with technologist, responsible
for development and modification of new products,
makes a decision for production of both types of
marmalade.

Stage 5: Growth plan

A plan for commercialization of marmalade, as
raw material for croissant and biscuit cake, accor-
ding to attached demands and research of the market
and consumers as well as quantitative demand, leads
to further discussions of innovation team and revi-
sions of current opportunities in terms of capacity.
That in turn leads to further research and activities,
for eventually to come to decision that it should be
extended the current production line, by buying and
installation of a new machine for production.

The financial portfolio, which is well handled,
allows such an investment and business plan for
commercialization and growth, projecting return on
investment in the second quarter of the work.

Gate 5: Newly developed products, or modi-
fication of existing marmalade for a retail sale in
markets, to marmalade as a raw material for crois-
sant and biscuit cake does not disrupt the current
market on which we act and operate, but instead al-
lows capture of larger market, and thus entail in-
creased productivity of the operation and better per-
formance of the investment portfolio.

This innovative process is mostly based on
maintaining and refining through the "Stage-Gate"
model complemented with management portfolio at
the level of each stage. The answer to whether well-
managed the innovation process is, we receive it at
each gate.

Key performance indicators in turn, derived
from relations, which in the present instance are
mostly related to:



30 N. Manuse, G. Vrtanoski

Financial & market measures

Revenue from new products or services;

Profit from new products or services;

New customers from new products or services;
New segments and sector entry from new prod-
ucts and services.

Holistic ratios for the rate of renewal of the or-
ganization

e Sales from new products & services : sales
from existing products & services;
e Profit from new products & services : profit

from existing products & services;
e Customers on the new products : customers on
the old products;
e Rate of transfer of capital investment to new
capabilities.
Growth and sustainability measures

e Revenue from new products & services; Profit
from new products & services|

¢ How much have your customers increased their
success (quality/sales/revenue/...) or reduced
their cost due to use of your products and ser-
vices;

e Rate of return on innovation investment (how
sustainable is your innovation);

e Market share growth from new products & ser-
vices.

CONCLUSION

Innovations and their implementation in a
modern business environment, in order to provide a
competitive advantage, development and mainte-
nance market is extremely important for any com-
pany. Studies, which are specifically targeted to-
wards innovative activities of Macedonian compa-
nies, pointed to problems in terms of running
through these processes. In this context, building a
successful innovative organization requires creating
a kind of innovative structure, i.e. framework or
model. Building this model consists of several basic
principles in providing a business environment con-
ducive for a smooth and most appropriate implemen-
tation of innovation in companies. These principles
are guided by several key elements, i.e. perceiving
and self-awareness of the meaning and importance
of innovation, increased levels of collaboration and

creativity, which on the other side, will naturally
encourage innovation, generating ideas with the
greatest potential and appropriate guidance through
the process by managing decisions and measuring
performance.

The most appropriate model that fits every or-
ganization, regardless of the industry in which they
operates, providing specific advantages in terms of
its practicality and support of innovative processes,
is the "Stage-Gate" model.

This model provides key attributes for under-
standing, monitoring and acting in an innovative
working environment, which are: simplicity, de-
scriptiveness, measurability, predictability and time-
liness. It certainly needs to be properly managed,
and it is subject for extracurricular activities, which
are provided with systematized approach to create
proper conditions for innovative aspirations.

However, we should mantion that innovative
processes are the fruit of creative ideas and thoughts
and can’t be completely managed by strict rules and
regulations. For adequate decision-making, with par-
ticular emphasis on increasing collaboration within
the organization, this conceptual innovative frame-
work is a huge benefit, providing support for com-
panies and a roadmap for successfully creating inno-
vative value and business development.
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A bstract: The launch of electric vehicles and ITS initiated new challenges for design related ergonomics in
the vehicles, especially in the field of Human Machine Interface (HMI). This research is motivated by the necessity
for evaluation of current ergonomic and design solutions of contemporary vehicles powered by internal combustion
engine, from one side, and electric vehicles, on the other side. The presented study included a review of available lit-
erature and regulations, state of the art, as well as operational analysis based on detailed comparison between vehi-
cles. An assessment has been done between two existing vehicles of the same model, the first one powered by the in-
ternal combustion engine, and the other one powered by an electric engine. The information displays, vehicle controls
and secondary vehicle controls of both vehicles were carefully analyzed and compared. The results of the study are
presented as a source of preliminary understanding of the newly developed technology for designers and other pro-
fessionals.

Key words: electric vehicle; ergonomics; intelligent transport systems; human machine interface; vehicle design

UHTEP®EJC IIOMEI'Y YOBEKOT U MAIIIMHATA KAJ KOHBEHIIUOHAJIHUTE
U EJIEKTPUYHUTE BO3UJIA - CHOPEJABEHA CTYJIUJA

A mcTpax T BoBenyBamero Ha eNCKTPHYHM BO3WJIA M Ha MHTEIMreHTHU TpaHcnoptHH cuctemu (MITC)
Npequ3BUKa HOB IPHUCTAll KOH eproHOMHUjaTa MOBp3aHa CO [M3ajHOT Ha BO3WJaTa, MOCEOHO BO oOjacTa Ha
uHTepdejcot nomery yosekor u maurHata (HMI). OBa uctpaxxyBame € MOTUBHPAHO OJ] HEOMXO/JHOCTA [1a CE OLICHAT
IIOCTOJHATE €PrOHOMCKH M JM3ajHEPCKH pEUICHHja Ha COBPEMEHUTE BO3MJIA IIOTOHYBAaHH CO MOTOP CO BHATPEIIHO
COropyBame, O €lHa CTpaHa, W eJEeKTPUYHUTE BO3MIA, O Ipyra crpaHa. Cryaujata BKIydyBa INperjies Ha
PacIoIOXKIINBATA JIUTEPATypa M IPOIUCHUTE, COCTOj0aTa BO 00JacTa, KAaKO M ONEpaTHBHA aHA/IM3a 3aCHOBAaHA Ha
JietanHa cropenda nomery BoswiaTa. M3BpuieHa e crniopeadeHa NpolieHa Ha JABE MOCTOJHU BO3WIA O] HCT MOJEI,
IIPBOTO HOT'OHYBAHO CO MOTOP CO BHATPEIIHO COrOPYBamE€, a BTOPOTO IIOIOHYBAHO CO €JeKTpoMoTop. BanmarenHo
Ce aHaJM3UPaHU M CHOpPEeNeHH MH(OPMAIMOHMUTE JUCIUIEH, KOMAHAUTE, KAKO M CEKyHIApPHUTE KOMaHIHM Ha JBETE
Bo3Wia. Pesynrature ox cTyamujata ce NpE3eHTHpaHH KaKO W3BOP 3a IIOYETHO pa30OHpame Ha HOBOpPA3BHEHATa
TEXHHKa O] CTpaHa Ha AN3ajHEPUTE U APYTUTE NPO(ECHOHAIIIIH.

Knyunu 360poBH: eNeKTPHIHO BO3WIO; ePrOHOMHUja; HHTEIUTCHTHU TPAHCIIOPTHH CUCTEMHU:
uHTep(ejc YOBEK — MAIIMHA: 13ajH Ha BO3UIIO

INTRODUCTION but for some people they are important equipment
for their work. At the same time, they carry many
risks and dangers which must be taken into serious
consideration regarding the safety. One of the as-
pects critically related to the safety is the ergo-

The general development of technology has a
very important impact in the world of vehicles de-
sign. The vehicles are products for everyday use,
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nomics. Ergonomics is associated with the tech-
nology development, so the designers of vehicles
are meeting new challenges to fit their solutions
compromising the safety aspect. Cock-pit design,
and other interior design elements have well-
known relation with automotive safety, both active
and passive. Ergonomic aspects of the design have
a complex influence on the automotive safety, and
innovative solutions are always welcomed. On the
other hand, innovations may create a chance for
improvement of the ergonomic design which
should be recognized and employed by designers.

Two areas of the vehicles development are
distinguished by their multi-disciplinarity and in-
novation — the application of intelligent transport
systems (ITS) and the rising development of elec-
tric vehicles (EV). There are a number of authors
already tackling these issues. On the other hand,
the number of vehicles with advanced ITS compo-
nents, and electric vehicles in use, is still very low
which limits the amount of experiences how suc-
cessful designers have been in this regard. It is yet
to be found out how customers perceive these
problems. One of the pragmatic approaches a de-
signer could choose is taking the best of the previ-
ous solutions and creating even better implement-
ing innovative technology and bringing the vehicle
into new, more advanced state.

Deur, Skugor and Cipek declare that the prob-
lems of optimal EV architecture design and control
and EV optimal charging are strongly dependent
on the driving cycle characteristics of a target EV
fleet [2].

Some ergonomic problems are typical only
for the electric vehicles. One of them is the lack of
engine sound which could be dangerous for the
pedestrians. The results of the research of Bolko-
vac, Horvat and Jambrosi¢ present the evident dif-
ferences in acceptability of different IC engine
sounds which could be potentially used as artificial
warning sounds for hybrid and electric vehicles
[1].

Our team has experience with ergonomic re-
searches concerning the seating comfort in the
driver’s seat for passenger vehicles. The comfort
seating postures of the driver were analyzed with
application of virtual mannequins considering the
comfort angles for the placement of human body
and the necessary space for foot controls in vehi-
cles, as well as the ranges of adjustments of the
driver's seat and steering wheel [8].

This paper will briefly present an explanation
of the techniques and terminologies used in the

areas of intelligent transport systems and electric
vehicles, and will try to give an initial assessments
about the aspect of the design related to the driver
activities, which means ergonomics and safety. A
chapter of this paper will be dedicated to direct
comparative analysis of the mentioned aspects, a
comparison between two existing vehicles of the
same model, the first one powered by an engine
with internal combustion, and the other one pow-
ered by an electric engine.

BASICS OF ITS, ELECTRIC AND HYBRID
VEHICLES

Development and innovations in the field of
vehicles design partially refer to introduction of
electric vehicles and ITS components. As a result,
there are a number of specific features from the
aspects of design and ergonomics. In continuation
of this section, short terminology and basic techni-
cal information related to the innovations men-
tioned will be given.

There are main concerns that are constantly
related to vehicles and transport systems including
emissions, potential crash injuries, severe traffic
congestion, etc. Intelligent transport systems (ITS),
responsible for dealing with these issues and with
the technologies behind them, are offering an op-
timistic view on the future of the vehicles. There-
fore, it is expected that the improvement and im-
plementation of the intelligent transport systems
(ITS) in the vehicles and transportation infrastruc-
ture will contribute in fighting the issues men-
tioned [3].

A. Intelligent Transport Systems ITS

Intelligent Transport Systems ITS technology
allows connection and communication between
vehicles, as well as between vehicles and road in-
frastructure. ITS covers a wide range of systems
with a purpose to improve the complete picture of
a safe, fluent and energy efficient road transportati-
on. Starting from the car manufacturers imple-
menting the new technology because of the ex-
pected wide application, interests in the develop-
ment benefits caught the attention of the policy
makers as well. The future of mobility is likely to
be significantly changed looking at the wide range
of technologies offered, starting from information
of the current traffic state, collision avoidance sys-
tems, automatic emergency calls, etc. [5].
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One of the most important impacts that goes
alongside the intelligent transport systems is, of
course, the drivers' behavior. Optimizing and in-
creasing the information that the driver gets as a
feedback from the vehicle is crucial. The ergono-
mics and design of the vehicle have to offer clear
and easy-to-understand information to the driver,
and, at the same time, to avoid creating a distrac-
tion. Therefore, gathering information on the im-
pact of the drivers' behavior to the intelligent trans-
port systems is crucial [3].

Falko Dressler and Christoph Sommer [4] in-
vestigated the impact of human driver behavior on
the quality of ITS. Their solution, which has been
integrated into the publicly available Veins frame-
work, allows to run integrated simulation experi-
ments taking the driver’s behavior into account.
They suggest that simple probabilistic models can
be used to represent complex empirically generated
models.

B. Electric and hybrid vehicles

It is very difficult to make difference by their
external appearance between the vehicles with in-
ternal combustion engine (ICE powered vehicles),
on the one hand, and the electric and hybrid vehic-
les, on the other hand. Anyhow, the electric and
hybrid vehicles have already placed a significant
mark in the world of the vehicles. Even with a per-
ception of their motion it is hard to notice any dif-
ference between ICE powered vehicles and electric
and hybrid powered vehicles. The difference is,
however, in the power-train, which is out of the
eye reach of the vehicle users (Figure 1).

Fig. 1 Fundamental differences between an internal
combustion engine (ICE) vehicle and an electric vehicle (EV)
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VEHICLES ERGONOMICS
IN THE CONTEXT OF DEVELOPMENT
OF ITS AND ELECTRIC VEHICLES

In the last 20 years, the automotive industry
experienced a massive expansion in the applied
technology. From the electronics used in vehicles
to the development of completely new systems,
these rapid changes have created new challenges
for automotive ergonomics as well. Modern tech-
nologies surround the driver in the vehicles today,
starting from mobile phones, navigation, enter-
tainment systems, etc., which pose risks of serious
distractions, hence, significantly lowering the
driver’s attention. Undoubtedly, one of the main
research challenges in the ergonomics is the visi-
bility and drivers perception, studies of the visual
attention and possible distractions.

Electric vehicles disclose a lot of new aspects
related to the driver habits as well. Nevertheless, as
much as the electric and ICE powered vehicles
may seem alike from the outside, there are nume-
rous differences in controls and cock-pit instru-
ments which inevitably need to be designed in an
ergonomic way.

A. Identification of the ITS elements
with an ergonomic significance

Globally, the most widespread form of trans-
port is not immune to the technologies that became
a part of everyday life. Mobile phones, as the most
used devices for communication, are commonly
used while driving.

From automotive ergonomics point of view
the in-vehicle information systems (IVIS) made a
great progress by offering to the driver an access to
the features such as navigation, voice control,
Bluetooth, touch displays, etc., which satisfy many
of the driver’s needs, but, on the other hand, they
entail a number of challenges and risks.

After the antilock braking system made an en-
trance in the active safety systems, vehicle ergo-
nomics provided more attention to the technologies
that work in preventing an accident. With intro-
duction of the technology named advanced driver
assistance systems (ADAS) it ultimately became
an active safety system itself, creating completely
improved driving experience. ADAS is designed to
help drivers to avoid distractions by non-driving
related activities, but it could also contribute to
averting other kinds of distraction. ADAS is an
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indication that the idea of fully autonomous vehi-
cle is not far away.

B. Identification of the elements of electric
vehicles with an ergonomic significance
— Human-Machine Interaction —

With the introduction of electric vehicles
many challenges have emerged. Looking from the
general view of ICE vehicle users the apparent
“range-anxiety” was just one of the questions and
worries that came along. With the rapid developing
automotive industry most of the worries that were
existent were put to bed early.

At-home charging being the only first option
for electric vehicles was quickly accompanied by
fast-charging infrastructures. Wireless charging
and even more advanced batteries were implemen-
ted in the newer electric vehicles. However, the
acceptance that comes from potential buyers of
electric vehicles just starts here.

The necessity of “familiarity” while driving
such a vehicle is also present. Therefore, the
driver-vehicle interaction is as crucial here as with
every other vehicle. Judging by their external look
it is hard to tell the difference from ICE vehicles,
and at the same time, the approaching interior of
the EVs looks equally as well. When entering an
electric vehicle, setting up the driver’s sitting posi-
tion, adjusting the steering wheel high, are just few
of the procedures that are the same as the ones in
any modern ICE vehicle.

Users of ICEs vehicles with automatic trans-
mission will find the EVs more familiar than users
who drove only ICEs with manual transmission.

A number of authors deal with Human-Mach-
ine Interaction of electric vehicles [4]. According
to the approach proposed by Allen, et al. (1971) [6]
— the driving task has been considered on three
levels:

Maneuvering (basic control tasks): steering
inputs, gear shifting, operating the wipers and si-
milar controls including managing lead headway in
traffic.

Tactical level (tasks that require some con-
scious decision making, often in response to the
changing traffic environment): deciding which
route to take, taking a shortcut or not, adapting
speed when weather driving conditions change.

Strategic level (highly demanding cognitive
tasks, learned behaviors, attitudes, and even beliefs

that precipitate the relationship with the vehicle,
other road users and the road environment): prob-
lem-solving mechanisms of plotting a route in a
totally unfamiliar area, general attitudes towards
speeding and risk taking, vehicle preferences, driv-
ing style and preferences, presumptions about
other drivers, riders and pedestrians, and so forth.

Keeping the same three levels approach, it is
noticeable that driver has to deal with changed
HMI in electric vehicles. These changes are mostly
related to the following aspects: information dis-
play, vehicle control and secondary controls
(HVAC, wipers, charging control) [4].

Information display

Beyond the basic maneuvering level, infor-
mation plays an important role to the tactical and
the strategic level of driving (Michon, 1993) [4].
Electric vehicles are known as environment
friendly, but the energy consumption information
for the driver is of a top priority to be sure he or
she will reach the destination. This information is
both on the strategic and tactical level. More and
more modern vehicles have need to include energy
demand prediction and charging facilities, as well
as quickest and shortest routes. Therefore, many
electric vehicles have included energy consump-
tion information, often combined with eco-driving
advice.

The type and contents of information normal-
ly are: estimated range and charging points, both
visualized on the area map, instant flow of energy,
battery information, and some form of longitudinal
efficiency feedback based on the trip distance al-
ready covered [7].

Vehicle control

Vehicle control consists of longitudinal and
lateral control.

Longitudinal control is realized through the
operation of pedals and the gear level. While later-
al control which is realized by the operation of the
steering wheel is the same in EVs and ICE pow-
ered vehicles, things change for the longitudinal
control.

Due to different characteristics of electric mo-
tor which can start under load, EVs do not need
clutch control. Instead of a gear selector, EVs re-
quire a simple drive selector for the forward,

Mech. Eng. Sci. J., 35 (1), 31=39 (2017)



Human machine interface of the convencional and electric vehicles — A comparative study 35

backward and parking position. Additional driving
modes such as ‘eco’ may be included.

Secondary controls
(HVAC, wipers, charging control)

Most of the secondary controls of the EVs are
very similar or equal to those in the ICE powered
vehicles: control of heating, ventilation and air-
conditioning (HVAC), wipers control, and, in the
case of EVs, charging control.

Control of heating, ventilation and air-condi-
tioning (HVAC) in the electric vehicles is very
much related to the total energy spending and
therefore to the vehicle efficiency, which is related
to the vehicle range.

Charging of electric vehicles, even with appli-
cation of quick-charging equipment is incomepara-
bly longer than the filling of fuel of ICE powered
vehicles. That empowers the need of management
of the charging process and it’s planning, which
puts additional tasks on the driver on tactical and
strategic level. This is a very important difference
between ICE and electric vehicles.

COMPARATIVE ANALYSIS
OF HUMAN-MACHINE INTERFACE (HMI)
ENVIRONMENT BETWEEN ICE
AND EV VERSIONS OF THE SAME
MODEL OF A VEHICLE

A. Approach and operational activities

The general perception from the outside of
the ICE and EV versions of Volkswagen UP con-
firms the already known fact that they are not dif-
ferent (Figures 2 and 3). The only noticeable ex-
ternal detail is the different appearance in the
charging socket of the EV, instead of the filling
neck in the ICE vehicle (Figure 4).

For the people capable of noticing that differ-
ence, and having basic knowledge about vehicles,
the mentioned external difference will lead to a
conclusion that the two vehicles have big differ-
ence in terms of the power unit. Although having
electric engine instead of ICE is seen as the biggest
difference it is certainly not the only difference.
The Human-Machine Interface (HMI) of the EVs
differs to some degree from ICEs as well. This
chapter of our research is dedicated to an analysis
that has been made as a comparison between Hu-
man-Machine Interface (HMI) of ICE and EV ver-
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sions of Volkswagen Up. The analysis is based on
the operative review of both versions of Volks-
wagen Up (ICE and EV). All important aspects of
the Human-Machine Interface (HMI) are checked
on the vehicles and photos have been taken. In ad-
dition, appropriate owner manuals have been stud-
ied and interviews with sales persons and owners
have been done.

Fig. 4. Charging socket at EV

Table 1 shows parallel photos of information
display, vehicle control and secondary controls for
both vehicles. The table also contains comments
for each important part of Human-Machine Inter-
face (HMI).
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Table 1
Comparison of the controls of the both versions of Volkswagen Up

Information display

Volkswagen Up — ICE version Volkswagen Up — E version

Combined display

The display is generally with the same configuration.

Speedometer in the EV version with lower maximum speed (160 km/h vs 220 km/h)

The tachometer on the ICE version (left smaller cycle indicator) is replaced by power indicator on the electric vehicle
Fuel level indicator on the ICE version (smaller right cycle indicator) is replaced by indicator of battery level.

Vehicle control

Volkswagen Up — ICE version Volkswagen Up — E version

Steering control

Gear control

Both vehicles have gear control lever.

The ICE version has standard 5 gear manual transmission control lever.

The EV version has “gear control” lever looking like an automatic transmission at ICE vehicles. The selectable positions
are P — Parking, R — reverse, N — neutral, D — drive, B — braking which differs from the positions automatic gear lever ICE

vehicles has

Foot control

The ICE model has a standard configuration for manual transmission (clutch, brake and acceleration pedal)
The EV model doesn’t have clutch pedal and has a wider brake pedal, as well as an acceleration pedal which makes the
configuration the same as the one used in ICE vehicle models with automatic transmission
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Vehicle Secondary Controls
(HVAC, Directional Lights, Wipers )

Control of heating, ventilation and air-conditioning (HVAC)

Comment: HVAC (Heating, Ventilation, Air Conditioning) controls take the central place on the console in both models
The ICE model has a manual classical HVAC controls
The EV model has HVAC control with a digital display
The audio system controls are the same in both models

Directional lights control

Comment: The directional light controls are the same in both models

Wipers control

Comment: The wiper control is the same in both models

Lights control

Comment: The light controls are the same in both models

B. Analysis of findings

Based on the approach described above and
on the content of Table 1, a comparative analysis
of Human-Machine Interface between ICE and EV
versions of the same model of vehicle was done.
The analysis was divided on maneuvering, tactical
and strategic level.
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Maneuvering level

Steering input is performed via the same kind
of interface — steering wheel. This activity does not
differ between the analyzed vehicles.

ICE vehicle possesses a classical manual gear-
box, which means the driver controls the clutch by
a clutch pedal and the gearbox by a gear lever.
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Electric vehicle does not have a clutch, there-
fore, the clutch pedal is missing. Regardless, the
gear lever looks like the lever of in the ICE vehicle
with automatic transmission, its function differs
and that can be seen by the marks on the lever.
This is very much related to the technical solutions
in the electric vehicles and the driver needs to un-
derstand these differences and to be trained how to
handle that lever. It is necessary in order to avoid
improper use of the gear lever and potential dis-
traction of the driver, or even worse, unwanted be-
havior of the vehicle in traffic. Acceleration pedal
is on the same place in both vehicles and its use is
the same. But, the driver of the EV should be
trained to use the power indicator instead of the
tachometer in the ICE vehicle. This is very much
related to the energy consumption and since there
is no engine noise, in this case, which most of the
drivers are used to, there is a need of a building
feeling on the driver’s side to avoid too-often
watching the indicator and the enormous power
consumption. Other controls on this level, like
those for direction indicators and wipers, are the
same in both vehicles.

Tactical level

On this level the driver takes some decisions,
like deciding which route to take to the wanted
destination, adapting the speed when the condi-
tions change or making other decisions related to
the changing of traffic environment. Driving an
electric vehicle means that the driver should be
aware of the influence of external temperature to
the batteries, the electric engine and other electric
systems, occasional higher quantities of water on
the road and so on. The analyzed electric vehicle
does not possess additional indicators which would
assist the driver in taking such decisions. There-
fore, there is a necessity of such information which
is normally available in user manuals. Changing
the route to the final destination with electric vehi-
cles, due to the limited possibilities of the charg-
ing, could sometimes lead to the powerless status,
for example — in the case of traffic congestion in
the changed route.

HVAC controls in EV allow the driver to in-
put desired internal temperature. Since this is very
much related to the energy consumption, and there-
fore to the vehicle range, there is a need for the
driver to take correct decisions when input the
commands on HVAC controls.

Charging is a new specific of electric vehicles
which does not exist in the ICE vehicles. It in-
cludes several aspects, all related to this level.
Those are — planning time and place of charging.
There is one more task for the driver compared to
ICE vehicles — to monitor battery level and to de-
cide when to cancel the charging.

Strategic level

In this most complex level the driver takes
high demanding cognitive tasks, like plotting the
route in a totally unfamiliar area, the driving style
and preferences, the risk-taking (for instance dur-
ing overtaking) and so on. The electric vehicle ana-
lyzed has no interface which could assist the driver
in relation to the activities in this level. There are
no such interfaces in the ICE vehicle as well. But,
most of the drivers are familiar with ICE vehicles
and are capable of estimating the new vehicles per-
formances based on the previous experiences. That
is not a case with the electric vehicles and the driv-
ers should be very much aware that the electric
vehicles have different performances compared to
the similar ICE vehicles. Without this awareness
drivers could take wrong decisions, which, having
in mind the importance of this level, could lead to
potentially dangerous traffic situations. Also, bad
decisions of the driver could lead to empty batter-
ies where there is no possibility of recharging.

HVAC has the similar influence on this level
as on the tactical level. So, the same remarks are
valid on this level, as well.

Charging of the vehicle is also related to this
level. All aspects mentioned in tactical level have
the same importance on this level too.

CONCLUSIONS

Based on the activities and analysis described
in this paper, few conclusions can be drawn.

The development of the electric vehicles is in
a phase in which there is a need of complex ap-
proach towards instructing the drivers and other
users how to take all the advantages they offer and
avoid potential weaknesses.

The ergonomic aspects of the electric vehicles
design can be studied through human-machine in-
terfaces. Such study should consider all three lev-
els of the driver’s activities on the maneuvering,
tactical and strategic level.

Mech. Eng. Sci. J., 35 (1), 31=39 (2017)
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The results of the analysis presented in this
paper show that, besides the fact that it belongs to
a lower class of vehicles the electric version of
Volkswagen Up has an influence on all three levels
of driver activities. Due to the lack of experience
of the drivers with electric vehicles there is an ob-
vious need for them to be equipped with compo-
nents of advanced driver assistant systems (ADAS)
which could protect the driver from taking wrong
decisions on each level. For the time being that is
to be expected in high classes of conventional end
electric vehicles and due to the price limitation that
will not be a case in cheaper electric vehicles.
Therefore, there is a need for a specific training of
the new electric vehicle users.

Note: The paper is a part of the research for doctoral
thesis of the first author.
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A bstract: In the Official Journal of EU No. 167 from 2013 the new Regulation (EU) No 167/2013 of the
European Parliament and of the Council of 5 February 2013 on the approval and market surveillance of agricultural
and forestry vehicles has been published. This Regulation is a framework legislation that covers all technical re-
quirements for agricultural and forestry vehicles before being put on the market. It will repeal the existing framework
Directive 2003/37/EC and also 23 separate directives on 1 January 2016. The layout, the structure and main require-
ments are aligned with the framework legislation for motor vehicles with four or more wheels. The European Com-
mission that prepared this regulation followed recommendations from the Competitive Automotive Regulatory Sys-
tem for the 21st century (CARS 21) report and therefore simplify the current whole vehicle type-approval regulatory
framework. This Regulation is followed by seven delegated acts and one implementing act. This paper describes all
chapters of this new regulation and point out all important and new prescriptions.
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HOBA PAMKOBHA PEI'YJIATUBA HA EY 3A OJOBPYBAILE HA TUIIOT
HA 3EMJOJEJICKHA U TYMCKH BO3UJIA

A mncrtpacxkT1 Bo Crnyx6en Becuuk Ha EY 0p. 167 ox 2013 ronuna e o6jaBena HoBaTa Perynartusa (EVY) 6p.
167/2013 na EBponckuor ITapnament u Ha Coseror ox 5 deBpyapu 2013, xoja ce onHecyBa Ha 0100pyBamBETO U Ha
HaJ30pOT Ha [1a3apoT Ha 3eMjOJICJICKUTE U Ha IIyMCKHUTe Bo3mwia. OBaa peryiaaTuBa ¢ paMKOBHA JIETUC/IATHBA Koja T'H
HOKPHBA CUTE TEXHHYKYU Oapama 3a 3eMjOJEICKHTE M NIYMCKUTEC BO3IIA IIpe] Ja OMuaT CTaBeHH Ha masap. Taa ja
3ameHyBa pamkoBHata J{upextuBa 2003/37/EC, kako u 23 noceOHM AUPEKTHBY, U ce puMeHyBa of 1 janyapu 2016.
W3rnenor, cTpykTypara M INIaBHUTE Oapama Ce YCOINIACeHH CO PaMKOBHATa JICTHCIIATHBA 32 MOTOPHH BO3HIA CO
4eTHPHU WK noBeke Tpkana. EBpornickara Komucuja, koja ja MOArOTBY OBaa perysiaTusa, T Cleelle PenopakuTe o
n3BemTajor Ha CHCTEMOT 3a peryinupame Ha KOHKYPEHTHOCTa BO aBToMoOmiHocTa 3a 21-0o1 Bek (CARS 21) u Ha T0j
HAa4YMH ja MOEJHOCTABU IOCTOjHATa BKYNHA peryjaTHBHAa paMKa Ha o100pyBame Ha TunoT. OBaa peryiatuba e
HpocyIeeHa CO ceIyM IPUAPYKHU aKTH H e[IeH aKT 3a UMIUIeMeHTanuja. OBoj TPy/ ' OIHMIIYBa CHTE IIOIJIaBHja Ha
0Baa HOBA PEryJIaTUBA M TM HATJIACYBA CUTE BAXKHU U HOBH IPOIUCH.

Kayuynu 360poBu: EVY nerucnarupa, 3eMjoeJICK BO3UIIa, IIyMCKH BO3WIIa, 000pyBame

1. INTRODUCTION “mother regulation” that regulates all technical

requirements for agricultural and forestry vehicles

On 2 March 2013 the new Regulation (EU) before putting on the market and is harmonized in

No 167/2013 of the European Parliament and of all Member States of the European Union. The
the Council of 5 February 2013 on the approval regulation entered into force the twentieth day after
and market surveillance of agricultural and forestry its publication, but it shall apply from 1 January

vehicles was published [1]. This is the so called 2016.
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2. THE PREPARATORY WORK

Before this Regulation for the framework leg-
islation the “Directive 2003/37/EC of the European
Parliament and of the Council of 26 May 2003 on
type-approval of agricultural or forestry tractors,
their trailers and interchangeable towed machinery,
together with their systems, components and sepa-
rate technical units and repealing Directive
74/150/EEC” had been in use [2]. Because of this
type of the legal act all Member States had to
transpose it into their national legislation. In the
Republic of Slovenia we transpose this Directive
with the “Rules on approval of agricultural and
forestry tractors” [3].

In the summer of 2010 the European Com-
mission prepared the proposal of new framework
legislation for the regulating the agricultural and
forestry vehicles. For the legal instrument they
used the Regulation instead of Directive. The
background for this decision was a large impact
assessment prepared in years 2008 and 2009 that
resulted in a better way of organizing this area. The
proposal has been prepared also in accordance with
recommendations of “Competitive Automotive
Regulatory System for the 21st century” (CARS
21) [4].

The goal of the new Regulation was to ensure
in the field of agricultural and forestry vehicles the
high level of traffic safety, work safety and envi-
ronment protection. Based on these, they decided
that technical requirements and environmental
standards for approval of vehicles, their systems,
components and separate technical units had to be
harmonized.

The European Commission has justified this
with reference to the impact assessment that
showed that the present system in the field of agri-
cultural and forestry vehicles is too complicated
for vehicle producers and also for approval au-
thorities. Furthermore they found out that all
Member States have to transpose all directives into
their national legislations, which creates a lot of
additional work for them without added value.
And, with this proposal they had an idea to im-
prove the work of the internal market of the Euro-
pean Union in order to bring easier movement of
agricultural and forestry vehicles between Member
States.

The text of the Regulation has had to undergo
the public consultation procedure and also a lot of
consultations on various working sessions in the
European Commission, European Council and
European Parliament. Therefore the text has been

changed during this procedure and the final com-
promise was reached at the end of year 2012.

3. WHAT IS NEW?
3.1. In general

The first thing is the new form of the legal
act. This is a Regulation instead of Directive that
means that there is no need to transpose it into the
national legislation. The Regulation is in force in
all Member States on the same day. That means
that the National authorities have significantly less
work than with Directives, there is no possibility
for mistakes in transposing and also there is no
need for the European Commission to check the
proper transpositions in Member States.

Technically all requirements in the Regula-
tion are on the same level as they are now.

The Regulation will be followed by some imple-
menting and delegated acts that represent the new ap-
proach in the legislation, so called “split level ap-
proach”. The number of these acts will be lower than at
present. At the moment under the framework Directive
there are 23 separate directives. It is foreseen that only 8
acts will follow this Regulation:

— delegated act on functional safety of vehi-
cles,

— delegated act on occupational safety,

— delegated act on environmental perform-
ance,

— delegated act on braking,

— delegated act on testing,

— delegated act on access to repair and main-
tenance information,

— delegated act on technical services,

— implementing act on harmonized adminis-
trative requirements.

3.2. An overview of the Regulation

3.2.1. Chapter I: Subject matter, scope
and definitions

There is a statement in the Article 1 that this
Regulation establishes the administrative and tech-
nical requirements for the type-approval of all new
vehicles, systems, components and separate tech-
nical units. However, this Regulation is not appli-
cable for the approval of individual vehicles but,
essentially, it determines the requirements on mar-
ket surveillance of vehicles, systems, components
and separate technical units and also of the equip-
ment.

Mech. Eng. Sci. J., 35 (1), 41-46 (2017)
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This Regulation is applicable on wheel trac-
tors (category T), track-laying tractors (category
O), trailers (category R) and interchangeable towed
equipment (category S). It is not applicable on in-
terchangeable machines that are fully raised from
the ground or that cannot articulate around the ver-
tical axis when the vehicle to which it is attached is
in use on a road. The manufacturer may choose
between procedures from this Regulation or na-
tional requirements for trailers, interchangeable
towed equipment, track-laying tractors and for
special purpose wheeled tractors (category T4.1
and T4.2).

The basic classification of agricultural and
forestry vehicles is not changed. It consists of:
tractors (category T for wheeled and C for track-
laying tractors), trailers (category R) and inter-
changeable towed equipment (category S). There
are changes in subcategories. For category T we
have now subcategories T1, T2, T3, T4.1, T4.2 and
T4.3 (the same at category C) with the index “a” if
they have the maximum design speed below of
equal to 40 km/h or “b” if they have the maximum
design speed more than 40 km/h. This is the same
categorization as was in use for trailers and inter-
changeable towed equipment.

3.2.2. Chapter II: General obligations

The Chapter II of this Regulation regulates
the obligations of Member States regarding the
designation of approval authorities and surveil-
lance authorities as well as the method of market
regulation, obligations of approval authorities and
market surveillance measures. Market surveillance
authorities will perform their tasks at manufactur-
ers of agricultural and forestry vehicles and
equipment, their representatives, importers and
distributers. In articles that follow we could find
obligations of manufacturers, representatives, im-
porters and distributers especially for products that
are not in conformity or that present a serious risk.
For the last mentioned there are obligations for
immediate actions concerning the corrective meas-
ures for withdraw or recall of such products from
the market.

3.2.3. Chapter I1I: Substantive requirements

This Chapter is probably the most important
part of this Regulation because it defines technical
requirements for approval of agricultural and for-
estry vehicles. It was mentioned before that this
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requirements are on the same level as they are al-
ready now. These requirements are divided into:

Requirements for the functional safety of ve-
hicles where we could find vehicle structure integ-
rity, vehicle lighting systems, audiable warning
devices, vehicle occupant protection, masses and
dimensions, etc.

Requirements for occupational safety where
we could find ROPS, FOPS, OPS, driving seat,
safety belts, batteries, etc.

Requirements for environmental performance
where we could find pollutant emissions and ex-
ternal sound level. For the limit values for pollu-
tant emissions the regulations hawe the references
to the Directive 97/68/EC that regulate the emissi-
ons from mobile machinery. In this article we
could find limit values for external sound levels.
There are only two limit values; that for tractors
with an unladen mass in running order of more
than 1500 kg (89 dB(A)) and for those that the
mass is not more than 1500 kg (85 dB(A)).

3.2.4. Chapter IV: EU type-approval procedures

The Chapter IV of this Regulation gives to
the manufacturer different procedures to obtain the
whole vehicle type-approval for the agricultural
and forestry vehicle they produce. The manufac-
turer has now possibility to choose step-by-step,
single-step or mixed type-approval. Requirements
regarding the documentation are very similar to
recent requirements. The European Commission
has to prepare templates for information docu-
ments by 31 December 2014.

3.2.5. Chapter V: Conduct of EU type-approval
procedures

The content of this Chapter is very similar to
the current situation laid down in the framework
Directive. We find here the EU type-approval cer-
tificate, test requirements and provisions regarding
the conformity of production. The European
Commission has to prepare, firstly, implementing
acts regarding the numbering of implementing
acts, the content of EU type-approval certificates,
the templates of test reports and the list of re-
quirements of acts by 31 December 2014. By the
same date the European Commission has to pre-
pare also the first delegated acts concerning the
detailed arrangements for the conformity of pro-
duction.
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3.2.6. Chapter VI: Amendments to EU type-
approval procedures

Also the content of this Chapter is very simi-
lar to the content of recent framework Directive. It
regulates revisions and extensions of EU type-
approvals, issuing of amendments and notifying
approval authorities in other Member States.

3.2.7. Chapter VII: Validity of EU type-approval

In this very short Chapter we can find in
which situations the EU type-approvals become
invalid. The content is very similar to the current.

3.2.8. Chapter VIII: Certificate of conformity
and markings

This Chapter consists of the prescriptions re-
garding the vehicle certificate of conformity and
on statutory plate that shall affix to each vehicle
manufactured in conformity with the approved
type. The content is also in this Chapter very simi-
lar to the current, but the European Commission
has to prepare the first implementing acts regard-
ing templates of Certificates of conformity by 31
December 2014.

3.2.9. Chapter IX: Exemptions for new
technologies or new concepts

The content of this Chapter is completely new
in this field and it regulates how to accept new
technologies and the procedure to authorization by
European Commission. For every new technology
the authorization from European Commission has
to be given by means of an implementing act.
There is also an article that regulates the procedure
for the European Commission to adapt delegated
and implemented acts with new technologies.

3.2.10. Chapter X: Vehicles produced
in small series

This Chapter regulates for the possibility of a
manufacturer applying for the national type-
approval of small series, but in number of vehicles
prescribed in the Annex II of this Regulation. For
the national approval authorities there is a possibil-
ity that could waive one or more of the provisions
listed in Annex I could be waived if they have rea-
sonable grounds but they have to specify the alter-

native requirements. The validity of this national
type-approval is restricted to the territory of the
Member State whose approval authority granted
the approval. Approval authorities in other Mem-
ber States could decide if they will accept such
type-approval or not.

3.2.11. Chapter XI: Making available on the
market, registration or entry into service

In this Chapter there are prescriptions sepa-
rated in articles for vehicles build in large series, in
small series and for components and separate tech-
nical units. All vehicles produced in large series
have to be followed with the valid certificates of
conformity. The number of vehicles produced in
end-of-series shall not exceed 10% of the number
of vehicles registered in the two preceding years or
20 vehicles per Member State, whichever is higher.

3.2.12. Chapter XII: Safeguard clauses

This Chapter prescribes a harmonized proce-
dure for all Member States in how to handle vehi-
cles, systems, components or separate technical
units if they present a serious risk to the health or
safety of persons or to other aspects of the protec-
tion of public interest. There are articles separated
for vehicles, components and separate technical
units. There is also an article that describes the re-
call procedure for vehicles, systems, components
and separate technical units if they present a seri-
ous risk to safety, public health or environmental
protection even if they are approved according to
this Regulation. The recall procedure is in accor-
dance with the Regulation (EC) No. 765/2008, that
prescribes the requirements for the accreditation
and market surveillance of these products.

3.2.13. Chapter XIII: International regulations

In this Chapter we could find stipulations
about the recognition of UNECE Regulations that
the European Commission perform with the accep-
tance of the relevant delegated act. The same pro-
cedure is also for acceptance of the OECD techni-
cal reports.

3.2.14. Chapter XIV: Provision of technical
information

The Chapter XIV of this Regulation regulates
the obligations of manufacturers to make available
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to users all relevant informations and necessary
instructions any special conditions or restrictions
linked to the use of a vehicle, system, component
or a separate technical unit. It is also prescribed the
exchange of information between the vehicle
manufacturer and the manufacturer of components
or separate technical units.

3.2.15. Chapter XV: Access to repair
and maintenance information

With this Chapter the Regulation establishes
the obligations of manufacturers providing all rele-
vant informations for vehicle repair and mainte-
nance to authorized dealers, repairers and inde-
pendent operators. These prescriptions are similar
to those in acts for passenger cars and goods vehi-
cles. The Regulation contains also the list of in-
formations that have to be available (service hand-
books, technical manuals, wiring diagrams etc.). It
is a possibility given to manufacturers that they
may charge reasonable and proportionate fees for
access to this information.

3.2.16. Chapter XVI: Designation and notification
of technical services

This Chapter contains requirements for tech-
nical services that are designated by the approval
authorities as testing laboratory for performing
tests or as conformity assessment body performing
initial assessment and other test or checks. There
are also articles regarding the designation of the
technical service into one of the four categories,
regarding the in-house technical services of the
manufacturer and regarding the assessment of the
skills of the technical services. In this Chapter we
can find also the procedures for notifications of
technical services to the European Commission
and of reporting about changes as well as obliga-
tions of technical services about their work and
reporting.

3.2.17. Chapter XVII: Implementing acts
and delegated acts

In this Chapter we could find information
which implementing acts will be adopted by the
European Commission for the full implementation
of this Regulation. It also states that the European
Commission will be assisted by the »Technical
Committee — Agricultural Vehicles«
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3.2.18. Chapter XVIII: Final provisions

In the last Chapter of this Regulation we find
penalties for the situations when the obligations of
this Regulation have been violated. Furthermore,
there are transitional provisions, dates for sending
reports about the use of approval procedures and
time-limits for reports on individual approvals for
vehicles per year before year 2016 and on national
rules for those procedures. There is an article re-
garding the repealing of directives and about the
date of entering into force. This Regulation entered
into force on twentieth day following its publica-
tion in the Official Journal of the European Union
and it shall apply from 1 January 2016.

3.2.19. Annex I:
List of requirements for the purposes
of vehicle EU type-approval

This Annex is probably the most important
part of this Regulation because there are in the ta-
ble listed all technical requirements for EU type-
approval for different categories of agriculture and
forestry vehicles. In the table we find for each sub-
ject a reference to a relevant article in this Regula-
tion and a reference to a relevant regulatory act,
EU or UNECE Regulation or OECD Codes.

3.2.20. Annex II:
Limits for small series

This Annex set limits of tractors categories T
and C produced in small series made available on
the market, registered or entered into service per
year in each Member State. For tractors category T
this limit is set at 150 and for tractors category C at
50 units.

3.2.21. Annex III:
Correlation table

In this Annex is shown the transposing of ar-
ticles from the recent framework Directive
(2003/37/EC) to this Regulation.

4. CONCLUSIONS

This Regulation has introduced many new
features to the field of agriculture and forestry ve-
hicles. These are in the approval procedures and
also in other relevant aspects of the work espe-
cially in market surveillance. In the beginning of
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the work this will bring quite a lot of challenges for
manufacturers and also to approval authorities and
technical services. Fortunately the FEuropean
Commission is willing to help manufacturers of
agricultural and forestry vehicles, approval authori-
ties and technical services on meetings and also on
other ways.
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A bstract: In the Official Journal No. 167 from 2013 the new Regulation (EU) No 167/2013 of the Euro-
pean Parliament and of the Council of 5 February 2013 on the approval and market surveillance of agricultural and
forestry vehicles has been published and the framework for the new legislation structure for agricultural and forestry
vehicles has been set. Following the recommendations from the Competitive Automotive Regulatory System for the
21st century (CARS 21) report, the European Commission prepared and in year 2015 published in the Official Jour-
nal all relevant legislation acts and with this prepared the complete new EU type-approval regulation for agriculture
and forestry vehicles. This new system will start on January 1, 2016 when the existing framework Directive
2003/37/EC and their 23 separate Directives on will be repealed. This paper describes the content of all legislations
acts followed by Regulation (EU) No 167/2013.
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HOBA JIETUCJIATUBA HA EY 3A OJJOBPYBAIBE HA TUIIOT
HA 3EMJOJEJICKHA U ITYMCKH BO3HUJIA

AncrtpaxT: Bo Cryx6en BecHuk Ha EY 6p. 167 og 2013 ¢ objaBena HoBara Perynarusa (EVY) 6p. 167/2013
Ha EBponckuot I[Tapnament u Ha CoBerot on 5 deBpyapu 2013, koja ce ogHecyBa Ha 0100pyBambETO U HA HAA30POT
Ha 1a3apoT Ha 3eMjOJENICKUTE U Ha LIyMCKHTe Bo3uina. Taa ru cnequ npenopakure Ha CUCTEMOT 3a PerylHpambe Ha
KOHKYPEHTHOCTa BO amBTOMOOMIHOCTa 3a 21-0T Bek (CARS 21) mrro ro nogrorsu Esponckara Komucuja u Bo 2015
roquHa Bo CiyxOeH BECHMK I 00jaBH CHTE PEJIEBAaHTHHU JIETUCIATHBHM aKTH M CO TOa € HMOAroTBeHa HoBa EY
perynaThBa 3a 0J00OpyBame Ha THIIOT Ha 3eMjOAEICKU U mrymMcku Bo3uia. OBOj HOB CHCTEM CTapTyBa Ha | jaHyapu
2016 xora mocrojHaTa pamkoBHa aupekrusa 2003/37/EC u Hej3suHHTE onjenHu 23 TUPEKTUBU ce moBiedeHu. OBOj
TPY/ ja OIUIIYBa COAPXKMHATA HA CUTE JICTUCIATUBHU aKTH KoM ce npocieaeHu o Perynarusara (EU) 6p. 167/2013.

Kunyunu 360poBu: EV nerucnaTtusa; 3eMjofeNIKH BO3UIIA; IIYMCKH BO3UIIA; 0100pYBame

1. INTRODUCTION

Until the end of 2015 and from the year 2013
the framework directive for agricultural and for-
estry tractors is the “Directive 2003/37/EC of the
European Parliament and of the Council of 26 May
2003 on type-approval of agricultural or forestry
tractors, their trailers and interchangeable towed
machinery, together with their systems, compo-
nents and separate technical units and repealing

Directive 74/150/EEC” [1]. Under this Directive
there are 23 separate directives with several
amendments and corrections that cover all relevant
and important parts, elements and systems of agri-
culture and forestry tractors. Beside this agricul-
tural and forestry vehicles are also regulated with
several UNECE Regulations prepared in Geneva
on World Forum for Harmonization of Vehicle
Regulations (WP.29) and some OECD Codes done
in Paris that content very similar technical re-
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quirements and test procedures to above mentioned
separate directives. So the type-approval system is
very strictly regulated and therefore also very
complicated for the vehicle producers and also for
type-approval authorities and technical services.
Every European Union Member State has to trans-
pose all these directives in their national law and
this is a huge work for technicians and layers.

In the Republic of Slovenia we transpose the
framework Directive 2003/37/EC in the national
legislation with the “Rules on approval of agricul-
tural and forestry tractors” [2]. We prepared then
also 23 technical specifications for vehicles that
contain consolidated texts of 23 separate directives
together with their amendments, modifications and
corrections. They are not published in the Slove-
nian Official Journal but only the list of valid tech-
nical specifications is printed in it. As equivalent
legislation we accept also type-approval based on
UNECE Regulations and OECD Codes test re-
ports. The complete legislation is available on the
official website of the Ministry of Infrastructure
and is regularly updated [11], [12].

In 2010 the European Commission started
with the preparation of the complete new legisla-
tion in accordance with recommendations of
“Competitive Automotive Regulatory System for
the 21st century” (CARS 21) [3]. Final report of
CARS 21 concluds that most of the legislation in
force should be maintained for the protection of
citizens and the environment, a simplification
exercise should be undertaken so as to rationalize
the regulatory framework and move towards
international harmonization of requirements. On 2
March 2013 the new Regulation (EU) No 167/
2013 of the European Parliament and of the Coun-
cil of 5 February 2013 on the approval and market
surveillance of agricultural and forestry vehicles
was published [4]. This is the so called “mother
regulation” that regulate all technical requirements
for agricultural and forestry vehicles before putting
on the market and are harmonized in all European
Union Member States. The Regulation entered into
force the twentieth day after its publication, but it
shall apply from 1 January 2016 [10]. And because
this is a Regulation and not a Directive, which is
automatically valid in all European Union Member
States there is no work for the type-approval au-
thorities in European Union Member States with
the transposition to the national law.

Immediate after this publication European
Commission started a work on delegated acts and
involved in this process a lot of experts from all

European Union Member States and manufacturers
of agriculture and forestry vehicles. European
Commission organized several meetings and new
acts have been developed and finished at the end of
2014. The work is now done and all new Commis-
sion Regulations have been published in the Offi-
cial Journal of the European Union.

2. OVERVIEW OF ALL NEW ACTS
2.1. General information

All Commission Delegated Regulations cover
all agriculture and forestry vehicles and not only
agriculture and forestry tractors. Type-approval
requirements are now prepared for agricultural or
forestry tractors, their trailers and interchangeable
towed machinery, together with their systems,
components and separate technical units. Con-
structional and technical requirements are now
joined in only four acts instead of 23. If there is
European or international standard or UNECE
Regulation for system, component or separate
technical unit, the regulation uses only the refer-
ence to such document and therefore there is no
duplication of legislation. With referring to UN-
ECE Regulations these Commission Regulations
follow the technical progress because ENECE
Regulations are constantly amended. On the other
side important modifications to update the techni-
cal progress or extending the scope to further vehi-
cle categories or to increase the level of safety will
be done by the modifications of the Commission
Regulation [13], [14]. All administrative require-
ments are joined in one special act and therefore
the “paper work™ in simpler than the existing one.
In all acts we have the consistency of the terminol-
ogy used with the respect to the EU Whole vehicle
type-approval (WVTA) process.

2.2. Vehicle construction and general
requirements for the approval

Vehicle construction and general require-
ments for the approval are prescribed in Commis-
sion Delegated Regulation (EU) No 1322/2014 of
19 September 2014 supplementing and amending
Regulation (EU) No 167/2013 of the European
Parliament and of the Council with regard to vehi-
cle construction and general requirements for the
approval of agricultural and forestry vehicles [5].
This is the first big piece of legislation with more
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than 300 pages and with 30 annexes. This Regula-
tion prescribed test procedures and requirements
for roll-over protection structures (static and dy-
namic testing), for falling object protection struc-
tures, protection against penetrating objects, pro-
tection against other mechanical hazards, protec-
tion against hazardous substances, passenger seats,
driver’s exposure to noise level, driving seat, oper-
ating space and for access to the driving position,
power take-offs, protection of driving components,
seat-belt anchorages, safety belts, exhaust systems,
operator’s manual, control devices, guards and pro-
tective devices, warnings, markings, materials,
products and batteries. In the Annex I we could
find a list of UNECE Regulations that are directly
applicable for the type-approval and on such way
there is no duplication of legislation. OECD Codes
are also recognized for type-approval procedures
and this is prescribed in the Annex II. This Regu-
lation introduced also the virtual testing that is new
topic on this field. In the Regulation we could find
also the requirements for conformity of production,
about the access to repair and maintenance infor-
mation and performance standards and assessment
of technical services.

2.3. Vehicle braking requirements

Vehicle braking requirements are prescribed
in Commission Delegated Regulation (EU)
2015/68 of 15 October 2014 supplementing Regu-
lation (EU) No 167/2013 of the European Parlia-
ment and of the Council with regard to vehicle
braking requirements for the approval of agricul-
tural and forestry vehicles [6]. This Regulation up-
dates and supplements in line with technical pro-
gress current type-approval requirements regarding
the braking safety on agriculture and forestry vehi-
cles. This act has in annexes requirements from
European (CEN/CENELEC) and international
(ISO) standards as well as from UNECE Regula-
tion 13 that prescribed provisions concerning the
approval of vehicles of categories M (motor vehi-
cles designed and constructed primarily for the
carriage of persons and their luggage), N (motor
vehicles designed and constructed primarily for the
carriage of goods) and O (trailers) with regard to
braking. Because of the technical progress it con-
tains specific provisions for energy reservoirs, ve-
hicles with hydrostatic drive, vehicles with inertia
braking systems, vehicles with complex electronic
control systems, anti-lock braking systems and
electronically controlled braking systems. Anti-
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lock braking systems are not yet widely available
for vehicles with a design speed between 40 km/h
and 60 km/h and therefore for those vehicles the
introduction of anti-lock braking system should be
confirmed after a final assessment by the Commis-
sion of the availability of such system that has to
be done at the latest by 31 December 2016. This
Regulation also includes stricter requirements on
brake control of towed vehicles and brake coupling
between the tractor and towed vehicles than older
Council Directive 76/432/EEC.

2.4. Environmental and propulsion unit
performance requirements

Environmental and propulsion unit perform-
ance requirements are prescribed in Commission
Delegated Regulation (EU) 2015/96 of 1 October
2014 supplementing Regulation (EU) No 167/2013
of the European Parliament and of the Council as
regards environmental and propulsion unit per-
formance requirements of agricultural and forestry
vehicles [7]. This Regulation stipulates the detailed
technical provisions and test procedures for vehicle
manufacturers and other stakeholders to determine
the propulsion unit performance of agricultural and
forestry vehicles. With reference to Directive
97/68/EC on the approximation of the laws of the
Member States relating to measures against the
emission of gaseous and particulate matter pollu-
tants from internal combustion engines to be instal-
led in non-road mobile machinery this Regulation
sets-out measurement requirements and emission
limits for internal combustion engines used in
agricultural and forestry vehicles. It covers the
pollutant exhaust emissions and the external sound
level. The limit values for external sound level are
defined in the Regluation (EU) No 167/2013
(tractors with an unladen mass in running order of
more than 1500 kg (89 dB(A)) and for those that
the mass is not more than 1500 kg (85 dB(A)).

2.5. Vehicle functional safety requirements

Vehicle functional safety requirements are
prescribed in Commission Delegated Regulation
(EU) 2015/208 of 8 December 2014 supplementing
Regulation (EU) No 167/2013 of the European
Parliament and of the Council with regard to vehi-
cle functional safety requirements for the approval
of agricultural and forestry vehicles [8]. This is
also a big piece of legislation with more than 170
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pages and with 34 annexes. To avoid the duplica-
tion of legislation this act is very much referring to
European and international standards and UNECE
Regulations. This Regulation prescribed test pro-
cedures and requirements for vehicle structure in-
tegrity, speed governors, speed-limitation devices,
steering, speedometers, the field of vision, glazing,
rear-view mirrors, lighting, light-signalling devices
and their light sources, electromagnetic compati-
bility, heating systems, fuel tanks, towing devices,
tyres, spray-suppression systems, reverse gear,
tracks etc. This Regulation allows (with a few ex-
emptions) national authorities also to grant national
type-approval to a type of vehicle, system, compo-
nent or separate technical unit.

2.6. Administrative requirements

Administrative requirements are prescribed in
Commission Implementing Regulation (EU)
2015/504 of 11 March 2015 implementing Regu-
lation (EU) No 167/2013 of the European Parlia-
ment and of the Council with regard to the admin-
istrative requirements for the approval and market
surveillance of agricultural and forestry vehicles
[9]. This Regulation sets out the detailed adminis-
trative requirements regarding the templates of
documents, certificates, test reports, EU type-ap-
proval mark and statutory plate to harmonise all
aspects related to the procedure of authorisation for
placing on the market and entry into service. It pre-
scribed also the template for the manufacturer’s
certificate on access to vehicle on-board diagnos-
tics (OBD) and to vehicle repair and maintenance
information. These requirements are new in the
area of agricultural and forestry vehicles. In the
Annex IX there is a list of parts or equipment
which may pose a serious risk to the correct func-
tioning of essential systems.

CONCLUSIONS

All this regulations have been prepared in
time and from 1 January 2016 all manufacturers of
agricultural and forestry vehicles, approval au-
thorities and technical services started using them.
We are all aware that problems will arise but leg-
islation is a “living thing”. The European Commis-
sion has already published in the EU Official Jour-
nal some corrections and supplements of these
Regulations. The European Commission and some
EU Member States also prepared some corrections

and supplements for above mentioned acts and we
will discussed about this on next meetings of
Working Group of Agriculture Tractors.
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A bstract: Based on survey on perception of risk assessment and management among various IT-intensive
organization in different countries, over 150 respondents majority from MSMEs in the Balkans gave their responses
on both past experiences with risk assessment and management, and their expectation for the future. The key findings
included that (1) only 45% of the MSME are doing risk assessment; (2) when done it is part of a management system
implementation or a business plan/strategy; (3) risk assessment is doable, but has challenges in evaluation of risk or
identification of mitigation measures; (4) scope should be companywide; (5) it should not last too long and should be
repeated annually; (6) it should be done using focus groups and mixed but simple qualitative and quantitative models.
These findings supported the initial conclusions from the direct work with companies in implementation of risk man-
agement, and refined the proposed risk management framework for IT-centric MSMEs and its four main elements:
scope, people, processes and tools.

Key words: IT-centric MSMEs; risk assessment; risk management framework; perception of risk; field survey

HNEPHEINNAJA HA YIIPABYBAILE CO PU3UK 1 HET'OBOTO BJIMJAHUE
BP3 NPEJJIOKEHATA PAMKA 3A YIIPABYBAIGE CO PU3UIIU
BO IT-UHTEH3UBHU MUKPO, MAJIM U CPEJHU ITPETIIPUJATHJA

A1 cTp ak 1: ba3upaHo Ha TepeHCKa aHanu3a 3a NepLeniujaTa 3a yrpaByBambe CO PU3UK U HEroBa MpoleHa
nomerly pasHu IT-uHTEH3UBHU OpraHu3alMu Of pa3HU ApxkaBu,. Haj 150 yuecuuuu og MMCII (Muxpo, Manu u
cpenHu mpernpujatuja) on bankaHOT rM Jazoa CBOMTE MHUCIEHA 32 MUHATUTE MCKYCTBA CO OLEHA HA PHU3MK U
yIpaByBame CO PU3MLHM, KAaKO U 32 HUBHHUTE OuYeKyBama 3a uaHuHata. Kiyunute Haomu ce: (1) oxomy 45% on
MMCII cnpoBeayBaat oreHa Ha pU3MUH; (2) Kora ce CIpoBeqyBaaT aKTHUBHOCTUTE, THE ce€ el O] BOBEAyBame Ha
CHCTEMH 32 yIpaByBam€ WM JIETOBHU CTPAaTE€ruy U OU3HUC-IUIAHOBY; (3) OLEHA HAa PU3ULM € CIPOBOAIUBA, HO MMa
NPEIU3BUIN BO JEJNOT HA BPEAHYBAbE HA PU3MIMTE U MACHTU(MKALHM]a Ha YOIaXyBauKku MepKH; (4) ynpaByBambeTo
€O pU3HUK Tpeba Ja € BO ACNOKPYTOT Ha IeaTa KOMIAHW]ja; (5) akTUBHOCTA He Tpeba Ja Tpae MHOTY OO0 U Tpeba
Jla ce CIpoBeIyBa Ha FOJUIIHO Nivo; (6) Tpeba na ce crnpoBenyBa NpeKy oA0paHu IPYIH U MELIaHH, HO €HOCTaBHHU,
MOJIETIM CO KBAJWTATHBHU W KBaHTUTATHBHH oueHHM. OBHE HAOAM TU IOJAPKYBaaT WHHIMJAINTE HAOTU OJ
JIMpeKTHaTa paboTa co KOMIIAHUU ITPU BOBELYBahE HA YIIPABYBAKE CO PU3MK U NIPUIOHECYBAAT 32 MIPOYUCTYBAbE HA
HpeUIoKeHaTa METOJOJIorHja/paMKa 3a ynpaByBame co pusHiy Bo IT-untensusau MMCII u Hej3uHUTE 4YeTHpU
IJIaBHH €JIEMEHTU: OIICET, JIyf'e, IIPOLECH U alaTKu.

Kunyunnu 360posu: IT-unrensusaun MMCII; oieHa Ha pU3HIM; paMKa 3a yIPaByBambe CO PUHLIM;
TepIIenIyja Ha PU3HK, TEPEHCKO HCTPaXKyBamke

INTRODUCTION as part of a PhD research focused on development
of new risk management framework for IT-inten-
sive micro and small enterprises.

Prior to conducting this survey, the research
team did extensive literature review and direct
work with organizations from the target group.

This paper summarizes the main findings and
conclusions from the field survey on perceptions of
risk management among professionals from IT-
intensive organizations. The survey was conducted
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What was found is that there is a discrepancy be-
tween the risk management frameworks and risk
assessment models in academic research [1] and
the ones acceptable for utilization in actual compa-
nies. Even more that the current approaches are
developed for large organization and are difficult
to implement in micro and small companies. The
development of ISO30001 [2, p. 3] as a risk man-
agement framework was a step in a good direction
as it presented a generic and simple enough ap-
proach that could be used in the target group — IT-
centric MSMEs. The focus of the research was to
identify the perception of the IT intensive organi-
zations about risk assessment and risk management
in general, and to give guidance on what factors
influence the value they get from the exercise.

OVERVIEW OF RISK MANAGEMENT
FRAMEWORKS

Nowadays, there are several types of risk
management methodologies, some of them issued
by national and international organizations such as
ISO, NIST, AS/NZS, BSI, others issued by profes-
sional organizations such as ISACA or COSO, and
the rest presented by research projects. Each of
these methods has been developed to meet a par-
ticular need so they have a vast scope of applica-
tion, structure and steps. The common goal of the-
se methods is to enable organizations to conduct
risk assessment exercises and then effectively
manage the risks by minimizing them to an ac-
ceptable level [9].

Table 1 provides a comparative overview of
the elements of the various frameworks, methodol-
ogies and/or standards.

Vorster and Labuschagne [8] in their work go
even deeper in the analysis focusing solely on the
methodologies for information security risk analy-
sis and define a framework for comparing them.
The objective of their framework is to assist the
organization in the selection process of the most
suitable methodology and/or framework. The ele-
ments than they are taking into consideration in-
clude:

e Whether risk analysis is done on single as-
sets or groups of assets.

¢ Where in the methodology risk analysis is
done.

¢ The people involved in the risk analysis.

¢ The main formulas used.

e Whether the results of the methodology are
relative or absolute.

Table 1

Overview of elements in risk management
frameworks and methodologies

Type of
framework

Main elements

Resource

Generic risk

11 principles for managing

1SO31000:2009

management risks Risk Management
frameworks Standard [2]
5 segments of framework:
mandate and commitment;
design framework; imple-
ment risk management;
monitor and review the
framework; continual
improvement
5 steps of process:
establish the context; risk
assessment; risk treatment;
monitoring and review;
communication and
consultation
It has 4 sub-processes: Corpuz and Barnes
Risk assessment process;  in their paper on
Risk treatment process; integration in-
Risk communication formation security
process; policy into corpo-
Risk review and rate risk manage-
monitoring process. ment [15]
Information The tiers are: Organization, NIST SP800-39:
security risk mission / business Managing Infor-
management processes and information mation Security
frameworks systems, while the phases  Risk [16]
are: Frame, Assess,
Respond and Monitor
6 steps of process: context 1SO27005:2008
establishment; risk assess- Information
ment; risk treatment; risk  Security Risk
acceptance; monitoring Management [12]
and review; risk
communication.
Views: STROPE — Information secu-
strategy, technology, rity risk manage-
organization, people, and  ment (ISRM)
environment framework for
Phases: DMAIC - define, f{}tﬁ%lses using
measure, analyze, improve,
and control cyclic phases.
IT Risk Domains: Risk Risk IT framework
management governance, Risk [6]
frameworks evaluation and Risk
response
Operational Components: identify, COSO Enterprise
risk mana-  assess, respond to and risk management
gement control risk integrated frame-
framework work [17]
Elements: 1. leadership, 2. RMA Operational

management, 3. risk, and

4. tools.

risk management
framework [18]
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Some of these criteria tightly relate to the risk
management considerations we have identified in
the following section for the IT-centric micro and
small companies.

METHODOLOGY FOR THE SURVEY
AND SAMPLE

The design of the survey questions was based
on the elements encountered in the literature re-
view and the main aspects that challenged the or-
ganization during the implementation of risk man-
agement. It as well covered elements that we have
already identified as a possible solution to the chal-
lenges such as people, policy, methodology and
processes and tools [3]. The survey was structured
in 7 segments with 26 questions in total:

¢ Introduction — 0 questions.

¢ Demographic section — 7 questions.

¢ Questions on risk assessment — 1 question.

® Questions on experience with risk assess-
ment — 9 questions.

® Questions on reasons for not doing risk as-
sessments — 1 question.

® Questions on future risk assessments — 6
questions.

¢ Closing questions — 2 questions.

It was distributed using e-survey tool, Survey
monkey, to large population using direct e-mails,
professional groups for risk management and in-
formation security on social media, IT business
associations, etc. 157 responses were collected in a
15 day period in February — March 2017. 68% of

the responses were complete, and the further anal-
ysis reflect on the complete responses.

When analyzed, the sample with complete re-
sponses, included representatives working in sec-
tors such as IT services, IT outsourcing, Business
Process Outsourcing, Telecoms, Banking, Gov-
ernment institutions, etc. Regarding size, the sam-
ple represents a equal spread among micro, small,
medium and large organizations, with actual 74%
in our target group of MSMEs. 50% of the re-
spondent are from organization incorporated in
Macedonia, and a larger representation comes from
Serbia, Kosovo, other EU countries, Kenya, Bang-
ladesh and Turkey. Majority of the respondents are
on decision-making positions in their respective
organizations.

KEY FINDINGS

General findings

Our of all the respondents, not all have per-
formed risk assessments prior to the survey. Figure
1 shows the distribution where 54% have done it,
and the rest even though some have considered
doing it — haven’t so far.

Those who haven’t conducted risk assessment
so far identified that the reasons were that they do
not see much benefit in it, or that it seemed overly
complex. Those who did perform risk assessment
as a main reason had stated that it was part of a
management system implementation or part of a
strategy/business plan. The most frequently named
methodology that was used for the risk manage-
ment was 1SO27001/ISO27005 that focus on in-
formation security risks.

Have you ever considered performing a formal risk

assessment?

o

22; 16%

51; 38%

= Yes and have done it once

= Yes and have done it on multiple occasions
(on multiple projects or in key situations)

Yes and we are doing it continuously (regular
reviews)
Yes but have never had the time

= Yes but did not know how

= No

Fig. 1. Previous experience with risk assessment
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Another set of question was focused on the
perceived challenges for doing risk management.
As expected, some differences in perception exist-
ed depending on the size of the organization, as
shown on the Figure 2. The grading is from 1 —
impossible to 5 — easy. It can be noted that regard-
less of size, all elements and phases of risk man-
agement were considered as at least doable. Most
difficult ones for micro and small companies were
evaluation of risk, while for the large organizations
was identification of mitigation actions.

Challenges with risk assessment

Aside of challenges, the respondents were
asked about benefits from risk assessments. For
54,1% of the respondents the main benefit was that
it identified where they should improve to mitigate
risks, and for almost 30% it had a teambuilding
effect. For micro and small organizations, even
though the results of the risk assessment were not
unexpected, they helped the organization make
better decisions for growth, new products and new
projects. The variance based on size of organiza-
tion is depicted in Figure 3.

E micro enterprises: fewer than

4
35 10 persons employed;
r
3 o H I small enterprises: 10 to 49
2,5 ] 1 ] persons employed;
2 - - - -
15 - - - - I medium-sized enterprises: 50
r
1 4 - - - to 249 persons employed;
O'g 7 ] | | large enterprises: 250 or more
o ' ' ' persons employed.
& y (‘o/_ fo ?‘o/_ {b fo ?‘0 ?bﬁ )
% % s% %, S.r,}_ S‘P!}- O)O o, —*— Rating Average
')0. /)0 {% '),; 0).-‘9 7 /),{-( 9‘,2
2, B, o B % o, 4
B %, % % % % %,
s, e %, o &% A, By s,
% 58 T o, o, © o8 %
Q ’ ) %, Or ~
/?‘b f}}é @[, r@‘; "
""/('\ s, R0 %,
% o) D,
% 72 7
% % s

Fig. 2. Challenges in implementer per size of organization

Difference in perception of benefits

large enterprises: 250 or more —
persons employed. [—
medium-sized enterprises: 50 to 249 B
persons employed; je—
small enterprises: 10 to 49 persons R
employed; -_
—

micro enterprises: fewer than 10
persons employed;

F

it helped us make decisions on
growth, new markets, new projects

it identified where we should do
better to mitigate risks
it put the team on the same page

it showed us what we already knew

m the results did not make sense

0 2 4 6 8 10 12 14 16

Fig. 3. Difference in perception of benefits
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Findings on expectations

The perception of future benefits was sur-
veyed in several areas which were identified as
part of the new proposed Risk Management
Framework for IT-centric MSMEs. During the
analysis the differences in opinion between re-
spondents who have and who have not previous
risk experience were considered.

Area: Scope of risk assessment
and management

The scope options that the respondents could
choose from were identified based on the previous
experience with implementation of risk assessment

in IT-centric MSMEs, but as well on the prevailing
good practice [1], [2], [4], [5], [5]-[8]. The provid-
ed options to select for scope of risk assessment
and management in the survey included: IT and
security risks, operation risks, compliance risks,
financial risks, strategic risks, other to be specified.
Multiple selections were allowed for this question.
Looking at the entire population of respondents,
the top identified options for the scope of risk
management were: operational risks, strategic
risks and IT/security risks. The sub-population that
had no previous risk assessment experience as well
identified the financial risks as important. The Fig-
ure 4 describes the prioritization of scope elements
by size of organization.

What would you like to see as scope of the risk assessment? (multiple selection

allowed)

Omicro enterprises: fewer than 10

persons employed;

Osmall enterprises: 10 to 49 persons

employed;

Bmedium-sized enterprises: 50 to 249
persons employed;

Olarge enterprises: 250 or more
persons employed.

Fig. 4. Priority of scope elements by size of organization

Area: Size and composition of risk assessment
teams

As people is one of the main elements of the
new proposed risk management framework for IT-
centric MSMEs [3], it is was as well included in
the survey for expectation of future risk assess-
ments. Based on the responses about their past ex-
periences, micro and small companies identified
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that 2—4 persons teams are ideal, while for the me-
dium and large it was up to 10 people. On the
composition of the team, the most selected options
included: representatives from all departments, top
management and IT staff. 40% of the organizations
that had previous experience in risk assessment
and management indicated that risk professionals
or dedicated risk personnel is needed in the team.
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Area: Modality for performing the assessment

As important as the framework for risk as-
sessment is, so is the modality or the way how it
will be implemented in practice, as that is where
the organizations stuggle and get lost in the depth
and complexity of the topic. When asked about the
preferred modality, the sample population chose
the following three as the most preferred: facilitat-
ed group workshop, delegated to various individu-
als using a computer cool and risk team with sub-

sequent consultation. The following diagram (Fig-
ure 5) shows the distribution of the answers among
the respondents.

Interesting finding is the variance between the
responses from those who had and those who had
no prior risk experience in the sense that the organ-
izations that had not have prior experience with
doing risk assessment had a higher preference for
using a computerized tool than consultation with a
risk team, while those with experience made the
opposite selection.

Fig. 5. Modality of risk exercise

If you were to have a risk assessment exercise, how would you prefer to have it
(please rank the provided choices)
3
4,5
4 — =
3,5 — — —
3 4 \nr;i || | -
2,9 T = —] — — —
2 4 | | | | - |
1,5 — — —] — — —
1 H || || || || | -
0,5 H — — — — — —
0 T T T T T T 1
{\OQ% @04:2\@"' &Ko*"‘ é\‘\\” X § g K == ;néfég r:e;tee:r']rg'lios;;a fewer than 10
4 ¢ N ? ) ’
‘xp&' \B‘JQ lz.;\\:’ 0(\" _“\\b\\’ Q’bo’ I small enterprises: 10 to 49
8 (5;9 N Q}O —{\é’\ 6@' persons employed;
Qﬂo ,@A a’b@ {3%& é@\ ,@Q C—medium-sized enterprises: 50 {0
b ; @ -
6@5 @G \%4:, ‘\@ é\(\ RS 249 persons _employed,
.g\{k @0? \\'\ AY) ‘\0 Q’\ Clarge enterprises: 250 or more
oY Qq} Q;':’ 0(\@' 0‘0 0.;@ persons employed.
< QOQ Q 00(\ Q —s—Rating Average

Area: Valuation models for risks

Maybe the biggest difference between aca-
demic and practical risk assessment is in the valua-
tion models [5]. Current research work ventures in
the direction of fuzzy models [9], complex quanti-
tative models [10], economic models [11]. These
models based on extensive scientific research pro-
vide a very in-depth approach and analysis of the
value of the specific risks depending on multitude

of factors. But, at the same time, these models are
very difficult and time consuming for managers to
implement in risk assessments in organizations.
Another obstacle for implementation of these mod-
els is the need for large amounts of data and
stronger mathematical skills. Based on the experi-
ences in implementation of risk assessments in
MSME:s, we have found that they prefer the quick
and simple model. During the survey, the questions
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was posed to the sample population and their prior-
ity was a mix of qualitative and quantitative model,
using value ranges from low to high or from 1 to
10.

Area: Duration of risk management exercises

The existing risk management frameworks do
not give estimates or guidance on duration of risk

assessment exercises [2], [6], [12], [7]. On the oth-
er hand, that is a deciding factor for managers in
organizations — when will that have the result as it
is needed for making decisions. The surveyed pop-
ulation, comprising of over 150 organizations was
with equal distribution of micro, small, medium
and large organization as shown on the following
diagram (Figure 6).

How many people are there in your organization
(employed or otherwise engaged)

38; 24%

34; 22%

44; 28%

41; 26%

= micro enterprises: fewer
than 10 persons employed;

= small enterprises: 10 to 49
persons employed;

medium-sized enterprises: 50
to 249 persons employed;

large enterprises: 250 or
more persons employed.

Fig. 6. Distribution of respondents by size of organization

Regardless of their size, the predominant an-
swer was that the duration of the risk assessment
exercise should be 2—4 weeks. Other well repre-
sented answers were: as long as it takes and 1-2
months.

Area: Frequency of review

The risk management is a continual process,
where risk assessments are done on regular basis
[2]. Even though the international standard on risk
management ISO31000 recommends “regular re-
view at least annually” [2, p. 3] it is up to the or-
ganization to decide its frequency. Based on the
survey results, it can be seen that this recommen-
dation is taken seriously as it was the most domi-
nant response. Other significant responses included
review on quarterly basis as well as review per
project or significant change.

IMPACT OF FINDINGS ON PROPOSED
FRAMEWORK

Based on practical work on implementation
of risk management in IT-centric MSMEs in the
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Balkans, in 2012 we identified the following chal-
lenges for risk assessment [3]:
¢ Need for integrated approach to treat various
types of risks.

e Need for comprehensive and usable meth-
odology.

The same challenges were confirmed by the
findings from the survey, but additional concerns
were raised such as getting value out of the risk
assessment.

These challenges were addressed in our pro-
posed risk management framework for IT-centric
MSME:s that covered the four key elements: peo-
ple, processes, policy and tools [13].

The new findings from the conducted survey
indicate that the initially proposed risk manage-
ment framework needs to be refined and extended.
Specifically, the redefinition of the “people” ele-
ment to include guidance on the composition of the
team involved in risk assessment; and “methodolo-
gy and processes” to include guidance on duration
and frequency. The extension of the framework
should be in adding an element for “valua-
tion/assessment” where the models for valuation of
the risks will be elaborated.
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CONCLUSIONS

Risk management is an activity of importance
for all types of organization, but MSMEs are per-
forming it less regularly and more intuitive. As
confirmed by the survey, even though all types of
organizations are finding risk assessment doable,
challenges exist and leveraging on the past experi-
ence and existing framework and guidelines can
help in future risk exercises. Light and simple ap-
proach, in short time period with a consultative
multidisciplinary team is the preferred way of do-
ing risk assessment for the IT-centric MSMEs. Fu-
ture work should be focused on refinement of the
proposed risk frameworks to reflect on these pref-
erences.

Acknowledgment: Sincere gratitude to the organiza-
tions and individuals who took part in the survey and in our
previous work on testing the risk management framework for
IT-centric MSME:s.
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A bstract: The life on this planet is not sustainable without energy and as energy consumption is rapidly and
uncontrollably increasing, it is important and urgent to reduce this consumption without harming the quality and
comfort. Both suppliers and consumers of energy are facing challenges, suppliers need to develop and implement
technologies for more efficient and cleaner supply, whereas consumers to reduce the demand by increasing efficiency
of use. Energy Management Information System (EMIS) enables effective measurement and accordingly, planning
and decision making regarding management of energy use and costs. The goal of this article is to elude the imple-
mentation process as well as the ongoing operation within every EMIS. As a performance management system, its
designed and implementation is dependent on the site and facility, therefore its features vary regarding needs. Despite
that, EMIS has shown as beneficial, trough enhancing productivity and efficiency and by that providing gains for
each consumer, as individual or as enterprise. Its operational cycle consists of 4 repetitive phases, ensuring
continuous control and refinement.

Key words: energy efficiency; energy management information system; energy performance; smart grid

OIINC U AHAJIN3A HA THOOPMAIIMCKUTE CUCTEMHU 3A EHEPTETCKHOT MEHAIIMEHT,
KAKO KOPUCHA YIIPABYBAYKA AJIATKA

AmctpakT: XKuBoTOT He MOXe Ja Gune oapikiIuB Oe3 eHepruja, a OMAejKU MOTPOIIyBaYKaTa Ha CHEPrujaTa
HEKOHTPHJIOPAHO PACTe, MHOTY € Ba)KHO Taa Jja ce HaMalM Oe3 IPHTOa [a ce BIMjae Ha KOM(OPOT U KBAIHETOT Ha
xuBeewe. 11 nucTpyOyTepuTe M KOPUCHHIMTE HA CHEPrHja CE COOYYyBaaT O IPEAM3BUL: TUCTPHOYTEPUTE MOpa Jja
HAajIaT HAuMH J]a UMIUIEMEHTHPAAT TEXHOJIOTHH 3a Moe(HKACHO U MIOYUCTO CHaOyBame, a MOTPOIIyBaYnuTe Tpeda aa
HajiaT HauyuH Ja no0apyBaaT HOMalo KoJMecTBO eHepruja. CHcTeMHTe 3a eHeprercku MeHanMmeHT EMIS
OBO3MOXYBaaT e(EeKTHBHH MEPEa U COOJBETHO HAa TOA IUIAHUPALE U JOHECYBAE OMTYKH 32 MPOLECHTE MOBP3aHU
CO YNPaBYBaWETO CO eHeprujata u co Tpomonure. OBa HCTPaXKyBambe Ce OCBPHYBA Ha MPOLECOT HAa HMIUIEMEHTALja
u epexruBHa ynorpeba Ha EMIS. KapakrepucTukure Ha CHCTEMOT JOMOJHUTEIHO 3aBHUCAT OJl MECTOTO M OlpeMaTa
3a Koja ce ymoTpebyBaaT, Ia CHCTEMOT Bapupa BO 3aBHCHOCT of norpebure. I noxpaj toa, EMIS mokaxysa
KOPHUCHOCT IPeKy MoA00pYyBame Ha MPOAYKTUBHOCTA M €HEpreTcKata e(UMKacHOCT Ha CUCTEMOT, ¥ Ha TOj HAYMH JaBa
JIOTIOJIHUTEJIHU TIPUAOOMBKH 32 KOPUCHUKOT Ha CHCTEMOT. OnepaTHBHUOT LUKIIYC C€ COCTOU Of 4eTHpu (asu kou ce
HOBTOPYBAaT U Ha TOj HAUMH ce 00e30eyBa KOHTHHYHPaHa KOHTPOJIA U YCOBPIIYBambE.

Kiyunu 360poBu: eHepreTcka ehuKacHOCT; CHCTEM Ha CHEPreTCKH MEHALIMEHT; CHEPreTCKH nephOpMaHCH;
HaMETHH MPEKH

1. INTRODUCTION Energy Sector is facing uncertainty in prices,
both of electricity and carbon, energy infrastruc-
ture, economic crisis and most importantly the en-
ergy resource quantity in order to satisfy the fast-
paced increasing electricity demand. According to
many researches of World Energy Council, the en-

Carbon Trust: “Reducing energy use makes
perfect business sense; it saves money, enhances
corporate reputation and helps everyone lead the
fight against climate change”.
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ergy consumption is projected to increase ap-
proximately 40-45%, by 2050, varying regarding
different scenarios [1].

Energy management is a circular process that
begins with metering the energy consumption
and/or production and collecting data. Quantity
and quality of data are of high importance, as the
shorter the interval of measurement and the more
detailed the data is the more precise calculations,
predictions can be done. Also patterns can be ex-
tracted and the waste of energy can be spotted
which will contribute to more energy efficient
planning. After quantifying the data and analysing
opportunities for energy savings, planning and im-
plementation should be performed. Continuous
control and improvement is the official last stage
of the process. However, this is an on-going proc-
ess which requires regular inspection of the system
in order to keep up with the current technologies
and developments that might present a new op-
portunity of improvement [2].

As is shown in Figure 1, in order the energy
management to provide the expected improve-
ments an efficient flow of data is essential. There-
fore, Energy Management Information System
should be a fundamental tool implemented within
the Energy Management System itself.

Energy
management

En. Profile
Baseling

Reporting

Energy Management Information System

Fig. 1. Energy Management (Reprinted from [20])

Energy Management Information System
(further referred as EMIS) is an interactive system

for storing, analyzing and representing energy data,
inducing energy performance advancement that
will be analyzed throughout the thesis.

Successful examples of companies that have
implemented as Kodak, eliminating $30 million in
annual energy recurring costs, Artisi Consolidated
reduced the Electricity cost for $1 million in the
first year, New Afton Mine has saved 9 GWh of
energy and exceeded their energy objectives etc.
are a proof of the effectiveness of EMIS.

2. STATE OF THE ART

As a relatively new tool for energy saving,
EMIS has a high potential for research especially
due to its relevance in improving performance and
productivity. However due to the aforementioned
reason sources are limited.

EMIS uses the synergy of information, inte-
gration and innovation to help in the overall im-
provement of a business, simultaneously reducing
the footprint of an enterprise.

The basis of the concept is energy manage-
ment which has been elaborated in numerous
books, journals and diverse research reports. EM
as concept started evolving since the first oil crises
1973. Since then sufficient data is collected and
can be analyzed with little possibilities of mistakes,
which leads to reliable sources of the structure and
benefits of EM. For the purpose of the following
research Energy Management Handbook was used
as a reliable source that informs on the analysis,
both technical and economical on HVAC systems,
control systems, lightning, air quality, energy
maintenance, energy resource purchases etc. and
advising on measurement and verification of en-
ergy savings. This handbook has 8 editions, latest
one in 2012, verifying its reliability.

For in-depth analysis of EMIS few reports
and papers were considered for relevant.

In general, the researchers agree on the bene-
fits EMIS can provide. Canadian Office of Energy
Efficiency of Natural Resource [3], through the
handbook has elaborated the advantages of the sys-
tem, its factors of success as well elements that
constitute the Energy System to achieve the goals.
However, as expected, the development is differ-
ently defined depending on the area of work and
the report writers. Differentiation exists among
implementation recommendation as most of the
information systems need adjustments and cus-
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tomization, making each system unique and there-
fore carrying different features. Again, the Office
aforementioned [3], has listed steps, given below
which, have been reordered by Lawrence Berkley
National Lab. from US Department of Energy [4]
as it starts with inspection of possibilities to inte-
grate it in the existing infrastructure, being step 3
in the first resource.

Most of the resources available show that EM
has been most popular in smart buildings and smart
grid technologies as most benefits can be received
in these areas.

On one side the buildings energy management
is mostly researched by companies involved in de-
signing and development of such systems and state
agencies, such as Better Buildings Initiative of US
Department of Energy [5] whereas smart grid
technologies is widely examined by the industry
and academics providing in-depth research and
reliable results due to instantly realised benefits as
well as detected anomalies and potentials for im-
provements, as elaborated by Aman S., et al. [6]

3. DEVELOPMENT AND IMPLEMENTATION
OF EMIS

Energy consumption which, as above stated,
is substantially increasing due to the economic
growth and technology development, has two par-
ties involved in each transaction: supplier and con-
sumer. Supplier side, involving both the supplier of
energy and the supplier of goods and services that
consumes energy have need for energy manage-
ment, as their incentives are led by higher profits.
Since the governments have engaged in working
on the climate change issue, regulations regarding
energy efficiency have been introduced, which in-
fluences the suppliers in their management of re-
sources they deliver.

The demand side requires economic and be-
havioural analysis in order to create a solution that
can help the reduction of energy consumption in
the shape of demand response initiatives. An inte-
grated information system can manage both sides
reducing the demand and improving efficiency.

Energy management information system has
its prime role to support the energy management as
part of the overall strategy of the organisation. The
system should be developed regarding following
factors [3]:

— Particular site, type of facility.
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— Processes and plant involved, i.e. if it is in-
dustrial facility, the type of plant gives energy in-
tensity and needs.

— Cost of energy, potential savings.

— The urgency of the information necessity.

— Capital availability, for investment in de-
velopment, implementation and maintenance of
EMIS.

— Existing infrastructure: meters and instru-
ments, equipment existing on site will influence
the capital investment amount.

— Monitoring and control systems.

— Data bookkeeping, historical data has very
important role in future planning.

— Data analysis and reporting systems, the
communication in the company and information
flow.

— Existing management systems, how the
company is managed influences the path of devel-
opment of EMIS.

Mainly, for multi-site organization, for exam-
ple, more sophisticated systems are needed, re-
questing higher capital investments and time as
well as costs associated with monitoring. As for a
smaller organization the system can be simpler and
less comprehensive.

In order the EMIS to be successful in de-
creasing the energy consumption and improving
the procurement, the development should be per-
formed regarding the features stated below. Based
on the features the elements as components of
EMIS will be considered as follows.

3.1. 1SO 50001

As Energy Management System aids energy
efficiencies and savings as well as resource con-
servation, ISO 50001, as standard was developed
to support the organizations in the process of qual-
ity and environmental management. According to
this standard [6], the enterprise and management
are responsible to authorize employees accountable
for energy management activities, ensure that it is
the EMIS established in the company is precisely
implemented, maintained and continuously im-
proved. Moreover, it should promote awareness by
setting up energy policy which should incentivize,
commit employees in the process of performance
improvement. Therefore, it should be in compli-
ance with company’s strategy, goals and culture
and to be regularly reviewed and updated as well
as communicated to all levels.
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3.2. Feature of EMIS

Generally, the information system should en-
sure data flow and storage safety, quality insur-
ance, by recognizing gaps and outliers by that mis-
takes, metering, mapping, verification of changes.
Furthermore, EMIS should be able to give clear
visualization of energy profiles and perform port-
folio benchmarking defining the best practise. Ad-
ditional features EMIS importing or exporting of
data according needs as well as calculation of re-
turns on investment and performing financial
analysis. [7]

3.3. Elements of EMIS

An intelligent energy system should have
three technologies present and integrated: flow
network, representing connected transport compo-
nents that enable the movement of matter or ob-
jects such as air, electricity, water, packages, con-

Managers

Operators ¢ Decision

Support

Tools
Reports |

Engineers

Process Monitoring
(sensors) _— and Control
Systems

o
Analysis and
Reporting
+—> —_—
Tools

tainers, people etc, then sensor network, which is a
set of devices that measure and report status or
condition such as temperature, pressure, location,
speed etc. and in the end sensitized object, which is
owned or manage and has integrated metering sys-
tem that reports on its use, for example some ap-
pliances can report power consumption. [8] [3]

Therefore, basic elements of EMIS are sen-
sors and instruments, data infrastructure and soft-
ware tools (marked red on Figure 2).

Commonly, the corporate IT system can be
used to network the data infrastructure for process
monitoring and management, enabling consolida-
tion of data and functioning as a unified system.

Sensors and instruments (meters, for energy
use and measuring factors influencing the energy
use) are connected to the monitoring and control
systems (for example SCADA). Within the system
software tools proceed with data analysis, reports
and decisions as well as storing data in the data
base for further use.

Reports ||

Managers
Operators

A Engineers

i‘ Data / Reports

Database
(Historical data)

Fig. 2. EMIS elements (Adapted from [8])

3.4. Steps of implementation

Following the analysis of crucial factors, fea-
tures and elements, the implementation can be de-
fined in 6 steps [3]:

1. Planning and creating a vision of effective
EMIS for energy saving, reduction of emissions,
competitiveness, need for real-time fault diagnos-
tics and by that quality increases. During this phase

it important to define the needs of the organization
it is intended for, and to simulate in order to assess
the usefulness of the system

2. Design of EMIS, consideration of meas-
urement issues and definition on type of measure-
ment regarding the data needed. Performance
measurement should be presented real time and
person in charge should be involved in order to set
achievable but aspirational targets, that are evi-
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dence based. During this stage the level of com-
prehensiveness of data should be decided upon, as
a trade-off exists between detailed data and cost.

3. Consider integration into existing systems
is an important step as it can reduce costs of devel-
opment and implementation. Also integration of
EMIS into existing IT systems, means data acqui-
sition can be done for all purpose and integrated all
together, reducing the possibility for mistakes and
inconsistency of data. Even integrated, certain ad-
justments and additional inputs and equipment will
be required, which should be defined during this
evaluation as it will influence in the decision of
creating a new system or integrating in the existing
one. Another important factor is integration and
interaction of technology and people, as certain
trainings might be required to encourage employ-
ees to share information and up-skill them for the
future use of the system. Communicating informa-
tion can be an issue for certain people, as lack of
awareness of benefits or fear of consequences can
exist. Overcoming these issues is an important part
of management tasks is a successful implementa-
tion is to be performed.

4. Cost/Benefit analysis, commonly, is of ex-
treme importance so that the project gets accepted.
However, it is also hard to estimate the exact an-
nual utility cost saving. According to a research in
the UK, approximately 8% can be saved from an-
nual cost with proper implementation of the sys-
tem. Better estimations can be obtained if the or-
ganization can provide data on the areas of the
greatest energy use and potential saving as well as
launching pilot project that can test and give more
precise estimate. On the cost side, expenditures for
implanting EMIS should be proportional to the
site’s annual utility costs, according [3], the fol-
lowing expenditures are advised (shown on Table

1).

Table 1
Justifiable EMIS capital costs

Annual Approximate Justifiable
Utility Costs EMIS Capital Cost
$ upto $
125,000 25,000
250,000 40,000
600,000 50,000
1,250,000 150,000

(Reprinted from [3])
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Besides the investment costs, the operating
costs are of high importance and should be consid-
ered to complete this step.

5. Obtain support from Decision Makers is
the final step of finalizing the initial version. In this
stage the energy manager should present the pro-
ject to senior management, which is responsible for
final decision and therefore approval. This implies
that if the following stages were properly per-
formed, and the management is skilled and in-
formed as well as aware of the technology ad-
vances any company needs to undertake, the pro-
ject of EMIS will be approved for implementation.

6. Continuous control of the performed ac-
tivities and results to ensure proper implementation
and prevention of any kinds of failures and mis-
takes.

4. OPERATION CYCLE OF EMIS

EMIS consists of four basic repetitive phases:
gathering data, opportunities for action and chan-
ger, defining specific options, develop guides and
control [9].

4.1. Data gathering

Data are raw materials for forming informa-
tion, which builds up the knowledge regarding a
certain situation. Three categories of energy man-
agement data are defined [9]:

— Consumption;

— Cost, the most important factor of every or-
ganization, providing financial information;

— Drivers, any factor influencing the con-
sumption, example weather;

— Drivers can be features of organization's ac-
tivity that influences the consumption or certain
conditions. Examples of drivers are: weather, hours
working, hours of darkness etc.

The process of collecting data is usually very
complex, depending on the number of points of
collecting data, the method and frequency of data
gathering.

Two methods of collecting data can be em-
ployed [9]:

® Collecting data from meters

In order to provide the data, meters and me-
tering periods should be defined. Depending on the
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situation more than one meter is installed. The me-
tering period, which represents the time between
meter readings, is defined based on the needs of
precise data. The collection can be performed
manually, by staff, or electronically, based on elec-
tronic pulses which are proportional to the data
collected.

e (ollecting data from invoices

In the case where meters cannot be installed
or the measurement point is on a remote location.
In this case the information in the invoice should
be correct, specifying tariffs, details included in
order the right calculations of energy consumption
to be performed.

Frequency of data collection is defined based
on the needs of the system. Frequent reporting,
therefore, is needed to capture anomalies in current
flow, or energy spikes, which can indicate major
(and expensive!) problems if left unchecked. It
should be proper to allow problem discovering and
solving on time, at least twice the frequency of
fluctuations on energy in order to receive more
clear data. However, very high frequency may
show too much variation leading to wrong as-
sumptions and conclusions, as the variation will be
a result of control systems changes instead of real
energy performance variation. In general, the fre-
quency of metering should be suitable to get more
precise and realistic pattern of consumer behav-
iour.

Another crucial factor is the data quality, or
the usefulness of the data. High quality data is
most valuable asset, since bad data can seriously
harm the business's credibility and integrity. The
core dimensions of data quality are: Completeness,
Uniqueness, Timeliness, Validity, Accuracy and
Consistency. Completeness of data stands for data
without gaps and space for speculation, meaning
that all available data has been collected. Data
should not have any duplicates reported, so that the
risk of assessing out-dated information decreases.
Furthermore, regular update of the database is to
ensure all changes have been captured up to the
date of analysis. Validation of data is performed to
control for conformity to the syntax (format, range,
type) that has been previously defined. Consis-
tency is defined as absence of difference or uni-
formity and reliability of repetitive events and Ac-
curacy stands for precision and exactness, if the
data is good fit with reality [10].

It is important to explicitly report that Real
Time data required so that poor performance can

be quickly identified, understood and models can
be created, by that the solution can be implemented
sooner. In order the system to take real time data,
the costs are high and the system is more flexible.

(3]

4.2. Analysis and Opportunities Spotting

This is a very important step of transforma-
tion of data into information and can be done on
regular basis in order to plan and evaluate, and can
be automated or can be done to investigate a situa-
tion. When analyzing the first stage is looking at
the energy only, then the energy data and drivers
itself to explain the previous figures. A factor that
influences the data analysis techniques is the vol-
ume of the datasets. For example, the pattern of
seasonal consumption is to be explored, monthly
data is needed, but heating is not used all the 12
months. Therefore, a weekly data should be used,
meaning the data volume is larger.

During this phase it is important not to cause
“Paralysis by analysis”, state of over-analyzing and
not taking any action, leading to unplanned exces-
sive costs.

To analyze data efficiently, various tech-
niques exist, chosen according to the needed output
[9]:

e Normalized Performance Indicators (NPI),
kWh per square meter of floor area annually, ad-
justed for weather, operating hours etc. It is used
usually for buildings energy performance in
benchmarking process.

e Specific Energy Ratio, kWh per unit of
output, used to express performance of industrial
processes. It is also called the Specific Energy
Consumption, and can be calculated as energy used
divided by a production measure (driver).

e Current and Past Comparison, comparing
energy performances.

e Trend Line, expressing a direction of the
biggest fraction of data points, energy use against
time.

e Profiles, consumption patterns over spe-
cific time periods (daily, weekly, monthly, yearly),
that can be compared with current or past profiles,
average values in the profiles and control for dif-
ferent boundaries for the values.

¢ Contour mapping, 3D display of profiles.

e Lines of best fit, line that best describes
the data on a scatter plot. Energy is plotted and a
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driver in order to define how it influences the con-
sumption.

® Variances, showing deviation from antici-
pated energy performance.

¢ Cumulative sum of variances from stan-
dard performance, technique for determining
whether a specific measured level of consumption
varies significantly from the expected level, or
whether the variation is just random “noise”.

¢ Control charts, having a central line for av-
erage and upper and lower line as limit lines de-
fined from historical data.

4.3. Targeting the solution, communication
and implementation

Outputs from analysis are received in many
forms from the System to be used for solving dif-
ferent issues. In order the process to evolve in effi-
cient solution, the conclusion i.e. the output from
the analysis has to be communicated, as depicted
on Figure 3, transformation of information to ac-
tion.

Communication
e
Information Added value #

Action

J
i

Fig. 3. Processing the information into data
land consequently action
(Reprinted from [9])

The process of communication is divided into
three categories [9]:

— Regular, as a report issued on time basis

— Exception, on a need basis

— Ad-hoc, as a result of requested investiga-
tion.

To complete a successful transfer of informa-
tion it should be decided who are the recipients of
information and the exact information to which
recipient should be delivered. Miscommunication
can lead to implementing inappropriate or ineffi-
cient solution or ignoring a situation resulting in
unnecessary costs and pollution.

Furthermore, communication too often can
lead to information overload and decrease produc-
tivity, as infrequent communication can harm fur-
ther actions.

To conclude, the right information is needed
at the right time reported to the right person.
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In order an action to be undertaken, informa-
tion is needed as well as policy should be imple-
mented. Graphical representation of results is the
best option of presenting and notifying, as it can be
received as information in an easier and more effi-
cient manner.

4.4. Development of guidelines for future use
and control

In order the System to function properly and
the goals of its implementation to be achieved it is
required to have the following [3]:

— Energy data that will help in improving the
most affected areas

— Targets, must be regular reviewed and up-
dated, take into account the influencing factors
such as: outdoor temperature, operating hours,
production rate, hours of occupancy etc.), realistic
but optimal and defined after a detailed research
and monitoring of past experience and bench-
marking. These targets should be communicated
with the management and responsible to clarify
any issues or misunderstandings in advance.

— Reports on the variation of the real data
from targets, and the level of detail depends on the
intended audience and their expertise.

— Training of the staff and team building so
that no space for speculation and mistakes is left

— Decision support providing a framework on
decision making methodology and agreement to
shorten and simplify the process of making a deci-
sion that tackles more departments/sectors

— Audited success, so to sustain motivation

— Motivation and recognition, means re-
warding systems and support from leaders

— Benchmarking and best practises is always
beneficial for the organization to measure perform-
ance in relation to other companies or sites and
represents an excellent learning opportunity. It is
important to compare practices that have similari-
ties in activities, conditions and tackle similar mar-
kets.

5. ADVANTAGES AND DISADVANTAGES
OF EMIS

Energy Management Information System
should be a very important part of every successful
enterprise and is a valuable asset of a company if
managed appropriately. If used properly it will rep-
resent a basis for competitiveness by easing the
communication, decreasing the linguistic, geo-
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graphical, cultural gap between countries. Fur-
thermore, the IS is available at any time, making
doing business more convenient and ensuring cost
effectiveness and productivity boost.

Main purposes of EMIS are recording rele-
vant data, analysis of energy consumption, calcu-
lation of energy indicators, recording undertaking
energy efficiency measures, identification and de-
velopment of energy efficiency projects, rising
awareness and promoting energy efficiency. There-
fore, if it is properly developed, implemented and
maintained, the company can benefit from EMIS
providing [3]:

e Early detection of poor performance,
which can be done based on comparison of actual
performance with targets and spotting deviations,
enables identification of acute problems (excessive
energy consumption and losses) as well as taking
corrective actions.

e Evidence of success, validation that ac-
tions that had been undertaken have been success-
ful comparing to beforehand deffined benchmark
value which takes into consideration the external
influences on energy use, such as production, am-
bient temperature, etc.

¢ The actual consumption of energy and the
price of it.

e Support for decision making, can help in a
situation where a difficulty in decision making
arises, and the support can come in different forms:
guidelines, charts, systems etc based on knowl-
edge-based systems or data mining.

e Effective performance reporting, to ensure
that the responsible are taking effective action.

¢ Auditing of historical operations, helping
engineers and managers to learn from the past
situations and perform better in the future.

¢ Identification and justification of energy
projects, the improvement investments can be eas-
ily justified and opportunities can be revealed.

e Support for energy budgeting and manage-
ment accounting, historical relationships used for
future budgeting. The data can reveal the true price
of energy, product specific cost of energy, how the
production volumes influence energy cost per ton
of product.

e Provides basis for project preparation in
order to apply for funding.

¢ Energy data to other systems such as re-
source planning systems, scheduling systems, envi-
ronmental reporting, management information sys-
tems, corporate systems etc.

However, EMIS has its downside as of secu-
rity issues, unemployment and lack of job security
(automation of certain activities previously done
manually) as well as costs for implementation and
maintenance. Since every method of gathering data
has costs, choice should be made when costs of the
method are equal or lower than savings potentially
made with application of that data. Costs are also
associated with user licence and trainings if
needed. However, maintaining costs are usually the
highest and should be considered when calculating.
As mentioned, lot of work is processed automati-
cally, performing task by computer that used to be
done by people, causing job losses.

Security is one of the main issues, making the
system vulnerable to security breaches and if not
well protected, unauthorized individuals may have
access to confidential data.

Furthermore, the system requires continuous
work of operation in cases of manual entries, due
to missing data and inability of importing a data-
base. In the case of automatized data entries, the
disadvantage, before mentioned disappear but the
price of monitoring system increases.

In the end and very important the human fac-
tor is present and can influence in achieving the
goal as of generating mistakes while working.

6. BARRIERS AND CHALLENGES

As still new and developing technology, the
EMIS has lots of challenges to face and potential
to improve, keeping pace with the extremely fast
technology development.

The basis of the implementation and devel-
opment lies in the understanding, vision and com-
mitment as well as support of the management. If
the management can spot the need of energy man-
agement in general and the benefits of information
system to support it the development of the com-
pany is most certainly in the right direction. How-
ever, energy management for a big portion of man-
agers is still seen as unnecessary and even useless.
For many the benefits cannot be received immedi-
ately, therefore rejecting proposals for any kind of
EMIS is more intuitive. Another reason for lack of
support among managers is the failure of previous
similar projects. For this and above mentioned rea-
sons, the motivation between the management can
be on a low level, usually transferred on the em-
ployees as well.

In the case of accepted EMIS project, it is
crucial that a well-defined company policies exist,
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explaining goals and objectives and easy-to-under-
stand guidelines that will help the employees of
every level understand the need and feel involved
in improvement. The policies and directives should
be built on procedures and regularly updated due to
technological, organizational changes or need-ba-
sis from experience.

For every implementation to succeed a very
important element is defining and allocating the
responsibilities and by that meaning accountability
and authority. Furthermore, and obvious element is
the budgeting. As mentioned few times across this
text, the available budget is crucial as are human
resources. The initiator should have a good project
elaboration and vision that can be transferred to the
CFO or a funding organization (in case of external
financial support). The more the project focuses on
benefits implication the bigger are the chances of
the budget being assigned to the project. For the
capital planning two basic types of costs should be
accounted for: first cost (for new or replacement
equipment) and life-cycle cost (operating effi-
ciency of equipment and the pay-back period
which can be most influential in making the deci-
sion for implementation of such system.

According to research [11], facility staff asses
few thing besides simplicity that valuable to them
as connection of EMIS with mail for alerts, data
and reports; graphical representation with coded
colours, simplest interface possibly without need
for training, that would basically shorten the time
and reduce the possibility of mistakes.

In order the whole implementation to proceed
as flawless as possible, a good training and regular
report on savings and improvements is necessary,
contributing to the motivation of the involved.

As the above mentioned elements can be cru-
cial to success, certain barriers arise such as lack of
interest in energy cost/consumption as long as they
are making profits and lack of understanding that
energy is a cost that can be reduced or that EMIS
can be helpful in increasing overall efficiency. An-
other obstacle is the lack of resources such as capi-
tal and human resources, knowledge and ex-
perience. Inability in integration of production data
with energy data can be a problem, slowing down
the process of Energy Management [12]. One of
the biggest fears of managers is risk of the un-
known and new technology, here including: com-
petition (companies that have already gained cer-
tain experience regarding this technology), un-
known on-going costs, technology development
and market development as well as fear of political
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crisis due to instability which influence the mar-
kets in general.

7. ENERGY MANAGEMENT SOFTWARE

Even though, EMIS is relatively new concept,
it has proved its effectiveness. Many companies
have developed software that can be implemented
or companies that offer custom-made solutions to
adjust the system even more to the company's
characteristics and needs.

Below are shortly elaborated some of the
most popular software among companies.

Energy advisor [13], created by Emerson
(Figure 4), manages energy consumption and re-
ports and notifies for direction to reduce energy
costs. It is convenient as it monitors equipment,
since deteriorated equipment consumes more en-
ergy.

Utilities direct [14], offered by the company
named the same, provides Energy Management
and Metering, trough real time data shows energy
consumption in 30 min. intervals. It can be imple-
mented in single-site or multi-site company, how-
ever It is focused on medium to large companies
and larger energy consumers. One of the best fea-
tures is the flexibility to adjust and switch to dif-
ferent suppliers as well as asset registration and
invoice preparation tool.

Sap Energy Management Software [15], by
SAP which as a company creates different modules
to increase productivity and by that to reduce costs,
offers smart metering and analytics as well as de-
mand side management tools. Its features offer cost
effective design of strategy that will comply to the
environmental regulations. One of the biggest ad-
vantages is the integration with financial data and
the development of the SAP system on a whole.
However, according to some reviews, SAP is gen-
erally falling short in user-friendliness of the inter-
face. Therefore, SAP can be beneficial for every
company that uses SAP already and/or is able to
adapt to the new interface.

Schneider Electric Power Logic ION EEM
[16], created by Schneider Electric, focuses on in-
tegration of business and energy strategies, making
it focused on financial gains and losses more than
pollution reduction. This software has powerful
graphics and models, visualising solutions. An-
other benefit is the customization options as well
as flexibility in integration and sharing data with
other parties and systems.



70

S. Domazetovska, G. Vrtanoski, D. Dimitrovski

& " § 98 00 0086

GEEmcEE O
Time Report Houston Refinery-Crude Area
EMERSON
Sart Date: W00 1000 AN Eod Dot N20200 W26 M AN
1000 hmar Rafwer, Cam | A N
95.50% P YN ¥ oSN w2
L 4
—n — — et
— e
oy = T = & =
o -

CEmmoBE 0 - "
P Report: Houston RedAnery-Crude Area-CDU-1 Q
EMERSON
Saart Date  WIQ0M T W 0 AN Gt Dem %2000 Was M aw
M CPU 822 P24 0 AM Asg CPU 16
Nn OPU ] 132014 322 00 PV
CHU
.
——
| Joisk Vo g e .
. } o s =4 .
vy 3 ‘—f—‘- = | ’
N ! J—Se—— .
!
' 3
’
TN e

[

Lovet Bowwge (VU1

e

Fig. 4. Emerson Energy Advisor, left - energy consumption real-time representation, right — reporting (Reprinted from [13])
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eSightenergy [17], by eSight, focuses on
small and large companies and is web-based soft-
ware, making it easily accessible and has options
for pay-as-you-go. Companies can use it for bill-
ing, as it provides them with tariff details including
1-minute interval variations.

Credit360 [18], used by Swiss Re and Barclay
is concentrated on planning and forecasts promot-
ing sustainability, as it helps the company reduce
footprint without cutting into profit and, except
energy data, it also collects data on carbon emis-
sions. Although it contributes in making the busi-

ness greener, it does not improve business produc-
tivity as it would be expected.

JouleX [19] (Figure 5), as one of the leaders
in IT, CISCO has designed an energy management
software solution that monitors, analyses and con-
trols energy usage and according to their sources
contributes to reduction of energy costs to up to
60%. Offering flexibility and remote control as
well variety of tools of adjustment and reporting.
Though very useful and popular, it is more con-
venient for large data centres and heavy server
loads.
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Fig. 5. CISCO Energy Management Software (Reprinted from [19])

CONCLUSION

To conclude, the EM systems need to provide
the users with easily accessible and operable inter-
face as well as intelligence that will result in sav-
ings and profitability as it is the goal for all market
participants. Driven by the needs of energy saving
and resource depletion, EMIS is advantageous over
passive systems of energy data recording as it
gives real-time information, notifies, controls and
handles the consumption. Above all it will reduce
the pollution and enable sustainable economic and
social development.
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Arabic numerals (e.g. Table 1, Fig. 1). Tables and figures should be self-contained, i.e. should have captions
making them legible without resort to the main text. The presentation of the same results in the form of ta-
bles and figures (diagrams) is not permitted.

Figures and tables must be centred in the column. Large figures and tables may span across both col-
umns (Figure 1).
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Fig. 1. Example of a graph and a single-line caption

Graphics may be full colour. Please use only colours which contrast well both on screen and on a black-
and-white hardcopy because the Journal is published in black-and-white, as shown in Figure 2. The colour
version is only for the electronic version of the Journal.
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Please check all figures in your paper both on screen and on a black-and-white hardcopy. When you
check your paper on a black-and-white hardcopy, please ensure that:

— the colours used in each figure contrast well,
— the image used in each figure is clear,
— all text labels in each figure are legible.

Please check all figures in your paper both on screen and on a black-and-white hardcopy. When you
check your paper on a black-and-white hardcopy, please ensure that the image used in each figure is clear
and all text labels in each figure are legible.

Fig. 3 Example of an image as it will appear at the electronic version of the journal and a multi-line caption
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Footnotes are also not permitted.

The reference should be given in a separate section in the order in which they appear in the text. The
surname of one or two authors may be given in the text, whereas in the case of more than two authors they
should be quoted as, for example:

Examples of reference items of different categories shown in the References section include:
« example of a book in [1]

« example of a book in a series in [2]

« example of a journal article in [3]

» example of a conference paper in [4]

« example of a patent in [5]

« example of a website in [6]

» example of a web page in [7]

« example of a databook as a manual in [8]
» example of a datasheet in [9]

« example of a master/Ph.D. thesis in [10]
« example of a technical report in [11]

» example of a standard in [12]

o All reference items must be in 9 pt font. Please use Regular and Italic styles to distinguish different
fields as shown in the References section. Number the reference items consecutively in square brackets (e.g.
[1D.

When referring to a reference item, please simply use the reference number, as in [2]. Do not use “Ref.
[3]” or “Reference [3]” except at the beginning of a sentence, e.g. “Reference [3] shows ...”. Multiple refer-
ences are each numbered with separate brackets (e.g. [2], [3], [4]-[6]).

The category of the paper is proposed by the author(s), but the Editorial Board reserves for itself the
right, on the basis of the referees' opinion, to make the final choice.

Proofs are sent to the author(s) to correct printers' errors. Except for this, alterations to the text are not
permitted. The proofs should be returned to the Editorial Board in 2 days.

The author(s) will receive, free of charge, 1 reprints of every paper published in the Journal.
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