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Abstract. Industrial greenhouse control systems are changing and getting new capabilities, due
to the evolution of the Internet of Things (1oT) technologies, allowing wirelessly integrate various
sensor technologies and create a clbaged database and analytic doh&. Greenhouse
systems typically are controlled by consuming single temperature and humidity measurement unit
data (treated as an average value), this raises a question about the precision of such approach for
application in a large industrial greenhoubethis article 10T based temperature and humidity
measurement system uMOL architecture is described and first measurement resultspafimulti

data collection with high resolution compared to existing sipgiat measurements.

Key words: Temperaturehumidity, wireless data, 0T, Greenhouse automation systems.
INTRODUCTION

It is well known, that energy efficien
actual problem, where electricity and heat energy costs are a significant components also
in the industrial greenhouse sector, for main consumers like lighting, irrigation and
climate control systems. For greenhouse illumination high pressure sodium lamps are
widely used, having high electricity consumption and extra heat losses, and during plant
gromh process this heat cafburnd top part of the plants stalk. As greenhouse
environment control systems play an important (Skdazaet al, 2010 in tomato plant
and crop growth, thus even small changes to their parameters can influence and result in
undesired changes after a week, as the gr
noticeable immediately.

Existing industrial greenhouses are designed and their lighting systems are built to
use highpressure sodium vapour lamps, but nowadays duecent LED technology
advancement, they are replaced by LED luminaries to get electrical energy savings, at
the same time increasing need for additional heating energy. Impact of LED lighting on
crop quality can be investigated by calculating fluctuatisgmmetry (Rakutket al,

2017), as it is known to be minimal only under optimal environmental conditions, but it
increases under any stress conditions, that is caused by electronic ballasts of RGB LED
lighting sources (TetervenoBsGalkin, 2012). The height of greenhouse is aroumal, 6
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therefore temperature and humidity levels vary across greenhouse. Accordingly having
an impact on plants and their crop growth rate. To determine the exact effect, more
detailed studies must be carried out felatively long period of time, by measuring
temperature, humidity and crop growth rate, and analysing outdoor weather conditions
impact on plants growth and tomato production. Furthermore, such study may play
important role to notice changes in temperatand humidity readings in upper height
levels of a greenhouse, in case if existing sodium vapodigiofing is changed to LED
technology. The freezing effect can happen, as with lower temperature and higher
humidity, ventilation system opens the véation windows, letting inside the cool air,
which in winter can damage upper plants stalk.

Greenhouse environment, in general, is determined by inside temperature, humidity
and CQ levels, which are affected by sunlight, outside parameters, inside hectso
(heating, lighting). Energy and environmental parameters can be measured in real time
using wireless loT solutions likgondratjevsetal., 2016), and by adding parameters of
crop measurements, can used to calculate cost functionas given in fomula (1),
whereB o is the final cost determined by the crop dry weight parameters (2), and
0 oo is penalties costs for temperature, relative humidity and energy consumption
(3), wheredb ando are time domain period. Example of such calentapproach is
given research done by (Van Ootegheral£2003).

0o B o 0 avhd Qo 1)
0oy 0 dow O do 0 oo )
B @0 6 0 0 w 0 w0 (3

This study demonstrates the importamfeemperature and humidity parameter
measurements, and question raises how detailed the measurements should be in a time
domain, and geographically in the greenhouse. Research dogaungé¢t al.,2012),
shows that greenhouse of 6% growing cherry omatoes, has temperature variates
from 2.12A Qo 6.20A Gn various greenhouse sectors at the same time, and humidity
variates from 11.18% to 19.27%. As greenhouse systems typically are controlled by
single temperature and humidity measurement point(tta@ted as an average value),
this raises a question about the precision of such approach for control and prediction
algorithm application in a large scale industrial greenhouse.

MATERIALS AND METHODS

Description of experimental place

IoT based temperate and humidity measurement system with detailed data
resolution is created and installed at an industrial greenhouse, to monitor climate
readings throughout a year. The industrial greenhouse grows several sorts of tomatoes
and can be treated as a compbewironment, as it has a relatively large growing area
(5,062 sg. meters), same time having a height of 6 meters, 40 sections of tomato growing
rows toplighted by 1760 pieces of Hellight Helturn 404/ high-pressure sodium
vapour lamps. Total installedeetrical power is around 838V including ballast losses,
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and in same time these electrical losses can be treated also as heat energy gains with
same power affecting inside temperature and humidity levels. Clear horticultural glass
of 3.8 4.2mm thicknesds used for greenhouse, inner temperature level is set from
+19A Gn night and +22C, but in reality temperature varies from +A6 t oA+ 2 4
and relative humidity level around B82%. Outside the greenhouse is a meteorological
data measurement systemmd, in order to collect readings of inside temperature,
humidity and CQlevels, one measurement unit is placed in the centre of the greenhouse,
collecting data every 5 minutes.

uMOL temperature and humidity measurement system

The developed loT based air temperature and air humidity measurement system
@MOL6consists of eight sensor poles, distributed evenly at greenhouse growing area,
where each pole ) has six sensors, measuring temperature and humidity values
every 30 seauds (see Figl). The vertical distance between each sensor is one meter,
and the one sensor measures parameters above light curtains (e \With such
approach, detailed data about greenhouse environment is obtained, analysed and
correlated with otbr parameters from a photobiological perspective, crop yield and
quality. Furthermore, data correlation between outsidather conditions can create
necessary inputs in order to adjust greenhouse lighting, climate, irrigation and power
system, more suitetb local geographical conditions, enabling the creation of new
greenhouse control system program and control algorithms.
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Figure 1. Typical industrial greenhouse layout and uMOL sensor peld placement.
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Figure 2. UMOL data system and temperatargl humidity sensor pole schematic.

uMOL data system and temperature and humidity sensor pole schematic is shown
in Fig. 2, where for each sensor poleA six measurement levels-{pare selected to
be observed in details. In this way 48 measurementgaie placed around greenhouse,
at different altitude and location. Each sensor measures both temperature and humidity.
Sensor F is placed on level of plant roots and irrigation height, the next sensor E is placed
at tomato growth level, then next sengbris at plant top level. The next sensor C
observes wire rope level, where tomato plant wire is attached and thus its top part is
periodically moved further (length of tomato plant afteri@nth vegetation period is
around 14m). Sensor B measures paraens at luminary mounting level and upper
heating pipe level, but sensor (see BigA gets readings above light curtains, used
during nights to decrease heat losses through greenhouse glass and decrease solar
radiation in summer during daytime. @nsor module development Sensiron SHT21S
integral circuit is used (see Tallg

Table 1. Technical parameters of temperature and humidity sensor Sensiron SHT21S

Parameter Range Accuracy Resolution  Long Term Drift
Temperature sensor-4 0 é AC1 2 4/-03/C 14 bit < 0.04/C peryr
Humidity sensor 0..100%RH +/- 2% RH 12 bit < 0.5%RH peryr
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Temperature and humidity data are read by the ATtiny85 microcontroller and by
means of multiplexing circuit sent to Electric Imp module Cortex raiomtroller.
Development imp001 module is used, where raw (binary) temperature and humidity data
are converted to real values, that are wirelessly (WiFi) sent to logging file on the server.
Electric Imp Platform is the first loT platform to be independently certified UL E
29002-2 (Standard for Software Cybersecurity for Netw@dnnectable Devices, Part
2-2: Particular Requirements for Industrial Control Systems). Thus we gain additional
data security in addition to server side security means.

e T (LR ey R Ty
Sensor Config

Incoming raw data -Sensor type (RHor T) - analytics
strings from sensors - description - data resolution
- allocation (pole, sensor level) - other configuration data

Figure 3. uMOL sydem data base main structure and functions.

Figure 4. uMOL sensors in Mezvidi greenhouse.

Sensors+are connected through USB cable and attached to data transmission and
postprocessing module (Electric Imp) with integrated WiFi transceiver, whilclcated
at each Sensor pole {4). The obtained raw data strings are sent to Cloud based server
using two 4G mobile network WiFi routers (4 poles (24 data poares connected to
one router), where they are stored in raw format in Sensor databageg(<e then
deciphered in Metadata database, adding additional information, and then prémessed
data analysis in a Configuration data base. The software architecture uses Microsoft
technologies and platform products, the development environmergual\Gtudio, but
its components are done in C#, XAML, JS, HTML5, CSS3 programming languages and
stored on Microsoft Azure cloud computing platform server in Ireland datacentre. Data
storage uses is stored in SQL relational databases.

RESULTS AND DISCUSSION

System setup was activated at industrial greenhouse at the end of September 2017.
In September 2017 January 2018 period sensors have generated over 5 million entries
of sensor data readings. Along with the uMOL sensors system contains sensor data
readngs from Mezvidi greenhouse management system. We use both system sensor data
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to identify and illustrate differences in the measurements. As previously described, the
sensor measurements are captured at various locations and altitudes in the greenhouse
compare to a single sensor unit (at fixed height) that is used for greenhouse management
system.

As uMOL system gets readings each 30 seconds, and existing single point
measurement is done once per 5 minutes, temperature dapxguessing is needed for
comparison, and to get new temperature véNiéof new period (in this case 5 minutes),
simple averaging formula (1) is applied

Y : O (4)
whereni dataset extent for 5min periodi;i variable at the i index of dataset, n.

This approach allowed us to compare uMOL system sensor data reading with the
ones captured by greenhouse native system. We choose for detailed dissmeslyisis
24hours of ™ of January 2018. Temperature sensor data readings (seB) Fig.
demonstrates measured Max, Min and Average temperature values fronulslO48
sensors. Bolded line shows greenhouse sipgiet sensor data reading and it is mostly
close with calculated avage temperature across all UMOL temperature sensors. Largest
deviations can be observed during high sun activity (12:00) period differing up to 10
degrees and up to 5 degrees during the night period (22:00 till 2:00). The figure shows,
wide ranges in tengryatures changes in all greenhouse levels.

®measgrht ®Avg ®Min ®Max

t,°C

25
20

15

10 time, h
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Figure 5. uMOL system and greenhouse system temperature data comparison using all levels.

Due to fact that heat is moving upwards, we could analyse the temperature sensor
data readings same way as in FEigusing only C, D and E levels to tempared against
greenhouse single point sensor readings, thus obtaining results, shown@nTHig.
difference during high sun activity perigsee Fig7) vary up to 5 degrees and up to 3
degrees during the nighepod. The greenhouse system value is more close to uMOL
readings of E level.
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Both figures clearly indicate best average temperature stability when artificial light
is turned ON, but most differences when lights are turned OFF and sunlight is present.
This effect can be taken into account, to create more precise heat and ventilation system
control algorithms, and even moret brings the idea, that highest (A,B) and lowest (F)
level sensor data can be used to predict mitilel temperatures for next terperiods.

®meas grht ©C1-D-T3.3 ©C1-C-T3.3 #C1-E-T3.3
28

t, °C
26
24
22
20
18
16
14
time, h

120:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Figure 6. UMOL system and greenhouse temperature data comparison using only levels C,D,E
(plant area).

®meas grht ©G1-C-T3.3 ©G1-D-T3.3 ©G1-E-T3.3 eSunRad

40
t,°C
35 SuUn radiation, J/cm|

30

25
20\——“_‘/.//\—/\/ \
15

10

5
0 time, h
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Figure 7. uMOL system G pole C,D,E sensor level, greenhouse temperatures (M=1:1) and sun
radiation readings (M=1:20).
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As thegreenhouse measures humidity deficit vdkee Fig8), it looks very stable
(amplitude is 2.5%) but variation between values is 58%, same time all pole D level
relative humidity readings (%) look more dynamic (amplitude 128%6), and giving
variationsbetween readings around 65.7%. If looking on average monthly readings of
relative humidity and temperatuigee Fig9), in both cases it shows difference between
the various gredrouse zones (aroundA poles).

®Grnhse ©E1-D-.. A1-D-... B1-D-... C1-D-... D1-D-... F1-D-... G1-D-...

100 Humidity, %
W —— /

95
90
85

80
75
70

65
time, h

60
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00

Figure 8. uMOL system D level relativeumidity readings per poles-A comparing to humidity
deficit values (bold).

October November December

RELATIVE October November = =:December TEMPERATURE,
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20.0
A B c D E F G H A B C D E F G H

Figure 9. uMOL system monthly average relative humidity (left) and temperature (right)
readings per sensor polesHh

CONCLUSIONS

Research clearly shows that industdaéenhouse zones/areas have a noticeable
difference in climate conditions, showing a detectable impact of solar radiation on inside
temperature and relative humidity. uMOL system architecture works properly in heavy
humidity conditions. Further studies areeded, to analyse climate differences impact
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on tomato crop yield and biological growth parameters. uMOL poitit measurement
system joint with preemptive control of heat and ventilation systems climate system
management may improve greenhouse enwm@nt stability and have impact on the
tomato plant performance.

ACKNOWLEDGEMENTS. Publication is created with support of European Regional
Development Fund proje@lew control methods for energy and ecological efficiency increase
of greenhouse platighting systems (UMOLg Grant Agreement Nr. 1.1.1.1/16/A/261.
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Abstract. Nowadays the industrial management systems are changing by means of implementing
various Internet of Things (loT) technologies, allowing a simple integration of sensor
technologies wth wireless communications and development of cloud based database solutions.
The industrial greenhouse management systems are not the exception in this regard, as they are
becoming more and more popular with the use of various sensors for the autorhdtien o
vegetable and other crop cultivation process.The general aim they have is to raise the level of
process automation, quality, energy efficiency and other important parameters. The implemented
technologies and environment of industrial greenhouse eadifferent fir the research type
laboratories, as they are focused on production, therefore this research is conducted in cooperation
with tomato producing industrial greenhouse o
based crop weight measuarent.

Key words: Crop, Weight measurement, 10T, Greenhouse systems.
INTRODUCTION

Each automation system obtains a control signal from feedback loop, typically
gained from some physical sensor, controlling in that way the irrigation process of
tomatoeslt is necessary to monitor the weight of tomato plants and its soil pod (Van
Straten et al., 2011; Chen et al., 2016). Weight measurements show the tendency of water
(fertilizer) consumption and give a precise timing when irrigation must be started and
stgpped (the changing in moisture level between start and the end of watering is about 7
to 13%). Furthermore, it helps to show the tendency of crops biomass increasing, plants
overall health, balance between parts of the plant according to the programmed
greenhouse climate values (Ehret, 2001).

One of the most important factors hindering wider implementation of weighting
system in greenhouse is their high price, where the largest costs are related to the
weighing sensors themselves. In addition to the pectof, the weight sensor systems
are often characterized on the market by known structural and functional limitations,
which can be solved if developing a new weighting system (Paskal, 2018).
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The initial studies show that in the existing industrial greaabaveighing systems
and their prototypes, mostly-tgpe weighting sensors are used, that simplifies the
measurements of the weight of hanged objects. In this case, weight sensors of high
precision with temperature compensation and high output signafitinaee in use for
obtaining the accurate measurement data, increasing also the costs of the sensor
(CarrasquillaBatista et al., 2016; Alberta, 2018).

The authors assume that the price of a {gjgality sensor cost system can be
reduced by using consigdrly cheaper sensor solutions, embedding electronics that
automatically processes the readings of this sensor. The adapting of it to the variations
of the ambient temperature meets the requirements of temperature compensation and
nontlinearity of the weighsensor in all possible operating modes (De Koning & Bakker,
1992). This fact raises a number of scientific research tasks related to the digitization of
high-resolution analogue signal of the weight sensors, obtaining of the data filtering post
processig, and subsequently data transmission to the server database.

MATERIALS AND METHODS
In order to obtain the data of the periodic crop weight measurements, an loT based

crop measurement system shown in Eigs used. The main block is the Load Sensor
Module (LSM) with such elements:

RT Wi-F i Router;
SiData Server (loT Cloud).

A  LSMLoad Sensor Modul e;

A LiLoad:

A WSiwei ght Sensor ;

A ADGAnakddg gital Converter;

ﬁ MCiMi crocontrol |l &dri wotdhulBui | t i n Wi
A

Data Flow Types
----%» Mechanical Connection
—» Electrical/Wire Connection
--------- » Wireless Connection

Figure 1. Block diagram of Load Sensor Module (LSM) for IoT application.

LSM uses a microcontroller (MC) with embedded-®/imodule (similar to
Electricimp, ESP8266, etc); and two main aspects determine such approach:

A Using the existing 2.6Hz WiFi network (with the latest Electricimp and ESP
microcontroller versions alsoGHz) within LSM working zone, the selected MC allows
measurement dateahsmission to cloud based server S (in this case MS Azure based
platform), but any other wireless system can also exist, like described by K. Kondratjevs
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et al. (2016), where data is stored and {postessed without any hardware element of
external wireéss communication.

A Selected MC also has a distant reprogramming and status monitoring function,
which is very useful for the 10T solutions, especially at research and development stages,
as it allows a distant changing of control, calculation algoritlealération coefficients
and other LSM working parameters by means of Internet (mobile or wireless network).

In this case, separate WiFi router R can ensure a stable Watwork for the
experiments.

The output signal of the Weight Sensor (WS) is pramssdth 24bit analogugo-
digital converter (ADC) module. The reason to select such high precision is a relatively
low working range of WS output signali @mV at rated regime of LSM). Furthermore,
this ADC module has integrated a signal-ameplifier, which allows the simplification
of LSM circuitry, decreasing of the elements and costs, obtaining at the same time the
measurement resolution with precision of 0.02 grams.

The first LSM prototype has been tested and verified under the laboratory
conditionswhere the experimental testing is based on the continuous weighing of a mass
object under different external temperature conditions. These experiments clarified that
temperature changes of the WS itself affect the measurement readings of WS. After the
andysis of the results of the measurements, a hypothesis can state , that if the data of the
weight and temperature measurements areosessed in redime, the precision of
the load weight will be increased. In this case, formula (1) describes teketriumction
of measurement data pgstocessing:

a a Y OY D Q)
wheremc T calculated weight (true weight from LSMjiu i measured weight (raw data
from WS); Ti T current WS temperaturélci WS temperature at LSM calibration;
K7 linearcalculating coefficient.

The linear calculating coefficient is obtained for each LSM, according to the first
testing results. The assumption is that in future coefficient K will be more precise due to
selflearning algorithms, using various calibratiwaights

Various temperature impact tests (sunlight, extra heat, etc.) were carried out within
the laboratory environment; and the most characteristic measurements are shown in
Fig. 2, whereMmeasured raw data from WS, ;gneaiculatedi Calculated weight (tre weight
from LSM), g;mreal real weight of the object, g;sdhsori WS temperature.

The horizontal axis represents serial number of a measurement. For all the
experiments the measurement interval was 15 seconds.

According to the obtained results at theamic WS temperature reading changes,
two important factors of the chosen WS exist:

A Transition processes wi thin WS t en
fluctuations in the weight readings and opposite to the temperature process direction (see
Fig. 2). This effect can be reduced by using filtration of WS signal, and creating more
stable environment inside the WS sensor casing.

A At rapid temperature changes WS sen:
delay, which could be reduced by means of ad@Imeasurement data and historical
temperature data use in formula (1).
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Weight, g Temp.
5,015
5,010

5,005

5,000

4,995
4,990
4,985

4,980

4,975

4,970

Figure 2. LSM reading stability experiment (impact of temperature test result).

Experiments at slow WS temperature changes (much closer to a real greenhouse
environment), shovthat in comparison to the the real load weight the calculated weight
absolute error does not exceed 0.5%.

RESULTS AND DISCUSSION
Currently the first three LSM prototypes are installed in real industrial greenhouse

environment at Mezvidi from 15.12.201%e€ Fig3.), thus collecting 179732
measurement points in 10T database by 30.01.2018., with 1 min resolution.

Figure 3. LSM testing in real greenhouse environment, L.3d constant weight (right).
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Two sensors (LSMand LSM) are used to weight base with three tomato plants
(see Fig3.), but the third weight sensor (LgMs equipped with a reference weight of

5,770g, to evaluate LSM measurement precision in industrial greenhouse environment,
obtaining long term da. As all measurement data are stored in 10T cloud database,
weight changes during twenfgur hour period, can be observed in Hg.

Weight, g
17,000
16,800 |
16,600
16,400
16,200
16,000
15,800
15,600
15,400
15,200
15,000

0:00:38
0:48:41
1:36:45
2:24:48
3:12:52
4:00:55
4:49:59
5:38:02
6:26:06
7:14:10
8:03:37
8:51:41
9:39:45
10:27:49
11:15:52
12:04:56
12:52:59
13:41:03
14:29:07
15:17:10

msumm, g

Figure 4. LSM; and LSM calculated weight.

16:05:14
16:53:18
17:41:21
18:29:25
19:17:28
20:05:32
20:55:36
21:43:39
22:31:43
23:19:46

Temp.
25

20

Time

As it can be seen in Fig., from LSM and LSM. measurements, it is possible to
determine the trend in water consumption and accurately detect the time to start and stop

watering system. It is also obvious that the water weight changes between watering

system start and stop are about 8%, that meetautbe of the greenhouse irrigation

system.

LSM3; measurements give an opportunity to analyse LSM measurement precision
under real working conditions, to evaluate LSM construction parameters and efficiency

of WS data posprocessing algorithm, where the@rof measurements in this case does

not exceed 0.1%sée Figh).

Both laboratory and industrial greenhouse experimental measurement results show,
that LSM weight precision can be increased if WS working temperature is stable. As the
dynamic temperaturehanges have a great impact on readings, thus the previous or

historic WS temperature readings could be used in datgppmstssing algorithms.
Measurement experiments of BQising constant weight ofkg show that, the use
of linear data pogprocessingnethod (temperature changed 38A C wi t h

2 A @) gives the measurement errors from 0 to 0.6% (in average 0.1%). In its turn the

ma X

use of the second and the third grade polynomial datappostssing (temperature
changed 1842A C wi t hse ohB0X @) givies the measurement errors from O to
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1.5% (in average 0.9%dpuring calibration process, a transition process takes place, and

6stretchingd effect mu st be taken into
cal i brati onf Ilooaatdi,n gdo raevaodidngés | at er i n th
Weight, g Temp.
5,780
25
5,775
23
5,770
21
5,765
5,760 19
5,755 17
5,750 15
O =HOONODONOONEHLONOOOMMNOSOALOONOOOMWO
MNMITITITIOOODOOOOAdNITITITITOOLOUOO A AANNNNMONONI I
SECFTNCSTBCITRADND LN AR ONR DD D6 D
O MANAOT MO ANAOULMANAOLSSNAHOOSTNAOUL S M A
SOHANNTTIBORNBOTCANNNFOOCO~BHSS N
A A A A A A A A A A NNNNAN -
Time
mmeasured, g mcalculated, g
— —mreal, g Tsensor, *C

Figure 5. LSM3 output data.

At this stage LSM testing results prove their ability to work in industrial greenhouse
environment (high humidity, voltage drops, etc). The obtained data can be used to
improve greenhouse irrigation control systems and to enable the high accuracy detection

of crop biomass growth.

CONCLUSIONS

Experimental measurements show, that both electrical and mechanical design
properties of the sensor must be taken into account to get stable thermal operating mode
and other operating conditions. Furthermore, the first testing results show that theuse of

a Stype sensor of mediu

m precision, it is possible to makegrosessing of their raw

output data, that results in the required resolution and sampling level of weight
measurement data. As a result the logging of the measured weight data and subsequent
statistical processing can be carried out with the aim to apply them for the energy
efficient control of the total greenhouse management system.
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Abstract. Fossil fuel deposits are constrairiacthe world. Various alternative energy sources

are introduced in vehicles to limit the depletion of fossil fuel reserves and to reduce environmental
pollution. One of the alternative energy sources is electricity. The use of electric automobiles has
begun in the Baltic States too, yet accurate performance parameters of the automobiles, which
could sometimes differ from the technical characteristics specified, are not always known. Road
testing an electric automobile was performed using a data logger that or ded t he be
vol tage, current, temperature and the aut omol
changes in the electric automobilebds power ou
or braking. Road testing the electridc@mobile was done under two driving reginiasrban and

norturbani on a certain route. The experiment represented a full cycle road test, with the batteries
fully charged, that lasted until the batteries were discharged to a minimum level, which was
limited by the battery management system (BMS). The experiment identified the maximum
current as well as the effectiveness of the regenerative braking system.

Key words: electric vehicle, energy consumption, current, voltage, driving regime, cruising.
INTRODUCTION

In the world, electric vehicle (EV) progress began along with internal combustion
vehicle progress. Electric vehicles were equipped with-éeddi batteries that could not
provide a sufficient driving range, and the electric vehicles couldcompete with
internal combustion vehicles. Even though historical electric automobiles had a lot of
advantages in comparison with internal combustion automobiles, e.g. quiet operation, an
easy startup and an easy movement startup, the electric autawadriéenot widespread
until the 2% century (Berjoza & Jurgena, 2013). Nowadays a problem with electric
automobiles is the same as it was long agosmall driving range per charge. This
relates to the low weigtib-energy capacity ratio for batteriemnapared with that for
liquid fuel.
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The key electric parameters of electric automobilesltage, current and power
consumed recorded during driving depend very much on the driving regime. The
parameters can be, to a smaller extent, affected by molesrful electrical devices, e.qg.
an air conditioner or an interior heater. The energy consumed by the mentioned devices
is usually quite constant, whereas the energy consumed by the electrical motor can
change several times within a very short moment. stardard driving regimes of an
electric automobile, like those of an internal combustion automobiles, are as follows:
acceleration, cruising, smooth deceleration or coasting and braking.

Vehicle movement simulations by means of computer tools beganlaieHé90s.
Various hybrid electric vehicle (HEV) and electric vehicle models were researched by
using the MatlaBased Modelling and Simulation software. The simulation results were
obtained during both simple driving reginieacceleration, cruising aratakingi and
more complicated driving cycles, e.g. th
research investigations analysed various vehicle driving strategies after determining CH,
NOX and CO emissions and fuel consumption (Butler et al., 19893)anpared electric
vehicle current changes, simulating the selected driving cycles. The research
investigations did not consider emissions, assuming that no emissions were produced,
yet the latest research investigations provide data on indirect emigsamhsced by
electric vehiclesBerjoza & Jurgena, 2016) from electricity production. In Latvia, for
example, average CO2 emissions from the productionkd¥ta of electricity equal
1159 (kwh)™. The planned research intends to analyse changes in camcerbltage
at diverse driving regimes, and an electric vehicle is going to be road tested.

American Control Conference researchers havaished their research findings
on plugin hybrid electric vehicle (PHEV) control strategies. The research objea was
Toyota Prius, and a Control Strategy and a Proposed Strategy for the car was examined
by means a mathematical model. The Proposed Strategy achieved a 16% longer driving
range of the PHEV than the standard one did. The mentioned research examined current
and torque changes under both strategies. A comparative examination was performed in
UDDS and EPA driving cycles. The research also found an optimum PHEV control
strategy model that could yield the best economic and performance characteristics
(Banvait etal., 2009).

An analysis of the literature revealed that most of the research investigations
focused on HEVs, optimising the intexlated operation of the electric motor and the
internal combustion engine and designing algorithms aimed at reducing fuel
consumption and impacts on the environment (Musardo et al., 2005). An investigation
produced motor torque curves and sought optimum HEV operation regimes by using
Simuling modelling software. It also developed a mathematical model for fuel
consumption reduin. The investigation compared the Dynamic Programming and the
Equivalent Consumption Minimization Strategy in six various driving cycles, yet the
results did not differ by more than 0.4% (Musardo et al., 2005).

Chilean scientists have developed an enamgnagement system for a hybrid
electric vehicle. The system exploits ultracapacitors that allow reducing energy
consumption and using various energy sources, e.g. fuel cells, microturbines and zinc
air batteries. The energy could be also generated bggkeerative braking system. The
research developed and analysed a mathematical model and performed road tests in a
14.2km driving cycle. The lowest energy consumption was achieved under the Optimal
Neural Network Control System with regenerative brakimbich performed 28.7%
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better than the standard system dide road tests measured momentary vehicle speed,
voltage and current (Moreno et al., 2006). The planned road tests intend to identify the
effect of the regenerative braking system with the cdetrekt to 45%.

Chinese scientists have done research on aiplbgbrid electric vehicle with a
Fuzzy Logic System. The system allows optimally using batteries depeoxlitige
charge level and temperature of the batteries. The scientists developde, yettor
controller, engingenerator and vehicle drive mathematical models. They performed a
simulation, producing curremnltage curves, in the USA Urban Dynamometer Driving
Schedule (UDDS) and the New European Driving Cycle (NEDC). The research found
that the Fuzzy Logic System was effective in preventing a battery from being
overcharged as well as enhanced the capability of the motor control system to provide
optimum motor operation (Li et al., 2011).

The literature provides a few research studie€Wdroad tests. There are more
research studies focusing on a system analysis of hybrid electric vehicles am plug
hybrid electric vehicles, the development of mathematical models for various systems
and the enhancement of control system algorithmsthismreason, it is useful to do
research on the effect of electric vehicle driving regimes on the electric parameters of
the electric vehicle in urban and rorban driving, which is the key aim of the research.

MATERIALS AND METHOD S

The experimentalesearch was performed using an electric car Renault Clio. This
car was converted from an internal combustion car equipped with a 1.2 | engine into an
electric car. The car was equipped with &®0electric motor with a maximum power
of 50kW as well as @ lithium-iron hybrid batteries with a capacity of 186. The
battery system was controlled by the battery management system (BMS). The BMS was
set to prevent the batteries from being discharged by more than 2.4 V or from being
overcharged by more 3\8 The total battery voltage was 96 V. The distance covered
per charge was &m, while the maximum speed was 1&0 h.

The road tests were done on several road sections that are preséiged.in

Two diverse routes were chosen for the road tests: detgignfor the urban driving
regime and general road P97 between Jelgava city and Dobele town for i aon
driving regime. In norurban driving, the road test was done back and forth, while in
urban driving it was donen a circle route (Fidl). Thelength of a full urban circle route
was 14.7 km, while the length of a norban route in one direction was 2%rh.

The road surface on both routes was in good condition; the average rolling
resistance coefficient was 0.010012. In accordance with the Road Safety Rules, the
roadtests used LED lamps with a total power ofW5Each road test was replicated
five times (Fig.2). Theelectric data were registered and stored by a logger Graphtec
midi Logger GL220. The road testas conducted witfully charged batteries until the
battery charge level reached@% of the total battery capacity. The batteries were
recharged after every road test, and the data on the five replications were stored in the
logger Graphtec midi LoggeésL220. After the batteries were fully recharged, the next
road test was performed. The driving regime was changed during every replication,
which means that a road test started in the city was continued outside the city, and then
again in the city. In thisvay, the weather factor was excluded. The road tests were done
in October and November 2017 at an ambient temperature from +5 £&+After the
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road tests, the data were processed and
systemi an Ebespacher heatérrunning on ethanol was used during the road tests. An
electric heater would consume too much energy, and an examination of it was not
intended in the present research.

xxxxxxxxx

Lejosstraze Karla Ulmana pieminas
© muzejs ‘Pikeas”

a)
. Figure 1. Road test routes: a) Jelgava city
b) 3 route; b)non-urban route
I EV road test }
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regime, 5 ] | charging L regime, 5 replications
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r ‘ Y
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* Charge power, kW
+ Electrical energy
consumed, kWh
+ EVrange, km;
* EV average speed, kmh;
>+ EV consumed energy, kWkm';
« yoltage, V;
* current, A
P I
- Acceleration |
Energy consumed in
micro-processes
Braking |
Cruising |

Figure 2. Road test scheme
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A logger HOLUX GP Sport 245 was used to store the route data. The logger had a
512kB memory and the capacity of its batteries was sufficient for a 28 h operation. The
logger could store 20000 waypointsmeasure speed, time, distance and store the route
data. The logger could operate in a temperature range ft6C to +50AC. The
scheme for connecting a data logger to the electric automobile is presehigdin

7

12

B Ew E

[ alllis—
& P

RVAN

11

Figure 3. Schemeor connecting experimental equipment: iotor controller; 2 electromotor;
3-96V accumulator; 4 data logger; 5 electromagnetic safety switch;i @mechanical safety
switch; 71 electromotor speed sensor]i &equencyvoltage converter; 9 voltage divider;
107 current sensor; 1 accumulator temperature sensor;i 1&ectromotor temperature sensor.

A data |l ogger Graphtec midi Logger GL2
el ectric parameters. The | ogngteRddhsatisea mp ! i
scale was from & to 24h. This device was equipped with a 4.3 inch TFT LCD display,

a 8.5 24V power supply and 10 analogue input channels.

RESULTS AND DISCUSSION

After the road tests, the logger data were transferred to a computeroaedsed,
interpreted and analysed.

A GPS data logger recorded speed in urban aneurtman driving. Changes in
speed in both driving regimes are shownFig. 4. Urban driving involves frequent
acceleration and braking, and the speed is very volatile. average speed in urban
driving during the road tests was 31Ki6 h. In nonurban driving, the beginning and
the end of a road test was in Jelgava city, therefore, it was urban driving. The average
speed in nomwrban driving was 57.7&8m h.

To analge various electric parameters of the electric car under various driving
regimes, the recorded data were aggregated to produce synchronised grdfihs v
U =f(t), I =f(t) and P=1(t). A graph for urban driving is shown Fig. 3. In the road
test,the speed in urban driving very volatile due to all the regimes: acceleration,
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braking, cruising and coasting. Urban driving is appropriate for the structure of the
electric car, as electrical energy is consumed by onlycamd devices when stopping at
intersections, whereas it is generated when braking.
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Figure 4. Speed on road test routes: a) Jelgava city route; byrxm route

In view of the fact that the electric car had a\ABattery system, in the driving
regimes when a lot afurrent was drawn from the batteries, e.g. when accelerating, the
voltage considerably decreased. The nominal voltage of every battery wasTha
BMS was set to stop the charging process if the voltage of some battery had reached
3.8V. During charging the total voltage of the battery pack reachedi113V.
Immediately after the charging, the voltage decreased 1010006V. At the beginning
of the road test in urban driving, the voltage decreased Yo @%ing mediurdAntense
acceleration. During very intense acceleration, the voltage of a fully charged -battery
pack decreased to 87 At the beginning of the road test, the voltage returned to the
previous level when stopping at intersections. After cogehialf of the road test route,
the voltage did not exceed 96/3vhen stopping, yet it decreased to, on average,\87.5
when accelerating and to 8when intensively accelerating (Fig). When cruising at
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50km h, the voltage, on average, decreasedPté V. At the end of the road test, when

no electrical energy was consumed or when stopping, the voltage did not exceéd 92.1
when accelerating, the voltage could decrease to 82.7 V. One can conclude after
completing the road tests that if taking imtccount only the voltage of the batteries, a
voltage of 92V in the stopping regime was the lowest level, and the batteries needed to
be immediately recharged. After driving onliy2lkm more, the batteries were almost
fully discharged, reaching the minimuatiowable discharge level. After driving on
average 5&m in urban driving, the BMS often started giving warnings; it was activated

when the momentary voltage of some battery element had decreased {th2.6ritical
level was 2.4).
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Figure 5. Electriccar parameters in urban driving

In urban driving, current and power changes were proportionally related to speed
(Fig. 5). At the beginning of the road tests, the current reaché®30@ during smooth
acceleration, while the motor power outpas 20 21 kW. During fast acceleration, the
current could reach 358. The maximum power output at the mentioned peaks was
30kW. The regenerative braking of the electric car Renault Clio was activated by
pushing the brake pedal, while in the castingmegthe regenerative braking was not
activated. In the braking regime, the regenerative current reachfedvtble the power
T 7.5kW. Compared withnomr ban dri vi ng, this regi me
range in urban driving. The regenerative leg€lthe electric car Renault Clio was
controllable, and it was set at 45% for the road tests. A regenerative level of above 50%
creates an inadequate increase in braking force caused by the regenerative braking
system before the main brakes have been aetiv This results in a braking force
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increase to be difficult to control by means of the braking pedal. When stopping, the
electric car consumed an current of A®A. With the batteries being partially
discharged, no significant changes in current poder were observed under various
driving regimes. When cruising at & h?, the current reached B70A. When
accelerating fast during the final part of the road tests, the current reachagdv@gite
the motor output power was BW. The increase igurrent might be explained by a
lower voltage of the battery pack, and a higher current is requited to ensure the necessary
motor output power.

Road testing the electric car in rarban driving was started as well as finished in
the centre of Jelgava citlfor this reason, the initial section of the routelk#rbn length
and the final one (6.6m) are typical of urban traffic, and no electric parameter analysis
was performed for the mentioned route sections @ig.
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Figure 6. Electriccar parameteris non-urban driving.

When starting the nearban route section, the average voltage was\@6V8hen
accelerating, e.g. from 73.5 to 8k h?, the voltage of the batteries decreased to
87.9V. In the cruising regime at &M h, the voltage of thbatteries equalled 91\5,
while the current reached 383 When accelerating fast, the maximum current reached
450A, which was the highest value set for the motor controller. The motor output power
at the maximum points reached 3BW. A careful examin@on of the power and current
curves reveals that the average values of these parameters were higher when driving
away from the start than driving back down the route. This could be explained by a small
aver age r oad=G6) whckinceasgdadressthnceivhen driving away
from the start and decreases it by the same value when driving back. Regenerative
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braking application in nearban driving was less frequent, yet the values of electric
parameters were much higher in amban driving tha in urban driving. Braking from

a speed of 86.8m h* to 50.5km h, the batteries were charged at an current ofAL40

or a power of 131213.4kW. Cruising at 8%m h?* consumed a 149450A current,

which ensured a motor output power of 13.3.4kW. It has to be noted that these
parameters were measured right after the batteries were recharged, which means that the
power supplied to the motor was lower than the value of the efficiency factor of the
wiring-invertermotor system, while the power transmittto wheels was lower than the

value of the efficiency factor of the mottsansmission system.

Due to higher average battery discharge current values when driving the last
10kilometres of the route, the BMS tended to give warnings more often Hunban
driving than in urban driving, which indicated the negative effect of fast acceleration on
the battery lifetime.

Based on the road test results, it is intended to do road tests withVahigjder
voltage of the battery pack, whichwsthin the allowable limits for the motor and the
control system.

An excessive voltage drop in the battery pack during acceleration indicates a
decrease in the working capacity of some battery cells. It is required to control the
voltage of every individual batteryapk cell during acceleration and, in necessary,
change the defective battery cell. An alternative option for the cell change is to set the
controller Sigmadrive to limit the maximum current to less thanAiO®hich would
allow saving the batteries. An esgted decrease in the dynamics of the electri
automobile should be minimum.

If converting a vehicle to electric power in next projects, it is necessary to choose
a system with higher voltage, e.g. M4Such a system decreases the maximum current
duringfast acceleration and ensures a safer mode for the batteries and a longer lifespan
of the batteries.

CONCLUSIONS

1. A methodology for electric vehicload tests in urban and narban driving
was developed and approbated by means of a data logger for measuring electric
parameters.

2. After recharging, the voltage of the battery pack was within a range of
113 114V. Upon starting the road test immediatafier the batteries were charged, the
battery voltage was 10000.5V. After starting driving, the battery voltage decreased
to 97 98 V in the neload regime.

3. During the road tests, the battery voltage tended to decrease, which could be
observed most exglitly at a neload voltage. After the voltage has decreased t¢,92
the electric car batteries have to be recharged, as a full battery discharge occurs after
driving as many asi2 km.

4. The maximum current of 458 was reached in nearban driving. The
comresponding maximum motor output power was 386 In urban driving, the
maximum current was 358 and the corresponding power wask.

5. When smoothly accelerating in urban driving, the current did not exceed
240 250A. When cruising at 5@m h'?, the curent reached 71075 A.
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6. When braking in urban driving, the regenerative current reachédwhile the
poweri 7.5kW at the regenerative level of 45%. A regenerative level of above 50%
creates an inadequate increase in braking force caused by the regermeaking
system before the main brakes have been activated.

7. The regenerative braking system performed more effectively inurimm
driving, generating an current of 140 however, its proportion in the energy balance
was insignificant and could notrsiderably increase the nomban distance travelled.

8. After driving a distance equal to 70% of the total distance covered, the BMS
started giving warnings when accelerating the electric car, which indicated that the
voltage of the weakest battery eleméiaid decreased to 25and the neoverload
driving regime was activated. This driving regime does not allow exceeding tsetpre
speed.

9. More energy was consumed in Rarban driving before the route turnaround
point was reached (280.1km), as the avege road slope angle in this route section
was B FHe roéd slope angle allowed saving energy on the way back.

10Due to a decreade the voltage of the battery pack when accelerating, it is
intended to increase the voltage by ¥,4vhich is within the Bowable limits for the
motor and the control system.

11 .Due to the fast voltage drop in acceleration regimes, it is necessary to do a battery
test for the electric automobile or set the controller to limit the maximum current to less
than 400A.

12.f converting a vehicle to electric power, it is required to choose a system with
higher voltage thagnsures a lower peak current and a safer way of exploitation of the
batteries.
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Abstract. The use of biobased hydraulic oils becomes more popular in the different industries,
but especially in agriculture machinery. This is stimulated by the fact that significant amount of
hydraulic oils effluence in the environment and therefore dea@ negative impact to the
ecosystem. Besides of that, the part of sold hydraulic oils grows and now forms approximately
15%of total oil consumption amounts worldwide (Nagendramma & Kaul, 2012).

The aim of this research was to stullg compatibility othe comercially produced mineral and
biobased hydraulic oils, identify viscosity of a different mixtures in the entire work temperature
range, as also changes of dntitional properties. Two different oils and three mixtures were
tested. Special hydraalexperimental apparatus was established for visual observation of fluid
properties. Sliding friction bench was used for the comparision of friction properties.

The results showed that change of the working pressure and temperature of the hydraulic oil in
the various mixtures of mineral and biological hydraulic oils do not change its original
appearance. It was observed that the highest visc@dityn?s? and worst antifriction
properties is for the 50% mix of mineral and biologial hydraulic oil A2@mbient temperature.

Key words: biobased, mineral, hydraulic oil, compatibility.
INTRODUCTION

Nowadays hydraulic systems are found in a variety applications realizing most
significant work converting mechanical power in hydraulic power. The modexticayi
heavy industry and agricultural machinery is no longer inconceivable without the built
in hydraulic systems. The main advantages of modern hydraulic systems are simple
structure, light weight and easy maintenance and installation. One of the main
component of such systems is hydraulic fluid the aim of which is transmit and distribute
forces based on its main advantage over other mateir®mpressibility. The
importance of hydraulic fluids is very essential as they play a key role in operation an
protection of main components of hydraulic system, which is working on high
temperatures and pressures. Insufficient protection could lead to a shorter maintenance
intervals and expensive problems due to an increased wear, tear, cavitation and
corrosion.Manufacturers of such systems usually specify the type of hydraulic liquid
based on characteristics of equipment operation, necessary pressure, and expected
temperatures in the system and outside of it. Therefore hydraulic liquids have many
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properties andcharacteristics, which should be known to ensure correct system
operation.

Most popular hydraulic liquids are mineral based oils due to its lower costs and
availability, as also synthetic lubricants mainly developed to perform high temperature
ranges in @ation and military equipment (Paredes et al., 2014). Although synthetic oils
have ecdriendly characteristics and have better impact on environment compared to
mineral based oils, the main disadvantage of all oils is effluence in environment mainly
dueto a damaged hydraulic systems. It results with effluence of ab©®@02©of all
sold amount of hydraulic oil. This is the quantity of oil, which poses a serious threat to
the ecosystem, especially if the oil is used in protected nature areas. Besiuass of t
professional mechanics and also other technical specialists are exposed to these oils
mainly by dermal contact promoting irritation of skin. As some researches have shown
that mineral based oils have possible carcinogenic effect, than substitusiochabils
would be valuable for those people who have a risk to be in contact with it practically
every day. Such replacement could be done by biological or renewable oils. In that case
there exists a terin6 Gr een Tr i bol ogy 6, wthis arda ardlitss c u s s
relation to the other ones formulating 12 principles, where one of them is biodegradable
lubrication, connected with the use of biodegradable and environment friendly lubricants
(Nosonovsky & Bhushan, 2010). Lubricants, which are basediffarent renewable
oils (corn, soybean, etc.) usually have an excellent lubricity compared to mineral based
oils, but they have also insufficient thermal and oxidative stability which makes oil
polymerization to a plastitike consistency (Mannekote & Kas, 2009). This problem
could be resolved by different chemical modifications of oil or usage of additives.

Biobased oil is a lubricant, containing of at least 95% (by weight) base fluid and
not more than 5% (by weight) additives and having derived pardtio at least 70%
from renewable materials. It cannot contain mineral oil, as well as toxic, carcinogenic,
mutagenic, teratogenic or environmentally hazardous additives. In general 62% of the
total exploitable renewable natural resources which arefas#te production of oil are
plants containing oil (rape, sunflower seeds, palm trees, etc.), 33% of the total renewable
raw materials used by wood waste, but 5% is algae, bacteria and genetically modified
plants (Bart et al., 2013). Biobased hydraulicaain be used both in stationary and
mobile equipment. The total share of it is growing rapidly and these oils starting to
replace mineral based hydraulic oils. Although it is not mandatory to use organic oils
separate vehicle users have already trieduaiérstood the opportunities it offers, thus
preserving the environment from pollution.

Studies done before do not confirm any negative impact of biobased hydraulic oil
on hydraulic system. The experiments did not show any signs of increased wear of the
oil pump that might indicate on the poor afnittion properties of the hydraulic oil.
There was not found aeration or cavitation due to a high viscosity (Bart et al., 2013).

For example, Kassfeldta (Kassfeldta & Daveb, 1997) was tested one mineral based
hydraulic oil and three environmentally adapted hydraulic oils, from which there were
two mixtures of vegetable base oil and synthetic esters, and the last was based on
synthetic esters only. Researchers determined lubricant capability properties by
measurements of the capability of each oil to build a film in an elastohydrodynamic
contact. Tle results showed that environmentally adapted oils % @0 gi ve a t h
film than the mineral oil, butat 8C t her e i s no significan
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different types of ail in their capability to build a lubricating film (Kassfeldta & Daveb,
1997).

Other researchers (Silva et al., 2015) conducted the study, the purpose of which
was to develop new hydraulic biolubricants based on vegetable oils and to investigate
their tribological behavior under conditions of boundary lubrication. The tribabgic
performance of the developed lubricants was analysed in an HFRR apparatus.
Researchers have found that biobased oils have satisfactory tribological properties,
which were considered as a potential hydraulic oils for replacing mineral based hydraulic
oils (Silva et al., 2015)

Another study (Paredes et al., 2014), which was realized to analyse potential
industrial applicability of vegetable bases, realizing research with two mineral and two
biobased hydraulic oils. Viscosity measurements have been camiedt three
temperatures: 313.15 K, 343.15 K and 363.15 K and a pressure upP250n case
of behaviours of the four liquid oils, they have found that the oils with a vegetable base
should offer better energy efficiency due to the thinner proteddiyer they grant
specially at low temperatures therefore extending life cycle of hydraulic systems
(Paredes et al., 2014).

Based on the literature, the choice of hydraulic oil is dependent on the type of
hydraulic system, operating temperature range, iwgrind natural conditions, as well
as the pump type, working pressure and environmental considerations. In case of the use
of hydraulic oil, the oil viscosity is important to the specified temperature range. The
lower viscosity means the system is lessrtithroughout the operation. On the other
hand, the viscosity must be sufficiently large to ensure safety and lubrication of the
lubrication pump and other moving parts. Knowing the range of operating temperature
and changes of the viscosity dependingtlom temperature of the proposed oil, it is
possible to choose exact oil for the hydraulic system.

The aim of this research was to carry out a practical study on the compatibility of
the mineral and biobased hydraulic oils in hydraulic systems of traatoatso trying to
understand if there will be any advantages or disadvantages in case of mineral oil change
to biobased oil. In that case it is important to understand if the hydraulic system must be
cleaned before biobased oil use, identify viscosity gharf a different oil mixtures in
the entire work temperature, detect how fast each oil is heated at the same working
conditions, as also identify changes of drititional properties. All these issues have a
direct impact on productivity of tractor usjtas also on different operations: loading,
lifting, floating, etc.

MATERIALS AND METHODS

Experiments were realized using two different oil types and three mixtures. There
was used a mineral basd® HLP hydraulic oil produced by LIQUI MOLY and
characteized as a high performance hydraulic oil with optimal-argar properties and
excellent oxidation resistance and operating intervals. As a biobased hydraulic oil was
chosenAgra Utto Bioproduced by AVIATICON. This oil is characterised as universal
tracor transmission oil, contains ester and additive, and it confirm to the APl GL4 class.
The main parameters of both oils are reflected in the Table
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Table 1. Main parameters of the used oils

Parameters HLP 46 Agra Utto Bio
Density, 15A C 0.880 g mL* 0.903 g mL*
Viscosity, 40A C 46 mnt st 46.50 mm st
Viscosity, 100A C 6.7 mnts?t 10.00 mm st
Viscosity index 97 211

Fl ash point, AC 226 230

Pour point, AC -25 -41
Neutralisation numbemg KOHg? 0.5 4.7

Solubility Insoluble in water NA
Degradability Not readily biodegradable Biodegradable

*NA T not available.

All used oils and mixtures prepared for the tests are as followsifieral based
hydraulic oil with 0% additi enO®6f Bi bdd
27 mineral based hydraulic oil 25%
addition of biobased hydraulic olil
(mar ked +2a55% 6BM © 6)
mineral based hydraulic oil 50%
addition of biobased hydraulic oil
(marked+ a$09% MBI o¢
mineral based hydraulic oil #5%
addition of biobasedhydraulic oil
(mar ked +7a5% O6BM 0 6)
biobased hydraulic oil with 0%
addition of mineral based hydraulic olil

(mar ked+®@% M®B)i .o Pr Fgure 1. Samples of tested oils and cre:
mixtures can be seen in Fig. mixtures.

Oil heating measurements

Special hydraulic experimental apparatus was established by the authors for the
visual observation of mixtures of mineral and biobased hydraulic oils at different
operating temperatures (F@}.).

Figure 2. Special hydrauliexperimental apparatus established for the tests.
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It consists from all necessary units to perform a pressure in the system as it would
be in real working conditions. The main components of the system could be seen in
Fig. 3. Electric motor, with rotatiorréquency 1,48@pm*, was used to drive a pump. In
addition, the safety valve was used operating a little before the maximum pressure of the
pump (240 bar) is reached.

The procedure to determine
condition of the oil is as follows. After
switching of elecic motor, it is
verified if the hydraulic line is fully TN @\3
filled up with oil and if there isno any L
leakage. The next stépreduction of Lo >) 4
adjustable throttle aperture have been 2 CAF@
started activating stopwatch and 1 5
registering and controlling pressure
and tempetare of the oil, as also
looking for visual changes. Once the
oiliswarmed upto 68 C, t he 7
of the aperture of adjustable throttle is
increased and control of the pressure, Figure 3. Technical scheme of spec
temperature and visual changes is hydraulic expenmental apparatus establit
continued. Afer an our of such [ e tste 1 sfey vaie % s
?hr)r?):fllgm isthefuﬁserguggngg agjﬁjtag:rz 51 eleptric . motor for" hydraulic st_ath

operation; 6 oil pump; 71 return reservoir.
necessary parameters have beer
registered once more.

Based on the operation principles of established hydraulic experimental apparatus,
it is possible to regulate operatipressure in hydraulic system till 240 bars and assure
the hydraulic oil temperature changes fretfAC t cAAC10MBesi des t he
observations, the temperature measurements were realized in order to find out the
mixture, which heats faster at the sapperation conditions. The tests were performed
at ambient temperature C and air relative humidity 8

Viscosity measurements

Viscosity measurements of oils and their mixtures were realized using glass
capillary viscometer VPZ 4, which is intended fothe determination of kinematic
viscosity of liquids. Preparation for experimental work (washing and drying of
viscometer) based on standard procedures. For the realization of experiment was used
also manual air baster, stopwatch, thermometer, calibrdk@sk. Viscosity
measurements were performed under field conditions in the temperature range from
15AC t AC+20

Friction measurements

Sliding friction bench was used for the comparison of friction properties4Fig.
In order to ensure the full futioning of the bench, in addition there was used
multimeter, torque wrench, stopwatch. Experiments were carried out under laboratory
conditions at ambient temperature (AT ) . For the operation o
used a 12 V battery and multimeteritelved in electric circuit for the control of the
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amperage (A). Unused friction bricks and the roller was prepared for the tests. Friction
block was changed after the usage of each oil mixture. Bricks and the roller was cleaned
before check of each oil sphe. In order to determine the afftiiction characteristics,

10Nm load was applied to torque wrench and amperage was controlled. The aim was to
determine the changes of the amperage at the same load and then measure the size of the
wear on the block.

"'..l‘*

o . 4 » " "
- 'm‘ »
. B e L2 e e A

Figure 4. Side view of sliding friction test bench with friction blocks used in the testdridtion
block; 27 steel disc; 3 oil reservoir.

RESULTS AND DISCUSSION

During testing conditions realized in hydraulic experimental apparatus, similar to
those which is possible to get in hydraulic system of agricultural machinery, was
observed that mineral and biobased hydraulic oils are practically compatible. There was
not observed any visual changes in the oil mixtures during regulation of operation
pressure of hydraulic experimental apparatus and the temperature of the oil mix in it.
Besides of that there was not also observed any changes in its original appearance.

Tests have showed that mineral based oil warms faster than biobased oil. For
example, wbased hydraulic oil achieved maximal testing temperature about 60 second
later than the mineral one. Oil mixtures have very similar results to mineral oil with small
difference based on the amount of added biobased additive. This could be connected
with the molecular structure of biobased oil, which is slightly different from the mineral
oil. Mineral oil molecules have tendency to radically change its size based on the impact
of temperature. While the biobased oil molecules does not change its sizecallyradi
and therefore biobased oil viscosity under temperature influence don't change so quickly
(Nathan et al., 2012). Heating curves of hydraulic oils and its mixtures could be seen in
Fig. 5.

Technical characteristics of both oils shows that pour péinticeral based oil is
25AC, but f oironipat-é1A&Ls g dl)aBesdd on these characteristics
can be deduced that the results of the experiments carried outHd h€ wi | | sho:
drastic difference, but obtained data showed that bémbasl viscosity at this
temperature is 206hn? s, but mineral oil viscosity is 190/@n¥ s, but other oil
mixtures based on the growing of organic oils impurity showed viscosity gradually
reduction till the biobased oil viscosity.

973



80
70 W'..v
60
50
40
30
20

Temperature, °C

10

0 5 10 15 20 25
Time, min

Figure 5. Heating curves of hydraulic oils and its mixturd4:+ 0% BioT =#=: M +25%
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The increase in temperature showed decrease of distinction. The measurements
taken at 20 C s howed mi n eaboatl71.84nMAs?, bui tisediomsed qil
viscosity at 65.86nn?s?. Comparison of the viscosities of the hydraulic oil and its
mixtures can be seen in Fig).
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Figure 6. Viscosity curves of hydraulic oils and its mixturéd:+ 0% Bioi =—#=—; M +25%
Bio T ; M +50% Bioi ==#== M +75% Bioi ==#=; Bio + 0% Mi

It should be noted that oil specification indicates that hydraulic fluid contains anti
abrasive additives, but it does not guarantee that the oil will protect parts from the
increased wear. This parameter is important as due to a bdddiatn propertes there
is possible increased wearing of all devices involved in hydraulic system. Experimental
results of the mixtures using sliding friction bench is showed in7#-iData showed that
biobased hydraulic oil have the best protection of hydraulic sylstemwearing, but
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50% mixture with mineral based oil have the worst antifriction characteristics. It could
be explained by chemical reaction between main components of oils, which are not
compatible and therefore such mixture has shown largest wearAmites seen, such
situation is mainly observed for mixtures, where biobased oil concentration is larger than
50%. Wear zone for separate dileseather it mineral or biobaséds very similar.

0.53
0.44
0.31
0.29
I ] I I

M+ 0% Bio M+ 25% Bio M +50% Bio M + 75% Bio Bio+ 0% M

0.6

o
o

©
~

o
(V)

Wear zone of the friction
block, mm
o o
[N w

o

Figure 7. Graph of the wear zone of friction blocks ftifferent oil types and their mixtures.

In general, the characteristics of the biobased hydraulic oils is good enough for use
in hydraulic systems of the vehicles, as also oil mixture+@®5% Bio), as has been
shown, can ensure normal operation of hyticasystems.

CONCLUSIONS

Based on the research of all oil mixtures it could be concluded that mineral based
and biobased hydraulic oils are compatible as there was not observed any visual changes
in the oil mixtures during regulation of operatjomessure and simulating of real working
conditions in the hydraulic system. Research on the viscosities of hydraulic oils at one
and the same temperature did not show rapid changes based on the different percentage
of admixture of biobased oil. Largestféifence of viscosities of mineral based oil over
biobased oil was observed only &t0A C . Il ncreasing the perc
hydraulic oil, viscosity of a mixture decreased. Besides of that, experimental results
using the sliding friction bench showséht the worst antiriction properties and the
largest wear occurred using mineral based hydraulic oil by 50% and 75% biobased oll
addition, but the smallest wear occurred using hydraulic oil with 25% organic additive.
Therefore only small amount of bicdxd oil addition can ensure acceptable wear and a
positive impact on environment. Usage of large mixtures are not recommended.
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Abstract. Research the aim of which was to find out stratification of main exhaust components
outside the tailpipe of the vehicle was realized in Alternative Fuels Research Laboratory of Latvia
University of Agriculture using two commercially produceditgst/ehicles (diesel and gasoline)

and exhaust gas analytical system AVL SESAM FTIR. Additionally there was created a gas
testing camera allowing to measure concentration of exhaust gas components in different heights
and windless condition®egulated andnregulated emissions from gasoline and diesel engines
were measured and discussed. Results obtained during the measurements showed main
stratification of toxic components from both engine types from 0.6 tonlfrbm the ground

making a risk to get soméealth problems by inhalation, especially for children. Main
components (NOx, CO, HC) of exhaust gases of gasoline engines stay in the air for about
15 minutes in height of 1.tn from the ground level, while methane and acetylene stay in the air
for a 15minutes in height of 0.6 from the ground level.

Key words: exhaust gases, stratification, diesel, gasoline, engine
INTRODUCTION

Internal combustion (IC) engines are widely used in transport sector for a long time
leaving a positive impact on almoahy sector globally as any other invention. In
addition IC engines leave also an important impact on environmental conditions as they
have been considered as main contributors to environmental pollution based on the
amount and consistence of emitted congrds. Main part of those components is the
result of various processes taking part during the combustion of fuel in the cylinders of
the enging incomplete combustion, combustion of Amarbon components, different
reactions between components under caraf®d conditions, etc. The main air quality
affecting componets from diesel and gasoline engines, which are also regulated by
EURO emission standards, are nitrogen oxides, carbon monoxide, hydracarbons and
particulate matters. The concentration of thas@monents are strongly connected with
driving conditions, vehicle technology, maintenance of the vehicles, etc. Despite the fact
that engine technology all the time is under improvement to meet more stringent
emission standards, possibility to develop neffecient and low cost emission control
systems becomes more complicated.
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Despite to all improvements, growth in global road emissions are expected mainly
due to a prognosed increase in growth of vehicle owners worldwide reaching 2 billion
vehicles till D50 (Rothengatter et al., 2011). Additional problem is also a gap between
official and reaiworld emission results, which was intensively analyzed by researchers
due to diesel emission scandal in recent years. The research realized by International
Councilon Clean Transportation (ICCT), analyzing 11 data sources covering 14 years
and 6 countries, and almost 6000 vehicles, have found that the gap between official
vehicle CQ emissions and reaborld CQ, emissions continues to grdwfrom 8% in
2001 to 386 in 2014 (Tietge et al., 2015). It is expected that the widening gap will add
1.5bn additional tonnes of G@or 2030 increasing the prospects of dangerous and
uncontrollable climate changes (Mind the gap, 2015). Another research done due to a
diesel emisions scandal discovered that diesel cars in EU meet official limit far NO
mainly in laboratory conditions, but emit far more pollution in real driving on the roads
and therefore the global human health impact from, BXZess in exhaust emissions
could result in at least 3800 premature deaths due to heart and lung disease and strokes
(Anenberg et al., 2017). Additionaly breathing of fuel fumes can affect human health
causing irritation of eyes or respiratory tract. Despite to the fact that these effgicts
be experienced in short term, regular or prolonged exposure could be the reason for
coughing, chestiness or even the risk of lumiceaor asthma.

Besides the direct impact of exhaust gas components emitted directly from fuel
combustion there exis@lso synthesis of them in the atmosphere based on different
chemical reactions. One of such examples is 0zone, which is noxious pollutant at the
ground level and is significant contributor of global warming (Johnson, 2017). Main
ozone precursors are marade and emitted mostly by transport, especially diesel
engines, which are leading source of N@bhnson, 2017). Formation of ozone is over
a day, starting in the morning, when NO, HC and CO is emitted from tailpipes of the
vehices till midafternoon, whemMNOy in the presence of sunlight form ozone together
with VOCs. The formation of ozone and secondary organic aerosols from gaseous
organic compounds emitted by diesel and gasoline are confirmed by laboratory
experiments (Harrison & Hester, 2017)

Based orbackground knowledge, this study is designed to identify concentration
level of the main exhaust gas components in the air in current conditions from two
general transport groups (diesel and gasoline vehicles) to highlight potential risks for
public health It is important also due to a fact that Latvia has one of the oldest car fleet
in the EUI average age is about 12.5 years (Smigins & Shipkovs, 2014). And the
structure of the fleet shows rapid increase in the number of diesel vehicles. Besides of
that t was observedhat the largest, slovmoving traffic flow usually forms at the
entrance doors of shops, near kindergardens, near sidewalks during congestions. where
usually is possible to meet a lots of people and children. This research gives possibility
to understand movement of exhaust gas components in such places and explain why it
is necessary to avoid prolonged stay in it.

MATERIALS AND METHODS

To achieve the objectives of this study, evaluation of exhaust gases were conducted
in laboratoryenvironment using two vehiclésone with diesel enginevVplvo V70
2.5TDI) and another with gasoline engingugi A6 2.§. Volvo V70engine is a five
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cylinder, four stroke, OHC, water cooled, with effective power of KM¥3 Audi A6

engine is a sikeylinder, four stroke, OHC, water cooled engine with effective power of
110kW. Both engines are with industrial application and they have catalytic converters.
Diesel fuel used in tests is based on standard EN590:2014 and gasoline based on standard
EN228:2013.

Air sampling was realized in the Alternative Fuels Research Laboratory of the
Latvia University of Agriculture in the laboratory controlled environment provided by
gas testing camera and AVL SESAM FTIR multicomponent exhaust gas measurement
system, which aflws to measure up to 25 gases simultaneously and some components
can be calculated from this process.

Gas camera with height ofr@ and a diameter of 016 was prepared specially for
experimental work. Gas supply valve was binild0 cm from the ground leel for the
regulation of gas inlet, as also gas exhaust valve was built in the top of gas camera. This
allowed to measure concentration of exhaust gas components in different heights and
windless conditions. Four different positions were chosen for measumts: 0.1n,
0.6m, 1.1and 1.8m. Measurements were started only when the engine was “fifned
and camera was completely filled with exhaust gases realizingif.ecord for each
position. Such measurements were realized 4 times with time intemial. Dverall,
there is possible to highlight such measurement timi&mtn, 57 min, 10 12 minand
15/ 17 min. After each test gas camera was fully aired from exhaust gases. Filling of the
camera with exhaust gases was realizedrimiriutes. During the &s each engine was
operated in idle mode, following to the corresponding working temperature. Each
vehicle was tested based on such methodology.

The schematic diagram of the experimental setup used for studying engine emission
characteristics is shown Fig. 1.

3 7 \
2\ ~180cm|
R L 110cm|
1 ' 4
: | 60cm \ 5
9\
. AVL \
=] | 10m Y SESAM
i‘ : N T pc

Figure 1. Schematic diagram of experimental setup: idlet valve; 2i gas storage tank;
31 probe loading aperture;i4multicomponent exhaust gas measurement system AVL SESAM
FTIR; 57 data recording PC.

During the research all gases wéred, but detailed analysis were done only for
the most essential regulated exhaust gas components: nitrogen oxidégsogtion
monoxide (CO), carbon dioxide (GOand unburned hydrocarbons (HC), sulphur
dioxide (SQ), as also unregulated exhaust gasmponents: ammonia (N methane
(CH,), acetylene (eH2) and ethane (&1s). The detected level of each component was
averaged as the result of three replications to decrease the uncertainty. Each replication
was the real time o®rd with an interval of lex.
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Besides of that it was taken into account that stratification of gases was affected by
the density of gas at defined pressure and temperature, which depends on its molecular
weight.

RESULTS AND DISCUSSION

The experimental data, which characteritresvariation of different emissions for
diesel engine based on time and height can be seen in figures belo®).(Rgsults
shows that main part of NOCO and C@emissions do not move in height for more
than 0.6m for a first 2 minutes after the blimg from tailpipe in environment. More
substantial movement has been observed during next time peiiotifd), when the
gases divided evenly in all camera. After that it is possible to observe that all mentioned
gases gradually settles and retains aifsoggimt concentration in next two measurements
(20i 17 min) in height up to 1.dn. This is a height, which is freely accessible to children,
pets and poses a significant health risk.
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Figure 2. Variation of main regulated emissions (NOx, CO, G{dd HC) for diesel engine
(Volvo V70 2.5TDI).

The situation is completely different for HC emissions, where the largest
concentration in first two minutes after blurring from tailpipe in environment was
registered in height of 1/@ reaching 43%pm. Significant HC concentration reduction
till 206 220ppm was observed in the next time periods with increasing of a time, but
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the gas was evenly spaced around the camera. It means that HC emissions also increase
the risk to reach a human respiratory tract.

Very similar results with small derogations were observed in case of gasoline
vehicle. The main difference is expressed in the big gap in concentration of the main
components compared to the diesel emissions3Fgmmarizes main results obtained
duringthe tests. As presented in F8j.that main part of N CO and C@emissions
concentrate in height of G.1.1 m for a first 2 minutes after the blurring from tailpipe in
environment. Gradually all mentioned gas component concentration decreases reaching
the highest level of around 1nmdin height during the next 15 minutes (43im for NQ,

26598 ppm for CQ)
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Figure 3. Variation of main regulated emissions (@O, CQ and HC) for gasoline engine
(Audi A6 2.6).

HC emissions are mopgonounced in height of Orfhin a first 2 minutes gradually
increasing concentration till 1rh in the next 1015 min. Among all the pollutants, HC
has the highest concentration in the air after defined periéd $1in).

Differences in the amount of ettdd components from gasoline and diesel engines
could be explained by the difference in carbon (C) and hydrogen (H) content in fuel,
which combine with oxygen (O) during combustion. This difference can vary in a couple
of percentage between both fuels #imerefore it is possible to observe variation of the
produced emissions (especially, £@uring combustion.
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Besides of those components, there was decided to turn attention on main
unregulated emissions, like NHC;Hg and others. Ammonia is one of theshabundant
nitrogen compounds in the atmosphere and actively reacts with other compaands
reaction with nitric acid it generates ammonium nitrate {NIBt), but in the reaction
with sulphuric acid ((NH)2SQy) in the gas phase it generates particutzdéers (Borsari
& Assuncao, 2017). There was not found correlation betweeraNtHother emissions,
but possible values of this compound could be lower if the catalyst is not used, because
results in literature claims formation of this compound within the automotive catalyst
(Borsari & Assuncao, 2017). Current research showeddhattion of NH in different
time periods is not as drastic as in case of other regulated compounds and it remains
stable throughout the volume of test camera in different time periods for both fuel types
(Figs 4, 5). Reduction level do not exceeid7% afer first 5 minutes from the start of

tests.
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Figure 4. Variation of main unregulated emissions (NIBH,, C;H2 and SQ) for diesel engine

(Volvo V70 2.5TDI).

CH.is another important component, which participates in formation of GHG. This
component cannot be estimated based on fuel carbon and usually are determined by
combustion system type and control technology (Lipman & Delucchi, 2002). Methane
emissions usuall occur due to incomplete combustion along with unburned
hydrocarbons (Lipman & Delucchi, 2002). In any case €ission level for gasoline
engine is higher than for diesel and stratificati@ture is quiet similair 15 minutes
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after the start of the tedargest concentration of methane emission is &t1016n
(Figs 4, 5). As it was mentioned before, this is a height, which is freely accessible to
children and poses a significant health risk.
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Figure 5. Variation of main unregulated emissio(i$Hs, CHs, G:H2 and GHe) for gasoline
engine (Audi A6 2.6).

Acetylene (GH.) is another combustible gas, which could be found in engine
emissions in negligible concentration. It is highly combustible and unstable gas, which
produces high flameéemperatures from ,B00AC to 5400/AC in combination with
oxygen (Basha et al., 2016). Results on acetylene obtained during the tests did not show
some united patterns as it was in case of other compounds, but it showed the similarity
with methané both of these gases reached maximal concentration in height of
0.6/ 1.1 m at the end of the test.

Sulphur dioxide (see Fid), which is more characteristic for diesel engines did not
show large concentration in air (max Of@#m) and was mainly stratified ihe height
of the vehicle tailpipe (0iD.6 m). As it is known, presence of sulphur increase the risk
of acid rain caused by S(as also a fraction of this oxide can be converted in sulphuric
acid, which is a particulate.

Ethane (GHe) is another greenhoegas, which is more characteristic for gasoline
engines showed increase in concentration in the next time periods startingfrom 5
minute and almost in all volume of gas camera tillZ0ppm (Fig5). This could be
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explained by different chemical reamts taking participation in the presence of other
compounds in the exhaust emissions.

CONCLUSIONS

Results showed that the concentration of main regulated comp¢xert£0, HC)
stratify in the heightlose to the height of children (0.6L.1 m), butsome of them also
in height close to adult (about 1.8 m), while othersHiC C:Hg) did not show clear
reduction tendencies. In overall, it can leave an important impact on health in the long
term, if it is necessary to be in such environment each dayprébematic could be age
and technical condition of the vehicles, as also the place where the concentration of
vehicles is constantly high (like, congestions, parking lots, etc.). Therefore it is desirable
to avoid a subsistence in the following locatifersa long time, especially with children.
In addition, each of the gases can stay in atmosphere for a long time to become well
mixed making unfavorable conditions also globally and contributing development of
smog.

Results could be different, if the reseh would be realised in conditions close to
the real, taking in account different temperature, pressure and wind flow regimes.
Therefore further investigations must be done to determine such information.
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Abstract. The development of biofuels for compression ignition engines is heading primarily to
utilization of vegetale oils. Combusting of 100% vegetable oil in unmodified ClI engine is
usually not possible due to higher viscosity of the vegetable oil. In order to use 100% vegetable
oil in CI engine the oil needs to be preheated, esterified or hydrotreated. Alternativaigter

to use raw vegetable oil in Cl engine without preheating it is possible to use vegetablie sl

fuel blends or vegetable dilbutanoli diesel fuel blends in order to lower the viscosity of the

fuel. The contribution focuses on comparisdrihe effect of sunflower and rapeseed vegetable

oils on operational parameters of the turbocharged compression ignition engine, especially on
production of solid particles. The measurement was carried out according to standardized NRSC
test cycle. 5% ah20% concentration of vegetable oils in diesel fuel were used as a test fuels for
the measurement while the diesel fuel was used as a reference. The count and size of solid
particles were measured by means of EEPS patrticle analyser. Based on the nvahseseit

can be stated that the slight increase of performance parameters occurred with strong effect on
emissions production, especially on production of solid particles.

Key words: Combustion engine, biofuels, diesel fuel, particulate matter, vegeighlesl blend.
INTRODUCTION

The biofuels in the combustion engines are used to reduce the impact of combustion
of fossil fuels on the atmosphere and to reduce dependency on fossil fuel products. The
biofuels based on vegetable oils or alcohols aretnoosnmonly used for CI
(Compression Ignition) engine (Jindra et al., 2016; Kumar et al., 2016; Kumar &
Saravanan, 2016; Gailis et al., 20Haw et al., 2018)For this purpose the edible and
nonedible oils from a variety of plants with suitable oil clweaistics can be used
(Vani chseni et al ., 200 3; Sidi b® et al .,
2018).

In comparison with the diesel fuel the vegetable oil is denser and has a higher
viscosity, higher flash point, lower calorific value, héglsurface tension, higher oxygen
content and lower carbon conteRrtgnco & Nguyen, 201 Esteban et al., 20).2
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Utilization of the 100% vegetable oil as a fuel for compression ignition engine
requires modification of the fuel system becausenietessary to preheat the oil in order
to reduce the viscosity (Pexa at, 2014). The recommended temperature for oil
preheating varies significantly, the values, published by other authors, are in the range
from 70AC ( Kumar et ALC. (zZAvadiva & YJeyachandran3 Z005).
Vegetable oil may be also used as an admixture to the diesel fuel or other fuel blends
(Franco & Nguyen, 2011Raw vegetable oil can be added into the diesel fuel in ratio
20% oil and 80% diesel fuel and it can be burnetiauit modification of the engine or
preheating of the fuel (Elango & Senthilkumar, 2011; Yilmaz & Morton, 2011; Gad et
al., 2017; Mat et al., 2018), some sources state 30% of oil (Masjuki et al., 2001).

According to review, made by Mat et al. (2018), amhfwund that under the
concentration of 50% of vegetable oil in the diesel fuel the smoke of the engine is
reducedShah & Ganesh (2016) athah et al. (2018) found increased cylinder pressure
and reduced smoke of the engine, especially at high engide Wwhen using filtered
vegetable oil as a fuel for Cl engirigakopoulos et al. (2006) and Hazar & Aydin (2010)
found increased smoke density when using not preheated vegetabliesell fuel
blends, especially at low engine speed. Sathiyamoorthi & $amiayanan (2017)
found increased opacity at low and moderate engine loads and decreased opacity at high
engine load.

Particulate matter (PM) produced by combustion engines means serious danger to
human health (Kotek et al., 2017). The carbon particlesrabother substances (i.e.
hydrocarbons or heavy metals, ect.) on their surface. The harmfulness of the solid
particles rapidly increases with their decreasing size and the smallest particles can even
enter into the blood stream (Dockery et al., 1992; dddumar & Senthilkumar, 2017;
Soleimani et al., 2018) he particles with a diameter of 20 nm was found to have the
highest deposition efficiency in the alveolar region of the lungs (Warnatz et al., 2006).

The aim of the paper is to experimentally verifye teffect of rapeseed and
sunflower oil as a fuel admixture on performance parameters and solid particles
production of compression ignition engine.

MATERIALS AND METHODS

The measurement was performed
using turbocharged compression ignition
engine Zetorl1204 placed in the tractor
Zetor Forterra 8641 (Fid). The
displacement of the engine is 4.156he
rated power is 6&W (53.4kW on PTO
(Power Take Off) according to Deutsche
LandwirtschaftsGesellschaft). The basic
parameters of the engine are listed
Tablel. The engine is unmodified and its
operating time does not exceed 15(C
operating hours.

The engine was loaded trough the
PTO using mobile dynamometer MAHA
ZW 500 (Fig.1).

Figure 1. The tractor Zetor 8641 wi
mobile dynamometer MAHA ZW 500.
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The dynamometer has maximum torque of 6,866 maximum braked power of
500kW and maximum rotation speed of 2,5@fn. The data from the dynamometer
were stored using data acquisition unit, provided by manufacturer, to the hard drive of
PC with frequencyf 10Hz. The exhaust gas temperature sensor, fuel temperature
sensor and ambient conditions sensors (atmospheric pressure, temperature and humidity)
were also connected to the MAHA data acquisition unit. The losses in the gearbox have
no effect on the aoparative measurement of the influence of fuel on the operational
parameters of the engine and therefore they are not taken into consideration.

Table 1. The engine parameters

Manufacturer and type Zetor 1204

No. and arrangement of cylinders 4, intline

Air flow Turbocharged

Rated power 60 kW at 2,200min* (53.4 KW on PTO)
Maximum torque 351Nm (312Nm on PTO)

Engine displacement volume 4.156L

Cylinder bore X stroke 105 x 120mm

Compression ratio 17

Fuel system Mechanical inline injection pump
Injection type Direct injection

Combustion chamber Bowl-in-piston

Injector noozle Multihole

Start of injection (SOI) 12A before top dead c
Injection pressure 22 MPa

Valve mechanism OHV

Valves per cylinder 2

The production of solid particles was measured using the Engine Exhaust Particle
Sizer 3090 (EEPS) made by TSI Iite particles are evaluated as the count of particles
in 1cn?. The basic operational parameters of the EEPS particle analyser is shown in
Table2. Before entering the particle analyser the exhaust gas is diluted (dilution factor
99.2667, dilution ratio 0.01007) and cooled down to temperature appréxC23 T h e
pressire of the measured gas is kept at approxkPData from the particle analyser
were stored to the hard drive of PC with the frequencyHi#.1

Table 2. The basic parameters of the EEPS

Particle Size Range 5.6/ 560 nm

Particle Size Resolution 16 channels per decade (32 tote
Electrometer Channels 22

Charger Mode of Operation Unipolar diffusion charger

Inlet Cyclone 50% Cutpoint 1 e&m

Time Resolution 10 size distributions’s

As a test fuels the diesel fuel blended with vegetable oils ugerd. As a reference
fuel the diesel fuel with no biocomponents was used. The following fuel blends were
used for the measurement:

1 5% sunflower oil / 95% diesel fuel
1  20% sunflower oil / 80% diesel fuel
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5% rapeseed oil / 95% diesel fuel

20% rapeseed 0il80% diesel fuel

100% diesel fuel according to the regulation EN 590 (DieB& 590)i with no
bio-component

The viscosity and density of the tested fuels are shown in Baflee values in
Table3 were measured by means of Stabinger Viscometer SVM 13@de by Anton
PaarGmbH (measuring accuracyl®o, repeatibilty 0.1%).

= =4 =4

Table 3. Viscosity and density of the tested fuels

Temperature Dynamic Viscosity Kinematic Viscosity —Density

Fuel AC mPa s mne st kg
Diesel fuel 40 1.444 1.801 801.65
15 2.329 2.843 819.1
20% rapeseed oil 40 2.443 2.984 818.75
15 4.216 5.042 836.1
5% rapeseed oil 40 1.627 2.022 804.4
15 2.65 3.224 821.9
20% sunflower oil 40 2.54 3.088 822.45
15 4.426 5.27 839.85
5% sunflower oil 40 1.647 2.041 806.9
15 2.726 3.307 824.35
350 1
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250 H
_ interm_75 O rated_100
= | _
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— 100 - rated_50 °
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500 1,000 1,500 2,000 2,500
rpm
External speed characteristic O NRSC points

Figure 2. The example of the measurement points for NRSC test for diesel fuel.

The measurement was carried out accordingpoift NRSC (NorRoad Steady
cycle) test kSO 81784, type C1l)For each tested fuel the torque curve wesasured.
Then, based on the torque curve, the points for the NRSC cycle was determined for each
fuel. Points are defined by rotation speed (idle, at max. torque and rated) and torque
(10%, 50%, 75% and 100%). The example of the points for the NRSCeesstaarn in
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the Fig.2. At each measurement point the engine operational parameters are stabilized
and then the data are recorded for approx. 80 seconds. The software MS Excel was used
for data evaluation.

RESULTS AND DISCUSSION

In theFig. 3 thetorque curvesor all tested fuels can be seen. From the figure it is
evident that the all tested blends of vegetable oil with diesel fuel caused an increase of
the engine torque and power. The higher torque and power could be a result of
combinations of diferent physical properties, such as viscosity and bulk modulus of
vegetable oils in comparison with diesel fuel. According to Shah & Ganesh (2016) the
different physical properties of fuel could affect injection timing and rate of fuel
delivery. Also, te different chemical properties of vegetable oils in comparison with
diesel fuel could affect the combustion process and may lead to higher cylinder pressure
(Shah et al., 2018T.he Table4 shows the maximal reached values of torque and power
for all tesed fuels. The increase of torque and power between apfid @an be seen
for all tested blended fuels in comparison with diesel fuel.

350 -
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£
(]
>
o 200 H
o
|_
150 -
100 T T T T T T 1
1,000 1,200 1,400 1,600 1,800 2,000 2,200 2,400
rpm
Diesel fuel — — 20% rapeseed oil = - = 5% rapeseed oil
--------- 20% sunflower oil  ====-5% sunflower oll

Figure 3. Thetorque curvs, reached with the tested fuels.

Table 4. The maximum reached values of torque podrer for all tested fuels

Fuel Max. torque Max. power

Nm % kw %
Diesel fuel 300.82 100 52.05 100
20% rapeseed oll 310.27 103.14 53.11 102.03
5% rapeseed ol 306.75 101.97 53.07 101.94
20% sunflower oil 308.89 102.68 53.22 102.23
5% sunflower oil 307.11 102.09 53.57 102.92
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In theFig. 4 the results for all 8 points of the NRSC test for diesel fuel are shown.
It can be seen that the engine reaches the highest concentration of solid particles at point
rated_10, the size of most produced particlés range of 45.869.8nm.
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Figure 4. The results of particles analysis for diesel fuel.
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Figure 5. The results of particles analysis for the fuel containing 20% of rapedleed

In theFig. 5 the results of particle analysis for the blended fuel with 20% rapeseed
oil are shown. It can be seen that the main difference in comparison with the diesel fuel
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is reached at idle. In comparison with the diesel fuel the substantial increase can be seen
in production of the very small particldRakopoulos et al. (2006) and Hazar & Aydin
(2010) also found the increase smoke density for vegetabltiesi#l fuel blends,
particularly at low engine speetdhis may be caused by the combination of higher
viscasity of the fuel, containing 20% of rapeseed oil, and therefore worse atomization of
the fuel, and worse evaporation, caused by worse evaporation ability of the vegetable
oils in comparison with diesel fuel. Since in idle the substantial part of the cbambus
is premixed combustion, the effect of worse evaporation is increased. Also, it can be
seen that in the case of fuel with 20% of rapeseed oil the maximum concentration of
produced particles while engine idle is in the range of approxi 22.Bnm, whie in
case of diesel fuel it is in the range of 9.8Q.8nm. However, the maximum
concentration of produced particles at idle is more than 6.5 times higher in the case of
fuel with 20% of rapeseed oil in comparison with diesel fuel. In other measurement
points the engine, running on blended fuel with 20% of rapeseed oil, produced lower
concentrations of particles with slightly bigger sizes in comparison with the diesel fuel.
In the Fig.6 the results of particle analysis for the fuel blended with 5% eSeaxl
oil are shown. From the figure it is evident that at idle the amount of produced solid
particles in the small sizes is substantially lower than in the case of fuel with 20% of
rapeseed oil, but their size is also lower. The most particles, prodintiedidie, has
size of 10.81m. In other points of the NRSC test the engine tends to produce less amount
of solid particles in comparison with the diesel fuel or fuel, containing 20% of rapeseed
oil. The sizes of particles are approximately the same the icase of fuel with 20% of
rapeseed oil (except idle).
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Figure 6. The results of particles analysis for fuel containing 5% of rapeseed oil.

In the Fig.7 the results of particle analysis for the fuel blended with 20% of
sunflower oilare shown. In comparison with diesel fuel, similar trend as in the case of
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20% rapeseed oil can be seen, except of idle, less particles are created and their size is
slightly bigger. At idle the substantial increase in production of small solid particles
(14.3 19.1 nm) in comparison with diesel fuel occurred, similarly to fuel containing 20%
rapeseed oil. In comparison with the results obtained with 20% rapeseed oil the lower
number of particles are created while their size remains approximatelly the same.
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Figure 7. The results of particles analysis for fuel containing 20% of sunflower oil.
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Figure 8. The results of particles analysis for fuel containing 5% of sunflower oil.
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In the Fig.8 the results of particle analysis for the fuel blended with &%
sunflower oilare shown. In comparison with the rapeseed oil the the results obtained
with sunflower oil does not follow the same trend. At points idle, rated_10, rated_75,
interm_50 and interm_75 the production of solid particles is lower compare@®db
concentration of sunflower oil. At points rated 50, rated 100 and interm_100 the
number of produced solid patrticles is higher than in case of 20% sunflower oil. From
this result it is evident that at high engine load the higher percentage (20%jloiveun
oil reached better results, at moderate engine load the results of 5% and 20% sunflower
oil are comparable and at low engine loads the 5% sunflower oil reached better results.
At idle the decrease of amount of produced small solid particles caedme but
compared to the fuel blend with 5% rapeseed oil the amount of particles is still approx.
by 44.3%higher (at size 10.8m).
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Figure 9. The total particles count for all tested fuels (error bars represents the standard deviation
of the measuredata).

In the Fig.9 the total count of produced solid particles for all tested fuels is shown.
Except of idle the highest amount of solid particles was produced by engine operating
on diesel fuel. However, the vegetable oils caused substantial inofga®eluction of
solid particles at idle where the smallest particles that can be detected by the measuring
device are produced. In the Tabl¢he comparison of total count of produced particles
in percentage is shown. From the table it is evident tke¢pt of idle, all tested blended
fuels achieved better results than diesel fuel. Accordirgheth & Ganesh (201@his
can be explained by higher oxygen content and lower carbon content in vegetable oils in
comparison with diesel fuel.

It may be also ned that from the blended fuels the best result was achieved with
fuel, containing 5% rapeseed oil (except rated_75). In comparison with diesel fuel the
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fuel with 5% of rapeseed oil decreased the total solid particles count I34&8%
(except idle).

Table 5. Comparison of total particles count ircte® for all tested fuels

Measurement Diesel 20% 20% 5% 5%
point fuel rapeseed oil sunflower oil rapeseed oil  sunflower oil
- % % % % %

idle 100 922.08 671.91 254.02 438.61
rated_10 100 92.66 91.37 79.75 85.59
rated_50 100 87.00 86.20 83.30 90.59
rated_75 100 90.16 91.69 91.35 87.70
rated_100 100 99.33 90.63 89.14 96.56
interm_50 100 87.57 85.56 79.90 85.31
interm_75 100 86.06 81.44 75.79 83.11
interm_100 100 91.37 86.90 81.36 90.65

CONCLUSIONS

From the results of measurement the following conclusions were made:

1  The addition of both rapeseed and sunflower oil in concentration of 5% and 20%
resulted in increased torque and power of the engine. The torque and power increase
was betweemapprox.2i 3%.

1  When operating on 5% and 20% sunflower or rapeseed oil the engine tends to create
slightly bigger particles in comparison with diesel fuel.

1 Addition of rapeseed and sunflower oil in concentration of 5 and 20% resulted in
decreased production of solid particles by appbo#.24.2% in 7 from 8 measured
points.

1  The substantial increase of production of solid particles occurred when engine
idling. The cause may be the combination of low temperature, insufficient
atomization of the fuel with high viscosity and poor evaporation of the vegetable
oil before premixed combustion. The increase of injection pressure may help to
solve the problem.

1  From tesed fuel blends the fuel with 5% rapeseed oil and 95% diesel fuel showed
the best result in terms of solid particles production.

From the obtained results it can be claimed that in comparison with diesel fuel the
addition of rapeseed or sunflower oil iretboncentration up to 20% into the diesel fuel
decreases the production of particulate matter in most of tested engine mods despite
increased viscosity of the blended fuels. The substantially increased production of very
small particles while engine idleoald be possibly solved by increased injection
pressure, addition of butanol (Atmanli e
or preheating of the fuel in order to improve atomization of the fuel.
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Abstract. The need to increase municipal solid wasteycling rates has led to the study and
analysis of recycling schemes from the perspective of the technical issues that may be involved.
This paper compares two waste collection sys-
of the Czech Republic:rmunicipal solid waste collection system for paper (including cardboard)
and a biodegradable municipal solid waste collection system. Both collection systems were
introduced at different times to cover one selected urban area. The emphasis has been placed o
an evaluation of the development of individual, separate collections between 2014 and 2016.
Analysis of the technological operation and performance of the collections are observed and
evaluated by measuring a range of waste collection system indic&tffisency levels,
especially when it comes to separate collections of both types of municipal solid waste, are
compared to their relative representation in the remaining bulk of municipal solid waste. The
changes in representation of these types of wagd@st those in the rest of the municipal solid
waste shows which collection systems are more successful from the perspective of the
implementation of the directive which covers landfill usage. The results also describe why
systems could be more successfithin the view of wellchosen or inappropriatelelected
technological parameters for materials separation. The possibly statistically significant impact of
paper waste production in terms of the relative amount of paper waste across the rest of the
municipal solid waste has also been shown.

Key words: municipal solid waste, rest municipal solid waste, biodegradable municipal solid
waste, biodegradable municipal solid waste collection, paper and cardboard waste collection,
material compositions.

INTRO DUCTION

In the Czech Republic, the mean production per capita of municipal solid waste
(MSW) is about 33%g per year and, typically, 50% of the total mass isviaste, eg.
food waste, and paper (PCMSW) and biodegradable municipal solid waste from parks
and gardens (BMSWRCMSW and BMSW which is produced within a municipal area
is a quantitatively highly important category of waste, and the way in which it is treated
can both positively and negatively influence environmental components. PCMSW and
BMSW contributes to the aamulation of the anthropogenic greenhouse effect and
planetary climate change. The greenhouse gases which are produced during the process
of bio-waste decay at landfill sites contributes to global greenhouse gas emissions by
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approximately 4%(Papageorgioet al., 2009)A directive which has a crucial value

from this perspective and which is fully integrated with Czech legislation is referred to

as the Council Directive on Landfil] 19¢
Directi veod) .velO%/BIEC iedtablishBs targets which should result in a
decrease in the quantity of bieaste that is disposed in landfill. 2010, around 75% of

the total biewastemass produced in 1995 should be stored in landfill sites, while in

2013 the figure shdd be 50% of this amount, and by 2020 only 35% ofviste from

1995 should remain in landfill sites. In the Czech Republic, a total of 1,53@090f

bio-waste was produced in 1995, and in 2€6idre were 1.5 million tons of biwaste

being stored imandfill sites instead of the admissible 1rh8lion tons. The precautions

set out by the directive should take care of the materials and erdasd use of the

waste from the perspective of a solid waste management system (Vehlow et al., 2007).
Wastecollections form one of the most visible activities in a waste solid management
system, and it is one that the public highly perceives. Although the goal of waste
collection is to keep a city clean, the activity needs to deal with budgetary challenges,
logistical constraints, public acceptance, and a reduction of environmental and health
impacts, as well as being capable of reaching collection and recycling targets which have
been set by Landfil!] Directive 192093 31/ E(
Williams & Cole, 2013).

The services for PCMSW and BMSW collection are defined as being a combination
of a certain form of technology and human labour (Bilitewsky et al., 1997). This action
corresponds not only to waste collection from certain tgbessurce, but also includes
the transportation of this waste to locations at which waste management lorries are
loaded up (Tchobanoglous & Kreith, 2002). PCMSW and BMSW collection systems
which are applied within the Czech Republic can form a kerbsidectioh, where
recyclables are placed by members of the public on the kerbside outside their houses for
collection by a lorry on an appointed day, or by means of adffagollection, where
recyclables are taken by members of the public to-dfbpointsat various localities in
their vicinity and then are picked up by lorry at an identified frequency. Both kerbside
and dropoff systems are characterised by a diversity of implementation technologies
(sometimes including especialtiesigned collection vetles), and different collection
frequencies and logistics are needed to support them. The way in which each region
operates its PCMSW and BMSW collection depends upon-gocnomic conditions,
available infrastructure, and service provision (Timlett & l\fihs, 2011 Martinho et

al., 2017).

More studies of waste collection syst
knowl edge base of such collection syste:
adapted in order to be mor ewlsiuxch eseippaurl at
PCMSW and BMEWmpawnsci pal solid waste co
their performance in terms &Dfe dasetge( Te erl
environment al i mpact (Powell, 1996;- Mai mc
Geyhan et al ., 2016) , recycling/collecti
participation and behavioufl99DskBmpaane a
Martin et al., 2006; Shaw et al., 2006) .
for exampl e, devel oped key performance i
the MSW collection.
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The main aim ofoftf hasbapaperdevsasi ptison
strategy, taking into account the analys
BMSW and PCMSW waste from the perspectiyv
first stage datand sstcaotlilsetcitceadl,|l yt raenaatleyds,e (
variables and performance indicators fr
Republlti cprovide conclusi ve i nformati on
coll ection behaV| oumes dainrde cttrieonnd sf ofro | d lolw t
collected under each <coll ection scheme.
analysis and comparisons between possi bl
the increased prodastéeoanoitseltecatedveov:t
MSW stream (RMSW), which is sent to | andi

MATERIALS AND METHODS

Collection area

The methodology was applied to two selected kerbside collection services for paper
and biodegradable waste in a medisized city inthe/y s o | i n.&hercadlagtioro n
area consisted of a typical city centre, mainly one with apartment buildings or cesiden
with a rather high population densityhe total surface area occupied by the city is
56km?. By the year 2016, it had grown to include 36,630 inhabitantey are
permanently domiciled i%,304 houses and 14,779 flathis corresponds to a mean
spatal distribution of about 70hhabitants per kdand they are distributed throughout
seventeen different city districts. Ten of them are located directly in the urban area and
the other seven are in the vicinity of the integrated vill&ges is the mostarnmon
heating medium.

Economic activities for this population include industry (50%), trade and business
(46%), and agriculture (4%). MSW production per capita is only abolgZp@r day.

Most of the municipal solid waste production is deposited in lsdés.

Separate collection of PCMSW and BMSW can be considered to be fully
developed, with good access throughout the whole of the urbanTémeaollection
BMSW here is applied as a combination of dofpand kerbside systemEhe situation
regardirg a separate collection of PCMV¥&o0 includes th&erbsidesystem andirop-
off system.

Data collection

Data collection was <carried out in ord
was able to produce accurate generali sai
kerbside collection systems. Data was <co
areahwhwerce taken by the | ofcad. rc.od.l)e cavieorn
of t hr(e202y@ia6n s| vAsbiowee) .al | , data rredmbderd t
of containers, and the volume of each
coll ewctihom the selected reference period.

i s shownl.i nFoTrabtltlee ot her purposes of t hi
calculated on a monthly basis during eac
i nto tactchbeunavail able volume of containers
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The val ues 2giweanmn ipmr olvaibdeed by the co
regul ar RMSW analysis at mamtv.iely g
tance anahlayssilseeonf cRMSW ed out sin

uati on, use was made of the total 0
1) in RMSW data from 2@ite40dlr6y t o Dec el

I 1 e
din
ce
v

TablWaste prdOuzdd i énthmearbmadermarstudy

Year Total volume of  Amount of Amount of Amount of Amount of
waste, t MSW, t RMSW, t BMSW, t PCMSW, t

2014 192,200 31,074 16,239 149 580

2015 193,693 31,169 16,230 274 591

2016 235,374 31,484 16,676 545 620

Source: research ESKDs.r.o.

Table 2. Rest municipal solid waste compositibaverage mass fraction in 202016

Type no Waste component Mass fraction, k¢
2001 01 Paper and cardboard (PCMSW) 12.17

2001 08 Food waste 12.71

2001 39 Plastics 10.31

200110 Clothes 1.75

2001 11 Textiles 2.09

200138 Wood 1.18

2002 01 Biodegradable waste (BMSW) 5.62

200301 Glass 1.03

200302 Metals 1.28

20 0307 Other 43.60

Note: type nait h e code for each type of wast e i n t he

Source: research ESKD s.r.o.

The density of Table 3 Results of our own measureme
evaluated by me a s u r of density for both kinds of segrega
wei ght for empty c o municipal solid waste in the collecti

1. 3am@. 66 mce they hacontainers

with PCMSW and3)BMSWWaste Density*, kgm'
identified deateért fnienBMSW 300
tot al capacity ut i | iPCMSW 50

* average.

Statistics methods

In this work we present a methodology which aims to support the assessment of
waste collection performance. The determination of the volume of BMSW and PCMSW
in RMSW is based on the results of composition analysis which was carriby the
local collection companyAverage values of the content of individual RMSW
components are calculated by derived relation (1), where the formula for the arithmetic
mean is adjusted from progressiv@lgrformed RMSW analysis in 2014 and 20E6r
the calculations being considered, the methodology also allows for the relation (2),
which determines the relative volume of PCMSW and BMSW in RMSW.

1000



Average relative content of type of wast ¢

a
B —
. a
n T—OpT[T[ (1)
whemféaver e relative content mficamteertyp

ag
mass of the type of wamcfienénwloboolke RRIESWS s
mas s ninkugmber of performed RMSW anal yses,
Rel ati ve amount'of PCMSW and BMSW in RMS)
5 a ¥
0 T Z dpmnm 2)
wh e pemsw rdvMswe | at i ve amount of PCMSW and
MpcMsw RAMEGW Nt e nt mas s of t he type of wast

Mamji@anNe whole RMSW sampl e mass, kg.

l addi ti on, a methodol ogy for producing
the RMSW composition results, involving ¢
mi ni mum averages, an error all owance for

coefficient.

Theetnhodol ogy for determining the tota
BMSW containers was based on relations 3
Totaavlai | abbé WwP&€MSive ao dn B MiSyeerasr,

YO W g Ew g 220 4 dod (3)
wheTAY¥Yevusw svéwo taavlai | abloef vPOOMISWY amdnBBRSEWer s
drfiy e necmsw slwéwvhreu mber of PCMSW andnuBriliSW )c o
Ndcmsw séwhreu mb e r of rides to empty the PC
Mumh¥ecvusw elaywo |l ume of PCMSW andlmBMSW cont a
To tcaalp accfi tRAYCMSW a0 dn BakSygieda s |,

e Yoww g

Yo w T

dprmm 4)

”

x
where TCacuswismsw total capacity of PCMSW and BMSW containers, yiear?;
TAVGcuswemsw total available volume of PCMSW and BMSW containers’ yiear?;
I rcmswiemsw identified density of PCMSW and BMSW, kgf.

UtilisatioapatitheofoP&MSW ,anld BMSW cont
TY"?' v ¥ o) 5
0w o T
7 Y6 & 5 P (5)

where UCcecmswismsw Utilisation of the total capacity of PCMSW and BMSW
containers, %;TCacuswiemsw total capacity of PCMSWand BMSW containers,

kg year:; Qecuswismsw total volume of PCMSW and BMSW, kgar™.

Th8TATI STpCAgwasn used to analyse the dat
characteristics of simple Ftgstsbnomegne
These statiwetriec ads ende tthdoedodeensdcer ni chee r ik dhtaw ¢ e/ re
mont hly vol ume of asnodr tietds waavsetrea gien nPoMI Wi | vy
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RESULTS AND DISCUSSION

The totals for PCMSW and BMSW production were shown on a monthly basis for
each year of the survey. These monthly production values were completed by adding in
values for the total available volume of PCMSW and BMSW containers 1Figsl 2
reflect the sam trend regarding how the total available volutagrespondsvith the
production of both kind of waste.

Researched collections between 20147 2016

= Amount in 2014 mmsm Amount in 2015 = Amount in 2016

——Volume in 2014 ——Volume in 2015 —— Volume in 2016
5,000,000.00 5,000,000.00
500,000.00 500,000.00
™
4 1S
X 50,000.00 50,000.00 -
5,000.00 | I I| ' I I| I| I I| 5,000.00
500.00 I 500.00
10 11 12
Months of year
Figure 1. BMSW production and total available volume of BMSW containers.
Researched collections between 20147 2016
mmm Amount in 2014 = Amount in 2015 msss Amount in 2016
——Volume in 2014 ——Volume in 2015 —— Volume in 2016
5,000,000.00 2,750,500
500,000.00 2,200,500
o 1,650,500 ME
=~ 50,000.00 S
1,100,500
5,000.00 550,500
500.00 500
10 11 12

Months in year

Figure 2. PCMSW production and total available volume of PCMSW coatain
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The percentages calculated for PCMSW and BMSW collections by methodology
for determining the total capacity utilisation of containers used are presented3n Fig.
For BMSW, the percentage of use is very low. This is caused biyeqgoent a waste
collection. From the perspective of PCMSW the percentages are slightly higher, but
overall these are also low. In the PCMSW containers, distributed packaging boxes often
appear, and they then fill a large proportion of the container.

Researched collections between 20141 2016

Year
2016

2015

2014

40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60%

Figure 3. Utilisation of the total capacity of BMSW and PCMSW containers.

The successful evaluation of PCMSW and BMSW collections by means of the
results of the composition analysis of RMSW is shown in£&ighis figureshows that,
in the area being researched, the paigge of BMSW in RMSW is increasing, and the
percentage of PCMSW in RMSW hagendency to declin@able4 shows the value
of individual calculations of descriptive statistics relating to the average checked values
of PCMSW and BMSW in RMSW

Research area between 20147 2016

] = Year 2014
susw [ m Year 2015
Year 2016

0 5 10 15

Content of PCMSW and BMSW in RMSW, %

Figure 4. Relative amount of PCMSW and BMSW in RMSW betw&8t4 2016.
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Tabd@verviewcnoifptdi ve statistics (PCMSW and BM

Year Dispersion, Standard Coefficient of * , Minimum  Maximum
) deviation, €) variation, ¢) % average, % average, 9

2014 9.71 3.12 55.94 1.98 3.59 7.55

2015 6.21 2.49 34.43 1.58 5.66 8.82

2016 6.21 2.49 34.43 1.58 5.66 8.82

* error for 95% base file of reliability.

The siteswvhich had a separate collection for BMS\Wécedfour types of BMSW
containersn thebuilt-up areaTheir usage is as follows:
!  containers measuring 0.6%, 0.44m?, and 1.1m3*7 BMSW from residences,
f  containers measuring 11 BMSW from public green areas.

The situationregarding separate collection of PCMV@gtaced only one type of
container with an available volume of Irtt alongside all collections points.

The yeatby-year development of the number of PCMSW and BMSW containers
and their collection inside tteurveyed ares presented in Tablg below.

The increasing numbers of
PCMSW  containers (and the Table5. Average number of collections and
associated increase of the number ofaverage number of collected containers
collections) influenced the total Month
amount of collected PCMSW between Year/ 0.66m3 0.77m* 1.1m®  14m
2014 and 2016 during kerbside Yolume
collections with effective separation PCMSW
procedures taking place. The 2014 i i 9/1,681

. 2015 - - 11/1,709
summarised values also show that 2016

. . . - 13/1,750 -
collections especially tend to increase gysyy
with a small number of collection 2g14 . 2/206 - .
containers. Thencreasing numbers of 2015 - 4/341 - .
collection containers and collections 2016 3/9 4/331  3/9 7/10

can be seen from the perspective of*average number of collections/average collec
BMSW collections with the same level containers per month (PCMSW and BN
of influence between 2012016. containers.
However, noreffective separation also
exists in the comparison of relative volumes of BMSW in RMSW. This is due to the fact
that the increasing number of collection containers is not gradual on the kerbside in
relation toapartment buildings or houses. A large increase is only seen in rdtation
largevolume containers which are collected from public green afidas.collection
company has deployed these containers primarily in marginal areas (which can be
| abel |l ed usgamgdeheé nmhithhachtewhan aesg Whire there is
nolargescale RMSW production.

Therefore only one more effective separation has been used for the next calculation
(which covers the average number of collections per month).
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The first of result of the analysis by STATISTICA 8 focuses on the simple
regres®n summary that is presented in Tabl& he determination coefficieREcan be
considered as a percentage of the total variability of the response variable, as explained
by the regression model. However, use of the adjusted determination coefifcisnt
recommended (Gmilaur, 2007).

Table 6. Results of regression for the average number of collections per month

Regression Summary for dependent varialdig: (waste composition)
R=0.67521326 R= 0.45591294 Adjusted?® 0.43991038
F(1.34)=28.790 p< 0.00001 Std.Error of estimate: 2.3979

Beta Std.Err. B Std.Err. t(14) p level
N =36 of Beta of B
Intercept, 23.10718 2.086260 11.07589 0.000000
% -0.675213 0.126501 -0.97875 0.183369 -5.33760 0.000006

Notes: TheR field contains the correlation coefficient, which is the positive square rootsufuRred.
TheR?field contains the determination coefficient, which measures the reduction in the total variation of
the dependent variable due to the independeriaibls; theadjusted Ris interpreted similarly to the
R?value except that the adjustedtBkes into consideration the number of degrees of freedom.

TheF value,df, and the resultant value are used as an overBlltest for the relationship betweeneth
dependent variable and the set out independent variablesstdihéard estimate error measures the
dispersion of the observed values about the regression line.

Theinterceptffield contains the intercept value if a choice was made to include the irtter¢bp model on
theodel Definition- Advanced .

Thedé St d . field comtair®the standard error for the intercept. Tinalue with the resulting p value are
used to test the hypothesis that the intercept is equal to zero.

Thebeta coefficientare the regression coefficients which would have been obtained had all of theesriabl
first been standardised toraeanof zero and atandard deviatiomf one.

The N is the total number of observations.

Fstatisticsd which result from the ana
carried out as an intermediate step of the selected regression function7(Table

Table 7. ANOVA results
Variance analysidV: % (waste composition)

N =36 Sums of Squares df Mean Squares F p level
Regress 163.8105 1 163.8105 28.49000 0.000006
Residual 195.4917 34 5.7498

Total 359.3022

Note: The N is the total number of observations.

The values for mean squares in Tablegere used for testing the significance of the
regression model, whereas the key value used was the ratio of the model mean square
and the residual mean square. In the case of the null hypothesis, the value abthis rat
should be relatively close to one (ie. the explained and unexplained variability should be
of a similar size). More precisely (for this particular model), it should originate from the
F disturbance with a parameter value of 1.34 (for the model beimggrgesl).
Nevertheless, the probability that the true value of this ratio, ie- gtatistic (with a
value of 28.4900), originates from thisdisturbance is less than 0.000001 or equal
to®, as confirmedpbgevehé v aHyueanbereebtedtwithe 6
this probability of a Type | error (at the concerned level of significance).
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We present below a graphical representation of the regression linB)(Fig.

20
19 ® o

£ 18
g s y = -0.9788x + 23.107
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Average number of collections per month (number)

Figure 5. Graphical representation of regression.

According to Fig4 but inmore detail, there is a decrease in the relative content of
PCWSW (20 01 01) in RMSW, from approximately 14.45% to 11.88% in the years
being monitored, 20142016. This corresponds to the opposite course of utilisation of
the total capacity of PCMSW ntainers. There utilisation rose to 54% from 51%.
However, the percentages calculated for paper are evaluated as being unsatisfactory.
This state is achieved by a lack of discipline during the disposal of waste by members of
the public. It is stated thahé paper volume after pressing is only 20% of the total
volume. In this example, it may be possible to achieve substantial savings in logistics
costs for these processes by consistent deformation. The role of the public is fundamental
in achieving this gdaln fact, the correct source separation of PCMSW is at the basis of
any successful collection scheme (Dhokhikah et al., 2015). For example, members of the
public can be interviewed to assess their willingness to pay as a function of the separate
collection services, in order to work out which sedemographic characteristics
influence the production of waste as well as the identification of proposals for the
promotion of recycling (Challcharoenwattana & Pharino, 2016; Giovanni et al., 2017).
On the othehand, there was no reflection of any separate BM®Wéction in RMSW
composition. The representation of BMSW in RMSW is still rising, from 5.%%
7.35% in the period being monitored. The utilisation of the total capacity rose too. Values
have increaseffom 26% to 32% but they are lower than those for paper. The BMSW
collection is carried out once a week. It is therefore possible to reduce the frequency of
collections without there being a risk of overfilling the containers or damaging the
efficiency ofseparation.

In view of a comparison between both of these areas, a collection through the use
indicator of waste generation per capita per year (Teixeira et al., 20d€ML et al.,
2014) also evidences a difference in the achieved value okd @& person year!
(PCMSW collection) and 8.8y per persohyear' (BMSW collection) in the last year
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of measuremerit 20161 from the perspective of production frapartment buildings
or houses.

An assessment of the mean valaemput data (regarding hlPCMSW collection)
further proves a statistically significant relation that tieéative volume of PCMSW in
RMSW depends upon thaverage number of collections per month by settings of
collection parameters, from the perspective of the overall sizeso$itki The positive
relationship was furthermorenrichedby regression analysis; however this does not
necessarily reflect a causal relation (in fact, only-n@mipulated areas were observed).
Therefore the relative volume of PCMSW in RMSWs influencel by nonmeasured
factors. Furthermore, as the distribution of regression residuals arounaxiseshows,
there exist some differences between the real (observed) and predicted (fitted by the
regression model) values of the variables in the regresgisatien. Theselifferences
could have been caused by increasing numbers of collections with a small number of
collected containers.

CONCLUSIONS

The principal objective of the present study was to conduct a comparison of
PCMSW and BMSW collections in one selected urban fioea the perspective of its
diversion from landfill(during the 20142016 period). The authors also studied the
influence ofthe average number of PCMSW collections per moittprresponds to
increasing PCMSW production in terms of tieéative volume of this form of waste in
RMSW for kerbside paper collections.

The study proves thahe average number of PCMSW collections peonth
influencestherelative amount of PCMSW in RMSVdnd mathematically defines this
dependenceivailable data for individual quarters of 202016 confirm the following
regression compensation straight linghef average monthly PCMSW productipand
therelative amount of PCMSW in RMSWI for kerbside paper collections
A: T=23.1070.9788.p.

The decrease of PCMSW in RMSW for-site paper collection indicates that the
directive on landfills can be followed with walhosen technological parametdan
regard to a separate BMSW collection. It confirmsgtadistically significant relation.
Improperly adjusted technological parameters foisiom BMSW collections indicate
that this site has total monitored results which are parallel to areas vathoséeparate
collection. It means then that the collection has only an increase in costs for BMSW
disposal without any of the concrete positive effects of a separate BMSW collection or
any equivalent benefit towards the environment.

Hence it is necessaty continually analyse the collection data, rigorously evaluate
and carry out immediate remedial measures, and optimise the technological parameters
at the given site with both separate forms of collection.
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Abstract. Currently it is highly important for detectors to be able to achieve efficiency, reliability,

and faultless operation, and to be ergonomic thanks to their assembly and beitogfiedsythe

case of a proposal for the placemendletectors it is naturally important to determine position of

the detector and the type of detector being used, but also to guarantee their capability to be able
to detect anything when in use and their user and installxterdliness. The problem of psige

infrared (PIR) detectors affects a large proportion of intrusion and-umldlarm systems
(I&HAS). In atime of increasing property crime, it is highly important for PIR detector to actually

be able to detect break attempts within the guarded area a reliable basis and free of error.

In the case of the installation of PIR detectors, it is naturally important not only to ensure correct
installation, to gauge the external influences which may impact upon the detector and to ensure
proper maintenamg but also to guarantee the capability of detection under more arduous
conditions. The tests and comparisons which have been conducted examine both the normal
operation of the PIR detectors and the ergonomics of these detectors. These tests are important
both from an informative perspective and due to the opportunities to be able to develop potential
countermeasures which could lead to their improvement.

Key words: security risks, ergonomic, intrusion and haolol alarm systems, passive infrared
detector.

INTRODUCTION

At a time of increasing property crime, it is very important for detectors to achieve
efficiency, reliability, faultlessness, and ergonomic ease of assembly and assembly.
Passive infrared detectors, known as PIR detectors, are the mosplynused space
protection elements in alarm systems for intrusion and retention. They can, however, be
used in many other applications than simply to provide space protection. PIR detectors
are, as the name suggests, passiveemaitting motion detectors:or proper operation,
these detectors are typically DC powered (using a low voltage). Movement is detected
by a pyro element which detects a change in temperature with a pyroelectric effect in the
background of the space that is under surveillance. lcebeof installing PIR detectors,
it is of course not only important to ensure proper installation, to measure external
influences on the detector and to ensure proper maintenance, but also to ensure their
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detection capability in more demanding conditi@@amming, 1994Capel, 1999; Hart
& Hartov§g, 2016) .

PIR detectors are highly prone to poor installation and, as a result, it is very
important to pay attention to these detectors. PIR detectors have in general the highest
number of false alarms from akktéctors. This high error rate is due mainly to incorrect
installation. This is why we've defined a problem which should serve to compare the
properties and parameters of the PIR detector with its suitability for installation (Staff &
Honey, 1999Powell &S hi m, 2012: MaChaubiSaletak 20)7al ., 201

MATERIALS AND METHODS

Measurements were made in order to determine the response of the PIR sensor
(Fig. 1) in various situations. The PIR sensor is a basic feature of the PIR detector. These
are sensors that are sensitive to infrared light irradiation. These are semiconductor
devices and are made of crystalline materials such as tantalum and lithium compounds.
They can respond to irradiation with infrared light. In the case of irradiation, anicelec
charge occurs on the crystals. It works as a gradient drive, ie. it only detects changes of
incident radiation on the sensor. In the case of usually more expensive and better quality
sensors, two and four pyroelements are used.

Since the pyroelectrisensor is sensitive

to the large wavelength range of ——

electromagnetic waves, a radiation filter is —i 51 Sensor
inserted in front of the sensor. The purpose of

the filter is to pass through only infrared I,_
radiation. The PIR sensor is a-called ———

pyroelectric phenomenon(the effect of ———

temperature on the crystalline lattice .

-> electrical potential, electrical charge IR Optics

difference -> triggering of an alarm)
(Petruzze”is, 1993; UpadraShta et al., 2015; Figure 1. Schematic showing the PIF
Drga et al., 2016; Hart et al., 2016; Luo et al., sensor function.
2016).

For testing and comparison, digital PIR detectors were selected (s@¢. Higese
were detectors from Bosch, PARADOX, Satel, and Pyrdtikvision. PET Immunity
detectors with the largest representation in@ech Republic were selected. These
detectors have met Security Level 2 standards (adewedium risk). From each type
of detector, five samples were tested and average values of all of the measured results
were reported.

—— A

—
Figure 2. PIR detectorgfrom the left ISC-BPR2WP12; NV5; AQUA PET; KX10DP).
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The following tests were carried out:
1 Slow test passage
o Walking speed 1.5km an hout (simulating offender movement)
o Distance from detectar7 m.
1 Range test (max)
o Walking speed 5km an hout (standard motion simulation)
o0 Testing started at the maximum distance indicated by the manufacturer
o0 The measurement is repeated cyclically ten times in succession
0 After a successful measurement, the distance of the drive was extended by half
a metre
o The alarmshould have been triggered at least nine times out of ten attempts. If
this did not happen then the test was unsuccessful and the test distance was
defined as being the maximum distance.
9  Detection angle test (max)
o Walking speed 5km an hout (standard mtion simulation)
o Distance from detectdr7 m
o PIR sensors were monitored during the passage
o0 The measurement is repeated cyclically ten times in succession
o During these cycl es, the subjectds p
monitored
o Areliablepulse was defined and these pulses had to occur so that at least eight
out of ten cycles were triggered, otherwise the angle is defined as being the
maximum permitted.
1  Sampling Test (max)
o During the activation of the detector (placing it in its alarme3tds current
consumption was measured against the data provided by the manufacturer.

In addition, thirteen independent firms were approached. These companies had all
of the selected detectors in their installation portfolio. All of these companiabsdilie
a questionnaire, describing which of these detectors best suited their needs. They were
to assign three points to the best of the detectors, two to their second choice, one to their
third choice, and zero to the worst detector in their view.

The seletion of the most appropriate (compromise) variant was carried out using
a multi-criteria analysis. The difference in the price of the PIR detectors being compared
is insignificant and therefore has not been counted. The difference between the cheapest
andmost expensive PIR detectorsisonly?2 whi ch i s not partic
investing in the security feature. For this reason, in the case of these particular detectors,
their technical parameters are preferred over their cost. Tadilews the vake of the
judged criteria for individual PIR detectors (Hart et al., 2016).
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Table 1. An average expression of detected PIR detector parameters
Slow passage Range Detection Current

. . Installation

Type triggered (max) angle consumption . X
? friendliness

alarms [m] [ A] [mA]
Bosch 48 135 98.0 10.5 21
ISC-BPR2WP12
Paradox NV5 46 135 92.0 11.2 17
Satel AQUA PET 50 16.0 90.5 10.5 16
Pyronix-Hikvision 39 11.0 88.5 12.9 24
KX10DP

The priority of each parameter was expressed by means of weights. Weights were
determined according to Talf?e The points assigned to the parameters of each PIR
detector, the weights, the overall rating, and the PIR detector variant that was selected
as the most appropriate are listed in Tab{elart et al., 2016).

Table 2. Determination of weights for PIR detectors

Parameters Scoring Scales
Slow passag#riggered alarms 6 0.167
Range (max) 10 0.278
Detection angle 9 0.250
Current consumption 4 0.111
Installation friendliness 7 0.194
Total 36 1

Table 3. A selection otthe most suitable PIR detector by mudltiteria analysis

Slow passage Range Detection  Current Installation
Type triggered (max) angle consumption friendliness Points
alarms [m] [ A] [mA]
Bosch 6 8 10 9 8 8.277
Paradox 7 8 9 8 5 7.501
Satel 5 10 8 10 4 7.501
Pyronix 10 7 7 7 10 8.083
Scales 0.167 0.278 0.250 0.111 0.194

RESULTS AND DISCUSSION

Of all four PIR detectors being compared, the BoschBE&2WP12 detector
was selected as the best option, with a total score of 8.277 pointsndéns that the
required criteria satisfied approximately 83% of the total possible score. The Pyronix
Hikvision KX10DP detector was placed in second position with 8.083 points (81%), and
the Paradox NV5 and Satel AQUA PET detectors were placed in lagbppoisoth with
7.501 points (75%). The final order is shown in Big.
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Figure 4. Overall standings for PIR detectors.

Until all of the systems have been tested, it is possible only to ask how many
detectors and systems are at all secure. A fughestion is whether any system exists
which could provide reliable protection for a reasonable price.

Although manufacturers are constantly attempting to develop systems, the majority
copy old errors in the technical design into new products of a highes, @ven despite
the endeavours of customers to ensure manufacture is modified. Without innovative
approaches and user feedback, this array will career into a blind alley (Upadrashta et al.,
2015; Hart & Hartovsg, 20186Chouisagkal.,@®)7 al . ,

This testing is also appropriate because PIR sensors are beginning to be used to
monitor the movement of persons in the smarthome, as reported by authors in these
arti cl es -CambefarCon@plerhenttoa PIR Sensor Array foukion Detection

and Classification in an Outdoor Enviro
AnaloguePIR-sensoib a s e d Activity Recognition Sy
(Kashimoto et al ., 2017) ; 6Heal th Checki

andPR Sensor sdé ( Miyaz a kamaehine GoinmunpicazeBakedl) ; 6 N
Smart Home Security System by NFC, Fingerprint, and PIR Sensor with Mobile Android
Applicationé (Morsalin et al ., 2016) ; ar
Ceiling Mounted® | R Sensorsdé6 .(Luo et al ., 2016)

CONCLUSIONS

The technical design of security systems is unique for the majority of
manufacturers. In the case of every manufacturer it is possible to find some degree of
poor technical design which requires modificatidimis deficiency can be resolved
through the technical development of the given product and adaptation to customer
requirements.
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The practical tests which have been conducted on PIR detectors delivered a level
of insight into their functionality and usaibyl in practice. Using multcriteria analysis
of variants, an optimal PIR detector was selected. In the research, the measured values
of the PIR detector and installation convenience were compared. The PIR detector, ISC
BPR2WP12 from the manufacturer Biys has emerged as being the best choice out of
the comparison detectors.

The other detectors did not fare much worse than theBBR2WP12. The
secondplaced one was the Pyrorikkvision KX10DP detector. In joint third position,
the Paradox NV5 and SaeQUA PET ended up with the same number of points. The
difference between worst placed and best placed detector was only 10%.

ACKNOWLEDGEMENTS. This is a project which is
Uni versity Internal Ge rskstassotigtednaithytide tréndmiseianlofy s i s
|l arge data and data from sensor networks thrc

REFERENCES

Capel,V. 1999. Security Systems & Intruder Alarmg&lsevier Science, 30dp. ISBN-13:
9780750642361.

Choubisal., Mohanty,S.B., KashyapM., Ganlbhir,S., Chaitanyak.K., SridharA. &
Kumar,P.V. 2017. An OpticaCamera Complement to a PIR Sensor Array for Intrusion
Detection and Classification in an Outdoor Environment2017 IEEE 42nd Conference
on Local Computer Networks Workshops (LCN WORKSHQ#®S 44 52.

Cumming,N. 1994. SecurityA. Guide to Security System Design and Equipment Selection and
Installation.Elsevier Science, 338 pp. ISBN8: 9780750642361.

Drga,R., Janacoved). & CharvatovaH. 2016. Simulation of the PIR detector active function.
In: 20th International Conference On Circuits, Systems, CommunicasiothsComputers
(CSCC 2016)vol. 76, UNSP 04036.

Hart,J . & H\a 20160Risgs,of vibration detectors in intrusion and haidalarm systems.
In: 15th International scientific conference on engineering for rural developmpprg29
535.

Hart,J . , H¥. & BradnegJ, 2016. Intrusion and holap alarm systems and their reliability
glass break detection. IrProceeding of th International Conference on Trends in
Agricultural Engineering 201,60p. 171174.

Kashimoto,Y., Fujiwara,M., Fujimoto,M., SuwaH., Arakawa)Y. & Yasumoto,K. 2017.
ALPAS: AnalogPIR-sensotbased Activity Recognition System in Smarthome.2017
IEEE 31st International Conferenceon Advanced Information Networkingnd
Applications (AINA)pp. 880885.

Luo, X.M., Liu, T., ShenB.H., Hong,J.M., ChenQ.Q. & ChenH. 2016. Human Daily Activity
Recognition Using Ceiling Mounted PIR SensorsPimceedngs Of The 2nd International
Conferenceon Advances In Mechanical Engineeriagd Industrial Informatics (AMEII
2016) vol. 73, pp. 872877.

Ma | a t.pBaakina)., HrabeP. & KuceraM. 2016. Energy Utiliztion of ByProducts from
Mechanical Recycling Process of Electronic Waste 6th: International Conference on
Trends in Agriculturgl CULS, Prague, pp. 38390.

Miyazaki, T., Shinoharak., Horiuchi,T., Ohira,Y., YamamotoH. & Nishi, M. 2016. Health
Checking System Using Wearable Health Devise and PIR SensorSehsorsand
Electronic Instrumentation Advances (SEIpp. 85 86.

1015



Morsalin,S., IslamA.M.J., RahatG.R., PidimS.R.H.,RahmanA. & Siddige,M.A.B. 2016.
Machineto-machine Communication Based Smart Home Security System by NFC,
Fingerprint, and PIR Sensor with Mobile Android Application.2616 3rd International
Conference on Electrical Engineering and Information & @mmication Technology
(ICEEICT), art. num.7873048.

PetruzzellisT. 1993. Alarm Sensor and Security. McGraiill Professional Publishing, 256p.
ISBN-13: 9780830643141.

Powell,S. & Shim,J.P. 2012Wireless Technology: Applications, Management, and rigcu
SpringerVerlag New York, LLC, 276 pp. ISBN3: 9781461429364.

Staff, H.& Honey,G. 1999 Electronic Security Systems Pocket Bdelkevier Science, 226 pp.
ISBN-13: 9780750639910.

UpadrashtaRR., ChoubisaT., Aswath,V.S., PraneethA., PrabhuA., RamangS., GraciousT .,
Kumar,P.V., Kowshik,S., lyer,M.S. & PrabhakarT.V. 2015. An AnimatiorandChirplet
Based Approach to Intruder Classification using PIR Sensing2045 IEEE Tenth
International Conference on Intelligent Sensors, Sensor Niswand Information
Processing (ISSNMPart. num.7106914.

1016



Agronomy Researcht(S1), 1017 1024 2018
https://doi.org/10.15159/AR.18.019

Testing of ISM band at remotes for unlocking vehicles
J.Hart"andV.Har fov §

!Czech University of Life Sciences Prague, Faculty of Engineering, Department of

Technol ogical Equi pment of Buildings, Kan
2Czech University of Life Sciences Prague, Faculty of Engineering, Depetrtaf
Vehicles and Ground Transport, Kaml ck§8 1.

“Correspondencganhart77@gmail.com

Abstract. Every modern car has a remote control for wireless unlocking. Wireless drivers for
unlocking the vehicle using frequency in the ISM bands. ISM bands are unlicensed bands. They
are usually used for industrial, medical and scientific purposes. The question is whether wireless
transmission parameters are sufficient and do not violateedkefenge of ISM band. Another
important aspect is the security of the wireless transmissions and any other signal interference.
The problem of interference plays an important role in ensuring the quality and safety of wireless
communications, especially wh wireless networks can be found everywhere. The issues of
remote control vehicles is very important due to the resulting security of a guarded vehicle. One
of the major risks that may occur are data transmission that the signal is blocked by anather sign
and the end user does not notice. In this case, does not lock the vehicle nor ensuring its securing
security system. Tests which were performed accurately determined the bandwidth of broadcast
remote control for each vehicle. Vehicles for which thestegtre conducted are standard vehicles

used to frequent occurrence. These are the following types: Alfa Romeo, Hyundai, Mercedes,
Gkoda and Toyota. Subsequent!l vy, the anal ysi s
standard broadcast of jammers. Atterivers worked in the band ISM433. These tests clearly
demonstrated that not every manufacturer strictly observes ranges of ISM band. This may affect
traffic on surrounding licensed bands.

Key words: Remotes, vehicle, wireless transmission, interfexgeneeasuring.
INTRODUCTION

Currently, the issue of electromagnetic interference is growing steadily and much
attention is focused on it from both scientists and the general public. Electromagnetic
interference is increasing almost every day, disdeminators include seemingly rHsk
free parts of everyday life such as home appliances, machinery and devices, urban
environments and higholtage lines that supply electricity in both areas near and far
away (hereinafter common electromagnetic interfegeg. It has been shown that it also
arises, for example, in the thermal treatment of materials. It is not possible to state that
this is directly a natural disaster, but it does have a major impact on both the environment,
and the functionality of variousommunication technologiedMpitziopoulos et al.,

2007 ; Commander et al ., 200 8; Al t man et a
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Electromagnetic interference is also increased with the boom in wireless
technologies, which has led to a large increase ingbeofiwireless devices. Through
their broadcasts, these devices gradually overload individual frequencies, which leads
not only to transmission errors, but sometimes also to their disabling. Electromagnetic
interference overloading of 438Hz and 868VIHz frequencies, through which the
wireless component of wireless transmissions with remotes for unlocking vehicles
communicates, strongly affects their reliability, usability (Commander et al., 2008; Tahir
& Shah, 2008; Pel echr i n20ig). et al ., 20009; |

Although common electromagnetic interference for wireless transmission with
remotes for unlocking vehicles is very risky, it is not the greatest risk. The greatest risks
are becoming lowirequency jammers that are able to jam ongoing communication
between a remotes and vehicles, thus disabling the alarm (Staff & Honey, 1999;
Mpitziopouloset al., 2007Siddhabathule t al ., 2012; Hartov§ &

Many research has shown that not every transmitter meets the ISM band. These
bands are free of @nge and are specified by the telecommunication authorities. It was
therefore a question of whether wireless communications with remotes for unlocking
vehicles meet the necessary requirements of telecommunication authorities. If these
requirements were nanet, it would have had a major impact on the production
engineering of these remotes (Hart & Har

MATERIALS AND METHODS

Tests which were performed accurately determinecbtiredwidthof broadcast
remote control for eackehicle. Vehicles for which the tests were conducted are standard
vehicles used to frequent occurrence. These are the following types: Alfa Romeo,
Hyundai, Mercedes, Gkoda and Toyot a.

SPECTRAN HF6060 spectrum analyser (Fit). was used, which investigattdue
strength of thdoroadcasting remotes for unlocking vehicegrequencies of 438IHz
(ISM 433).ISM 433 is only standard for ITW (EMEA), not for Asia and therefore the
cars distributed in ITUL area were selected. The manufacturer must adheee to th
wireless transmission standards of countries where he distributes his products.

Figure 1. Spectrum analyser SPECTRAN H®B60 with an antenna.
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The ISM (industrial, scientific and medical) bands that were measure are bands for
radio broadcasts, whidre used, for example, industry, and for health and scientific
purposes. They are of course also used in the commercial sector, where we most often
encounter them with RC models and intruder and -hpldilarm systems. They are
unlicensed (free) bandshich means that they are allowed to operate without license
fees if they use homologated (approved) devices. Although a commercial company may
save money by using them, but their one big disadvantage is that these frequencies do
not guarantee against interence (Cumming, 1994; Capel, 1999; Powell & Shim,
2012).

Within the measurement the following values were set on the SPECTRAN
HF-6060 spectrum analyser:

1  Sampletime T 50ms
1  Samples i 500
i Bandwidth T 1 MHz

For each car, two identical controls weretédsin five cycles. For all charts, top
line shows wireless transmission and lower default values for natural interfdretinze.
following figures (Fig2i5) are an evident intensity of the wireless transmission
vehicles: Hyundai i30, Merced@&enz CLK,Alfa Romeo 159 and Toyota Verso in the
scope of ISM 433.
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Figure 2. Transmission characteristics of Hyundai i30.
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Figure 3. Transmission characteristics of Mercedes Benz CLK.
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In the last figure (Figl0) is an evident intensity of the wireless transmission of
vehicleToyota Aurisin the scope of ISM 433.
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Figure 10. Transmission characteristics of Toyota Auris.
RESULTS AND DISCUSSION

From the measured results of wireléssmissions using the remote control to
unlock the vehicle based on best provided wireless transmissions shown in Figs 2, 5 and
10 respectively.

They have the power in their broadcasts and do not depart from prescribed ISM
band. At the same time wireletsansmissions in the results in Fif) and implemented
in parallel in two bands, thereby reducing the likelihood jamming. Wireless
transmissions in Figs 3 and 4 while also do not interfere outside ISM bands, but their
broadcasts is weaker over the predicvariants. It may give rise to a situation that, due
to natural electromagnetic interference is not successfalhsmitted.The remaining
transmissions, shown in Figg% although they have great power, but failed to comply
with specified range aransmission for the ISM band, so should officially not used at
all. A comparison of different wireless transmissions can be seen idFigased on
the above parameters. This figure shows the percentage of transmission quality for each
measured vehicle.
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Figure 11.Evaluation of individual criteria through a multffiteria scoring options.
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Since the first public demonstration of radio and radio communication in 1893 by
Nikola Tesla, people have been trying to find a way to communicate with each other
without such communication being interfered with. One of the biggest booms in this

research began during the Vietnam War, a
Progress of Tactical Radios from Legacy
2013).Many years of research have passed since this historic turning point, but this also

includes jamming devices as described i
Jamming Against Radi€@ontr ol l ed | mprovised Explosiyv
2012), whee the author focused mainly on protective jammers used to protect against

O0raadomtroll ed improvised explosive devi ce

According to recent research and gradual overloading of ISM bands, it is necessary
to further develop the possibilities ohlicensed bands, as described in the article
6Complex radio frequency (RF) communi cat
2008), which describes the use of virtual pulses for communication. It also includes
protection against interference. It is alsvisable to constantly explore other options,
thanks to which new wireless sensor networks could develop, as described by the authors
in the article OUWB wir dalAespr ascetniscoarl neex
(Opperman et al., 2004), where they favour tise of Impulseadio-based UWB
technology for WSN development.

CONCLUSIONS

Wireless transmissions with remotes for unlocing vehicles are very susceptible to
interference both interference caused by the environment, and interference caused by
a targetegammer.

The measured values clearly show that not every wireless transmissions with
remotes for unlocing vehicles has effective intensity against band interference. In order
to ensure the vehicle system, guarded vahicle and property, it is importahetbahd
interference control is flawless.

It is important to have an overview of the reliability and functionality of each
wireless transmissions. When using wireless transmissions, it is also important for
remotes to have bidirectional communication,avhi i ncr eases t he sys
detect band interference, and also allows the transmission to be switched to a free zone.
The only problem would then be if the perpetrator used a smart jammer with detection
of used frequencies.

VehiclesGk o d a FGkid cha | O,Gtk @ iaa SaniGekrod al 10ct avi :
RS detected overlapping outside ISM bands. It is therefore recommended that the
wireless technology of these vehicles be changed. It is recommended that this change be
made due to a weak signal evier vehiclesMercedes Benz CLIkndAlfa Romeo 159
even though their transmission is within the ISM bandwidth.

All of the measured data are also important for manufacturers of vehicle systems
as feedback on their products. In the future, there will fuetefto expand similar tests
to other IRHAS manufacturers, as the reliability of these systems is very important, and
it will be necessary to check them after deficiencies in the tested systems are ascertained.
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Abstract. At present, there is dancreasing need to protect workplace entry and specially guarded
premises. In addition to standard access systems on a chip cards are getting to the fore of biometric
identification systems such as readers for fingerprint, biometric scans faces anBabheetric

readers face still improve, but still have a lot of blind spots, thanks to which their reliability and
userfriendliness decreases. One such problem is the light intensity in the room where the reading
device is located. The varying intensitytbé light in the room causes a different illumination of

the person's face. It emphasizes or suppresses the main points of the face that needed for user
authorization, and the whole identification process is prolonged and difficult. The reliability value

is significantly different from the value given by the manufacturers. It is very important to
highlight on this problem and begin to address it by altering the current production engineering

Key words: light intensity, measuring, False Acceptance Ralentification, facial features
INTRODUCTION

In today's world, an increasing emphasis is placed on securing objects. Quality
security is not only about detectors for perimeter and indoor protection, but it is also very
important to take care of theecurity of access systems. At first it used a very simple
devices that operate on the principle of a password or pin, then began to use access cards
and in recent years the industry has developed so much that for access to protected
objects using biometiidentification systems. Such systems are m@agzaret &
Muhammad, 2013).

Most commonly used are systems that use fingerprints to identify people. These
systems are quite good enough, but there is still a high chance of their sabotage. In second
place are identifying systems based on the geometry of the face. Such systems are
financially acceptable, but their reliability is quite a probleBi.Nartino et al, 2016)

The first problem is that imitating one's appearance is not difficult, and anothezmrobl

is that the identification depends on the environment in which the reader works.
Although the manufacturer makes recommendations, where he writes about the lighting
conditions, the spatial location of the reader, temperature and humidity conditions, etc
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but the device is usually installed already in the original space and therefore it is not
always possible to fulfill all the recommendations of the equipment manufacturer.

This paper focuses on the issue of the illumination intensity of the room ih whic
the reader is located. It has been found that too high or low light intensity increases the
wrong user denial and possible confusion of these users. Appropriate system innovation
was needed to increase reliability to an acceptable |Boeidt al.,201CE  V ietnah, y
20195. By testing, this problem was largely suppressed by adding an additional ice strip
to individual biometric identification devices. It is very important to emphasize this
problem and begin to address it by changing the current mamtf@otngineering. The
development of innovation in this area is of great importance. The emphasis is on the
implementation of measures that will improve their ability to identify flawless
(Ashbourn, 2000; Zhang, 2000gin & Fenget al., 209).

To determine the reliability values of biometric identification systems, the formula
for False Acceptance Rate (FAR) and False Rejection Rate (FRR) was used.

MATERIALS AND METHODS

The measurements build upon the previous research which was ocairigith 80
participants using the readers MultiBio 700 and iFace 302.

A cohort of 30 participants was chosen for measurements which were repeated
20times. Regarding the face scan it was necessary to observe laboratory conditions, in
particular lighting (be lighting required by the manufacturer is in the rangé 890lux)
for the first measurement, which served as a model standafdrther 20 repeat
measurementsvere performed with the original participants, the room lighting was
provided by a dimmingeflector.The tests were performed on ABTO 0, AccuFACE
EFRT1, MultiBio 700 and iFace 302 readers, represented inlFayed 2.The light
dimmable reflector has been attached to a classical illumination. Testing ranged from O
Lux values of light intengy up to 1,700ux value.

Figure LAFT-500 and Acc4E Figure 2. MultiBio 700 and iFace 302

The measurement was primarily focused on false user acceptance. False acceptance
of a user means that an unauthorized person is admitted to a particular premises. The
admittance of an unauthorized person can happevo ways, namely through a reading
device error, when a person in question has no intention of criminal activity, while the
other way consists in intentionally causing the door to open with certain intents in mind
(trespassing, theft and other offenséke offender has more than one possibility of
outsmarting the biometric identification system. One of them is to cause a shortcircuit
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of the reading device without subsequent alarm activation (most of the identification
systems are connected to the switwdnll of Intrusion and Holdp Alarm Systems.)
Another way is to adjust your visage in a way that is as close as possible to one of the
eligible users (Rak, et al., 2012; Jazzar & Muhammad, 2013).

00 'Y — O () @)

FART False Acceptanc®ate; NaT Number of False Rejection; Ni Number of
attempts by unauthorized persons to identify.

In addition, testing was aimed at a false denial of the user, and in the case of these
readers a threshold for user denial was set for 2 seconds-iBaatifying readers can
not reject the user, only the user can accept, so it is necessary to set a limit. This limit is
the value the manufacturer gives as the value at which the identification is to take place.

0YY —p mm 2

FRRi False Rejection Rate; NFRNumber of false rejection; NEIA Number of
Enrolle Identification Attemps.

A measurement panel was set up and all the measured readers were attached to
it T see Fig3. First it was necessary to download individual usersach biometric
system. All the tested readers have the same software and downloading was carried out
in the same manner. First, each user was assigned his/her ID (identification number),
next their fingerprints were taken (scanning the same finger Stiamel after that a 3D
face model example was downloaded. The readers' voice application gave the users
instructions on how to turn their headsbateet al., 2005, Stroica & Vladescu, 2012).

Figure 3. Measuring panel

The readers are equipped with ta@meras scanning the user's face at a specific
angle. If the cameras get the required values, they will create a picture and store it.
Already during the scanning of the model/template it is necessary for the scans to reach
minimally 95% correspondence twithe first scan. This means a match at the points
which developers determined to be the points of reference (tip of the nose, nose width,
distance between eyes, facial bones, mouth shape, chin and more). It was the matching
of the individual snaps whicWere scanned in gradual steps, which extended the time
needed for creating of example models.
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When testing the readers, a series of measurements was performed at each light
intensity. The individual luminous intensities werdu®, 45lux, 160lux, 400lux,
725lux, 1,150lux and 1,70Qux.

After that LED lighting was attached to the measurement board, made up of six
rows of LED tape which contained 270 LEDs.

These additional LEDs have been used to increase the reliability of biometric
identification systems. Again, a set of tests was performed on the same counts as the
previous measurements, except that the reader had an additional white LED light.

RESULTS AND DISCUSSION

First, measurements were made of the number of received users by eachdiometri
systems. A total of 600 measurements were made for each light intensity and for each
biometric identification system. Seven different luminous intensities were determined.
These intensities were set from 0 lux to 1,700 lux. These values correspondaioidise
measured in individual rooms in different businesses that did not want to be published
for security reasons. The graphs in Fg® 7 show the measured values, where at each
luminous intensity there are 4 levels of acceptance / rejection of éheAcsording to
the legend of the chart, it is obvious that it is a borderline and so identification within
3 seconds, within 5 seconds, within 10 seconds and over 10 seconds. 10 seconds have
been set limit for user identification. Anything over 10 sesomals already been taken
as a wrong user denial. The first two readers AccuFace and AFT 500 are modern
biometric identification systems that are in the middle price range. According to
distributors and manufacturers are statistically one of the mostrugegadpe. The first
two levels of the chart are decisive for the system owner. Both the AccuFace reader and
the AFT reader make it clear that they are encircling the gaus curve. Highest reliability
have systems from 1,1%@x up to 160ux. If the intensiy is too high or too low, there
is a significant decrease in reliability. At values of @4ux, it is clear that the integrated
illumination with red LEDs is inadequate.
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The IFace 302 and Multibio 700 readers have charts with the same waveform, with
worse measured values. These readers are most commonly used in thR&frdiit.
It belongs to a lower price category and is gradually changing for newer technologies.
The graphs show that the technology of biometric face readers is still evolving and
improving.

The second step was measured incorrect user acceptance.diagvs that the
highest error rate was achieved at luminous intensities of lyt%®d above and 46x
and below. The optimum luminous intensity was #O0Ofor all readers.

FAR (%) 1

Multibio700
7 iFace302
AFT-500
AccuFace

1,150
725 400

Types of readers

160

45

Light intensity (lux)

W AccuFace BAFT-500 M iFace302 Multibio700

Figure 8. False Acceptance Rate

As a countermeasure to increaséability, another series of measurements was
made, but this time with an additional panel LED white light. In all cases, the values
have improved almost by half. And so the reliability reached an acceptable level. The
guestion of the intensity of theam has not yet been dealt with by anyone else.

The authors Bourlall. and Hornakl.A. in their article Face recognition outside
the visible spectrum, highlight the issue of exposure, examining the reliability of systems
in low light conditions or at nigh Where they point to the different wavelengths and
functionality of the systems in the balance sheets.

CONCLUSIONS

Measurement has shown that the intensity of light in the room in which biometric
identification systems are located is very importan figgh and low light intensity
values reduce the reliability of these systems. Manufacturers declare that the reliability
values should be up to 1%, but the graphs could even see values around 30%, which is
very unacceptable to the user. It was importamhake countermeasures to increase the
value of reliability for individual readers to a usgendly value. This was aided by an
additional white LED LED strip. Erroneous acceptance and false rejection values
improved by an average of half by adding tkdslitional device. This development area
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needs to be further deepened and addressing new innovations in these systems. Accesses
to protected objects should not be underestimated.
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Abstract. The quéity of ignition and combustion of four marine and power plant fuels were
studied in a Combustion Research Unit, CRU. The fuels wersldphur Light Fuel Oil (LFO,
baseline), Marine Gas Oil (MGO), kerosene and renewable-lvased naphtha. To meet climat

change requirements and sustainability goals, combustion systems needs to be able to operate
with a variety -zebcarcbhewdbfl eeland Dwmetto the va
physical properties of the fuels, they generally cannot sitplgiropped into existing systems.

The aim of this research project was to understand how changes in fuel composition affect engine
operation. The focus was on how various properties of the fuels impact on the combustion process
T especially ignition delapnd incylinder combustion. The goal of the research project was to
allow broad fuel flexibility without any or only minor changes to engine hardvetare the

engine tests, the CRU forms an easy andeffsttive device to find out the engine suitékpiof

the fuel The results showed that the ignition delay decreased expectedly with all fuels when the
in-cylinder pressure and temperature increased. The differences in the maximum heat release
rates between fuels decreased in kgbssure conditiond1GO had the shortest ignition delay

under both pressure and temperature conditions. Based on the CRU results MGO and kerosene
are suitable to use in compressignited engines like the reference fuel LFO. In contrast
renewable naphtha had a long ignitibelay. If naphtha is used in a Cl engine, the engine must

be started and stopped with, e.g. LFO or MGO.

Key words: Diesel engines, alternative fuels, ignition delay, heat release rate.
INTRODUCTION

In compression ignition (Cl) engines the combusgarcess starts when liquid fuel
is injected as one or more jets into the cylinder fulfilled with hot4pigissured air near
the top dead centre (TDC) position of the piston. The ignition delay (ID) is a period when
injected fuel entrains to cylinder, atmas and mixes with existing air. Chemical
reactions start slowly and ignition occurs after the ID. Good atomization provides rapid
air-fuel mixing decreasing the ID. The ignition of-&irel mixture prepared during the
ID causes a rapid pressure rise timtcalled as rapid uncontrolled or premixed
combustion. Controlled combustion follows and is the part where preparation of fresh
air-fuel mixture determines the rate of combustion. Combustion continues until all the
fuel or air is utilized. This last phass called as final combustion.
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Due to variations in the chemical and physical properties of the fuels, they generally
can not simply be dropped into existing systems. The aim of this research project was to
understand how changes in fuel compositioncaéagine operation. The fuel properties
have a significant effect on the ignition and combustion as well as pressure, temperature
and mechanical issues (e.g. nozzles and their hole diameters). The viscosity, density,
heating value and cetane number haweagor effect on good atomization and ignition
delay especially under low pressure conditions (Heywood, 1988; Bae & Kim, 2016).
Too rapid a chamber pressure increase may cause engine damage and also ingrease NO
emissions (Steenberg & Forget, 2007). Bu¢ht{@a013) and Chang et al. (2013) even
states that current diesel fuel ignites too easily causing poor mixing with oxygen, which
leads to increasing levels of soot and NOx emissions. As a solution they suggest that one
way to cut down number of aftertreatmnt devices and high injection pressure, is to use
less processed fuel.

Currently most of the energy sources rely on fossil fuels which have limited
resources. That is why alternative energies are necessary. Based on Bae & Kim (2016)
significance of usinglternative fuels can be defined as followes:

0(1) pursuing energy sustainability thi
fuels derived from renewable energy sources and mitigating the concerns of limited
fossil fuel energy

(2) improving engine effiency and engineut emissions with the aid of superior
physical or chemical properties of alternative fuels compared to those of conventional
fuels

(3) relieving the unbalanced usage of conventional petroleutams e d f os s i |

In this study, the igtion characteristics of four marine and power plant fuels were
studied in a Combustion Research Unit, CRU. The fuels werssidphur Light Fuel
QOil (LFO, baseline), Marine Gas Oil (MGO), kerosene and renewable -hased
naphtha. MGO represents recycleels cause it iproduced from used lubricant oils.

LFO and kerosene may be called as heavier fuels and naphtha represents lighter
fractions, which is generally the product of the initial distillation of crude oil. In this
study, used naphtha was renewaft®dbased naphtha.

Studies (Chang et al., 2013; Wang et al., 2013; Bae & Kim, 2016) have shown that
crude oitbased naphtha, run in compression ignition engines, had a high efficiency with
good transient operation and acceptable noise levels, whilevexghidOx emissions
below the EUROG levels, lower particulate matter (PM) emissions and lower smoke
levels than with diesel fuel. However, the low CN and viscosity of naphtha may cause
increased NOx emissions due to the retarded start of combustion ampblgnition
delay (Subramanian et al., 2018).

Kerosene is primarily used in the aviator sector particularly in gas turbine engines.
Behind the kerosene usage in diesel engines is North Atlantic Treaty Organization
(NATO) mil it ar y 0-8fuelfor alleheidautongpbilés @and equipmedtsHy
based on their Single Fuel Concept (SFC), due to logistical benefits. Another reason to
study kerosene in diesel engine is adulteration of diesel by mixing it with kerosene,
which is big problem in some padgworld. JRP8 has very similar chemical composition
compared to the present-Fefuel despite some additives (Yadav et al., 2005; Lee et al.,
2012). Based on the research of Vasu et al. (20073, ad JeA have very similar
ignition delay times. Alough, low lubrication may cause problems in the fuel pump
system (Anastopoulos et al., 2002; Bae & Kim, 2016).
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MGO is commonly known as shipping fuel. The ship owners have been driven to
examine how to comply the forthcoming sulphur emission regulatibit3, 2008), and
MGO is promising alternative besides sulphur scrubbers and alternative fuels. MGO is
required in a vessel by existing and upcoming regulations depending on time and
location. For example a vessel uses MGO when it is inside Emission Gechttolta
(ECA) or within EU ports. Outside the ECA, HFO is used. However, by 2020 low
sulphur heavy fuel oil (LSFO) is required outside of the ECA (Germanischer Lloyd and
MAN, 2012). Jiang et al. (2014) calculated that it is more beneficial to use MGO in a
old ships compared to use scrubber retrofits.

However, MGO has a higher viscosity and density compared to diesel fuel which
may lead to poor atomization resulting in incomplete combustion with higher soot
emissions{abi et al., 2012). However, the studd&O had a significantly higher CN
(68), compared to other studied fuels, which may count as a compensatory property to
higher viscosity and density. In literature (i.e. Karavalakis et al., 2008; Nabi et al., 2012;
Ushakov et al., 2013) the CN of MGO isger al | 'y around 47155,

Due to the variations in the chemical and physical properties of the fuels, they
generally cannot simply be dropped into existing systdPneper fuel analysis is
necessary before engine use to observe suitability of the fuel. Efiserédxibility of
IC engine is needed to manage with fuel availability and fuel price fluctuation, and to
meet emission regulations set for industrial engines anelssd. The goal of the
research project was to allow broad fuel flexibility withouy @n only minor changes
to engine hardware. Before the engine tests, the CRU forms an easy agfflectise
device to find out engine suitability of the fuel.

MATERIALS AND METHODS

Fuels

The studied fuels were selected to enlarge the choice dlfeahatives of marine
engines. The fuels were Light Fuel Oil (LFO), Jetl Atype aviation fuel (100%
kerosene), Marine Gas Oil (MGO) produced from used lubricant oils and-lvasmzti
naphtha that was a sigeoduct of wooebased biodiesel production. Chieslly, all the
fuels contained several hydrocarbon compounds; that is why no simple chemical
formulas could not be given.

The research started by analysing the basic fuel properties ([Mjablee kinematic
viscosity has an important role in fuel injectiand droplet formation. Too high or too
low viscosity causes poor fuel injection and increases fuel consumption. Too high
viscosity leads to poor atomization resulting in incomplete combustion. However, too
low fuel viscosity may cause mechanical problemgngine use as leaking from the
nozzle sealing and the fuel pump system. All selected fuels had a relatively low viscosity.
At a temperature of 44 C w0 o dnaphthashaddhe lowest viscosity (0r8f? s
and MGO (8nn? s?) the highest. Keroser(®.94mn¥ s?) and the reference fuel LFO
(3.0mn? st) were between the values of naphtha and MGO. The lower viscosity of
naphtha and kerosene, compared to diesel, could improve the fuel atomization,
evaporation and air/fuel mixing procesibramanian etl., 2018).
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A high fuel density may indicate higher energy content and minimize fuel losses.
Too high a density correlates with higher viscosity and it has a negative effect on the
formation of the fuel spray incurring poor burning process and high iemsss\mong
the studied fuels, the correlation between kinematic viscosity and fuel density was
correct. Wooebased naphtha had the lowest viscosity and the lowest densitig 722
atl1l5AC) . MGO had the highest vkgmé.cKeroseng an d
(787kg m®) and LFO (83tkg m?) were between the values of naphtha and MGO.

The cetane number (CN) indicates how quickly fuel dgmites under
compression. A low CN increases ignition delay causing problems for engine starting
and runnng, e.g. unstable engine running leads to noise and smoke. MGO had a
relatively high CN, 68, probably caused by used lubricants that formed the feedstock.
The calculated cetane index of LFO (EN ISO 4264) was 54. The CN of kerosene (41)
and woodbased napht (34) were lower, most likely resulting in a longer ignition delay.

A high lower heating value (LHV) implicates good heat release rate during the
burning process improving the engine performance. The level of LHV of alternative
fuels must meet the levef that of conventional fuels, other way there will be problems
in volumetric fuel consumption (Bae & Kim, 2016). Unexpectedly the highest LHV was
with woodbased naphtha (4J kg?'). However, the LHV of woodased naphtha
equated to earlier studied vasuef crude oibased naphth&hang et al., 201Bae &

Kim, 2016. All the other studied fuels had the same LHV MBkg™.

Table 1. Studied fuel properties

LFO MGO naphtha kerosene
C wt.% 87 83 81 89
H wt.% 14 14 15 15
N wt.% <0.1 0 0 0
S wt.% 0 0 0 0
Pour point AcC -42 Max. -6 <-50
Flash point AcC 64 110 10 Min. 38
Boiling point AcC 2071220 17071 3
Density at 15A C kg m® 836 843 722 787
Kinematic viscosity at mn? st 3.0 8.0 0.5 0.94
40A C
Surface tension at mN m! 29 20 25
20AC
HHV MJ kgt 46 47 46
LHV MJ kgt 43 43 44 43
Cetane number 54* 68 34 41
Sulphur wt.% <0.01 Max. 0.1 0.1
Ash cotent wt.% <0.01 <0.001 0.005 0.001
Water content mgkg* <100 22 35
Lubricity em 345 491

*calculated cetane index (EN ISO 4264).
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Combustion Research Unit

The Combustion Research Unit, CRU, is a constant volume combustion chamber
based instrument designed to resemble engine conditions. In the CRU there are no
moving parts and the starting conditions of the fuel injections are dedtroiore
precisely than in a real compression ignition (Cl) engine. Fuel is injected in a fixed
injection period (2503000e s) t hrough a twin nozzle inj
with fixed dimensions (500n N2%). In the injection system the first mbe is the
main injector and the second is a pilot injector, which can be activatedaatidated.

In this study the pilot injector was @etivated. The used injector was a BOSCH CR
injector which has electronic control of timing, opening period andspre. The
combustion and fuel pressures were observed with piezoelectric pressure sensors. Air
was heated by heating the chamber wall. Fitjustrates the CRU used in this study.

To meet broad fuel flexibility without any or only minor changes to remgi
hardware, the fuel injection duration was assigned to be £,600 wi t h al | fue
the differences in kinematic viscosity between the fuels. The pilot injector was de
activated and research was conducted under two different pressure and temperatur
conditions, 50 barAC.555MAC remsd!| 16 Idarowed9
MGO the injection duration had been 1,625 i nst ead. oDué, 060t hi
difference, MGO is not completely comparable with other studied fuels. Based on
Heywood (1988), under normal operation conditions, increasing the quantity of injected
fuel has no significant effect on delay period. However, under engine starting conditions,
the delay increases due to the larger drop sizes which are associated withtiegapora
and heating the increased amount of fuel.

All fuels were first centrifuged and then hot filtrated throughaI@ f i | t er b e
the CRU measurements. The fuels were at room temperature when injected into the fuel
injection system. Measurements weref@ened two to three times under the both
measurement conditions. Information about theupaetonfigurations of the CRU can be
found in Table2.

Table 2. Research saip configurations of the CRU

High pressure  Low pressure

Temperature at fuéhjection (theoretical) A C 590 550
Pressure at fuel injection bar 70 55
Max. chamber pressure bar 70 55
Max, pressure bar 81.2 65.9
Injector period, main €S 1,000 1,000
(LFO, naphtha, kerosene)

Injector period, main €S 1,025 1,025
(MGO)

It should benoted that the actual engine conditions differ from conditions in the
CRU. The major difference is the cylinder pressure thatstnake engines reaches even
more than 200 bar while the pressure in the CRU was max. 81 bar. Other differences are
the fuelinjection process and injection timing. In the CRU fuel is injected in a fixed
period (1,00 s ) , in this study, all fuel was it
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an ignition delay of longer thanrts. In engines, especially at high loads, finel
injection overlaps ignition and combustion (Steernberg & Forget, 2007). This means that
in an engine large amount of the fuel (max. 80%) is injected into a space with a flame.
Despite the differences between the CRU and actual engine condition&hs fast,

easy and costffective device to find out the engine suitability of the fuel.

Software for control,
analysis and presentation

I

EData acquisition and control

I

L Sensors and actuators ‘

I 1 1

Fuel supply
Injection unit
Combustion
chamber

Figure 1. Combustion Research Unit and its modules. (Modules based on Fueltech AS, 2005).

CRU measures the Ignition Delay (ID) from the staringdction (t= 0) until the
pressure in the chamber increases 0.1 bar. The following phases are determined:

i Pre Combustion Period (PCP) starts at the point where pressure is increased by 0.1
bar and ends when pressure% df maximum pressure increase.

i Main Reaction Delay (MRD) is considered when pressure is increa%edflifie
maximum pressure increase

i The time between fuel ignition until 10% of the maximum pressure increase is
achieved is calleds Pre Combustion Period (PRP).

i Main Combustion PeriogMCP) is measured from the MRD until 85% of the
maximum pressure increase is reached.

i After the main combustion period, After Burning Period (ABP) starts, which
continues until 95% of the maximum pressure increase is reached. At the end point
of ABP, the ombustion is considered end (EC).

In the next chapter, Fi@ shows these aboweentioned parameters in a pressure
diagram with LFO.
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RESULTS AND DISCUSSION

Based on the obtained results in the CRU, the ignition delays, complete combustion
periods, maximmm chamber pressure increases, and maximum rate of heat release rates
of the fuels are examined in this chapter. The CRU chamber pressure results are
presented as a function of time at high and low initial chamber pressures. The heat release
curves are corerted to pressure rises versus time in the combustion chamber. The
effects of the measured fuel properties on the abwaationed combustion parameters
are considered.

High pressure

Fig. 2 presents the CRU chamber pressure results as a function dbtirie
studied fuels at high initial chamber pressure. All the variables were calculated from the
raw data of one measurement and the results of LFO are marked2n Hig injection
duration of the fuels was identical, despite the MGO (+2.5%), batrtioeint of the fuel
during injection varied due to the different densities of the fuels. The results of MGO are
only directional due to the slightly longer main injector period. The results determined
from Fig.2 are listed in Tabl8.
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——LFO ABP = After Burning Period Max Pl = Max Pressure Increase
——MGO EC = End of Combustion MRD = Main Reaction Delay

- Naphtha EMC = End of Main Combustion MCP = Main Combustion Period

——-Kerosene
1D = Ignition Delay PCP = Pre Combustion Period

Figure 2. Chambepressure diagram of LFO, MGO, naphtha and kerosene at high pressure.

Fig.2 and Table show that MGO had the shortest ignition delay (134,
perhaps partly due to slightly longer main injector period (MIZ@25ms versus other
f u e Ins)dandlsignitantly higher CN, as GraBogalinski & Szwaja (2016) also
noticed. Among other studied fuels, LFO had the shortest ID (ds)8kerosene was
the second (1.5shs) and the longest ID was detected with naphtha (B<€)4 The
difference between ID of MGO améphtha was 1.Mhs. In engine use the longer ignition
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delay allows more fuel to be injected which once ignited gives a stronger pressure peak.
Steenberg & Forget (2007) suggests that too strong a pressure peak may lead not only to
engine damage but also increased NOx emissions. The ignition delay period can be
shortened by increasing the fuel injection pressure (Chen et al., 2013). On the other hand,
Agrawal et al. (2013) noticed that too high a fuel injection pressure may lead even into
too short an igition delay. In that case, homogenous mixing may decrease and
combustion efficiency reduce. Gnanasekaran et al. (2016) even noticed that the
prolonged ignition delay may also be exhibited as lower smoke levels because the better
mixture formation.

Table 3. CRU measurement results at high pressure

High pressure conditions LFO MGO naphtha kerosene
Ignition Delay (ID) ms 1.08 1.04 2.04 1.54
Pre Combustion Period (PCP) ms 0.16 0.14 0.22 0.16
Main Reaction Delay (MRD) ms 1.24 1.18 2.26 1.7
Main CombustiorPeriod (MCP) ms 0.74 0.98 0.78 0.6
End of Main Combustion (EMC) ms 1.98 2.16 3.04 2.3
After Burning Period (ABP) ms 0.9 0.86 0.26 0.26
End of Combustion (EC) ms 2.88 3.02 3.3 2.56
Max. Pressure Increase bar 80.9 at 81.2 at 80.2at 80.9at
10.5ms 10.3ms 47.7ms  10.9ms
Max. Rate of Heat Release barms?! 16.3 15.2 11.7 16.2
(MaxROHR)
Position of MaxROHR (PMR) ms 1.5 1.44 2.62 2

Naphtha had a slightly higher LHV but it required more time to ignite than other
fuels. Kerosene, MGO and LFO hadexy similar LHV, but MGO had the shortest ID.

Despite the longer ID of kerosene, the complete combustion period (EC) of
kerosene (2.56s) was shorter than that of LFO (2188), MGO (3.02ns) or naphtha
(3.3ms). This can be assumed to relate to lighhponents of kerosene that burns more
rapidly than the heavier compounds of o]
surface tension, compared to LFO and MGO, leads to a more rapid EC due to better fuel
air-mixing caused by smaller droplet sizes andsfagaporization characteristics (Lee et
al., 2012; Agarwal et al., 2013; Chen et al., 20B&sed on Steenberg & Forget (2007)
the EC may give information on the formation of combustion products and unburned or
burned fuel components that affect emissimmg may also relate to the formation of
engine deposits and wear. The studies of Gnanasekaran et al. (2016) and Nabi et al.
(2012) concerning a DI diesel engine showed that a shorter ignition delay and
combustion duration results in lower heat releass peak pressure and rate of pressure
rise.

The maximum pressure increase (Max.PI) of MGO (81.2 bar atnif).3vas a
slightly higher than Max.PI of kerosene (80.9 bar at sy and LFO (80.9 bar at
10.5ms) but the peaks were almost equal. Naphtha thaabgdD and that caused delay
in the position of the peak of Max.PI (80.2 bar at 41sj. Naphtha also included more
heavier compounds that take time to burn and evaporate-Régddinski & Szwaja
(2016) also noticed a correlation between an ID andpresncrease.
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Fig. 3 shows the heat release curves as converted to pressure rises versus time in
the combustion chamber. The heat release rfisac') was the fastest with LFO
(16.3barmsec) and kerosene (16karmsect). The placement of the curvegainst
time depends on the fuel ID. The MaxROHR of naphtha was the lowest (1ndat)
and the position was delayed due to its long ID. The shape of MaxROHR curve shows
that naphtha burned more slowly and the curve was not as spiky as with other fuels
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Figure 3. Rate of heat release curve of LFO, MGO, naphtha and kerosene at high pressure.

Low pressure

Fig. 4 presents the CRU chamber pressure results as a function of time for the
studied fuels at low chamber pressure that was adjust at 55 b#re Adhriables were
calculated from the raw data of one measurement, and the results of LFO are marked in
Fig. 4. The injection duration of the fuels were identical, despite the MGO (+2.5%), but
the amount of the fuel during injection varied due to thimidifit densities of the fuels.

The lower pressure conditions set higher demands for the used fuels and the
differences between the research fuels were clearer. The injection temperature of the
fuels was also dropped from580C t AC55 ®Ba s e d resuits, thenfuels @R U
roughly be divided into two groups; LFO and MGO, kerosene and naphtha.

Woodbased naphtha had almost twice as long an ID (8)0as LFO (1.7@ns)
and MGO (1.74ns ) . Fi gs 4isiow that @ long B lalscereflected to the
postion of MaxROHR and the position of Max.PI. The Max.PI of naphtha (64.6 bar)
was near the values of other studied fuels (LFO 65.9 bar, MGO 66.0 bar and kerosene
65.0 bar), but the slow ignition is shown in the position of Max.PI of naphthar(&5.8
The position of Max.PI of naphtha occurred 9.1 times later than that of LFO if&p2
or MGO (3.94ms). The study of GraRogalinski & Szwaja (2016) also showed that a
lower initial chamber temperature and pressure lead to worse atomization and
evaporation andlelayed ignition. With constant volume vessel, Bae & Kim (2016)
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observed that the ID of the kerosene type8JBel (CN 38) was 25% to 50% higher
compared to diesel fuel (CN 48). It was also noticed that when the CNs of the fuels meet,
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Figure 4. Chamber pressure diagram of LFO, MGO, naphtha and kerosene at low pressure.
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The whole combustion period (EC) was fastest with MGO. The fast ignition
and good combustion of MGO under low pressure conditions may be related to the high
CN (68). In high pressure conditions, kerosene had the fastest combustion (EC), maybe
due to the major amount of the light compoundhéfuel. Now, it can be assumed that
the chamber pressure and the injection temperature were too low to burn the light
compounds of kerosene well enough.

The MaxROHR varied more under the low than the high pressure conditions,
Fig.5. LFO and MGO burnedlrmost similarly in both pressure conditions. MGO
released heat even faster at the low (15.61is) than high pressure (150arms?).

The MaxROHR curves of kerosene and naphtha differed considerably. The combustion
was slow and the peak of the MaxROKRrve was low. The MaxROHR curve of
naphtha also had a little drop at time ofimd. The reason might be that the light
components of haphtha burned first and heavier compounds needed more time to ignite.
Once the heavier compounds were also ignited, theR@& R reached its highest peak

at 4.92ms (3.03 bams?'). According to Bergeron & Hallett (1989) higher mass
components of a fuel have also higher ignition delay times.

Table 4. CRU measrement results at low pressure

Low pressure conditions LFO MGO naphtha kerosene
Ignition Delay (ID) ms 1.76 1.74 3.20 2.46
Pre Combustion Period (PCP) ms 0.18 0.18 0.42 0.32
Main Reaction Delay (MRD) ms 1.94 1.92 3.62 2.78
Main Combustion Period (MCP) ms 0.68 0.64 4.26 1.72
End of Main Combustion (EMC) ms 2.62 2.56 7.88 4.50
After Burning Period (ABP) ms 0.24 0.22 3.92 3.84
End of Combustion (EC) ms 2.86 2.78 11.8 8.34
Max. Pressure bar 65.9 at 66.0 at 64.6at 65.0at
3.92ms  3.94ms 35.8ms 12.5ms
Max. Rate of Heat Release barms?! 14.7 15.6 3.03 6.19
(MaxROHR)
Position of MaxROHR (PMR)  ms 2.28 2.26 4.92 3.34

Based on the received results of the CRU measurements, kerosene can be used in
Cl engines without or with only minor changes. The possible modifications could be
starting and stopping an engiwith other fuel (e.g. LFO) or the change of the nozzles
to have smaller diameter holes. Based on Heywood (1988) the nozzles with smaller
diameter holes improves droplet formation and may promote better combustion with a
shorter ID. The low lubricity of kessene may result in malfunction of the injection
system. Lubricity improvers and additives may be required in engine use (Bae & Kim,
2016).

Naphtha in Cl engine use needs other fuel for starting and stopping engine. The
lower CN and lower viscosity may litrthe use of naphtha as a dsiopfuel to a diesel
in Cl engines because the retarded start of combustion and prolonged ignition delay may
cause increased NOx emissions. Fuel additives may be needed to improve the ignition i
characteristics and decreas®®Nemissions. (Subramanian et al., 2018).
Due to the very similar results of MGO and LFO, MGO can be used in a Cl engine like LFO
without any modifications to engine or injection system.
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Continue of the research

The research continues with engine measaraggto validate the engine operation
with each fuel. At the same time, the correlation between combustion parameters from
the CRU (e.g. EC, EMC, ID) and engine parameters are studied. Only few similar studies
have been performed. One is the study of $teen & Forget (2007) where the
correspondence of the Fuel Ignition Analyzer (FIA) parameters and engine parameters
was examined. Good results of the correlation between the FIA and the engine
combustion parameters were achieved at high loads. At low lpads,correlation
between the FIA and the engine combustion parameters was detected. It might be partly
due to the differences in the test conditions between the FIA and the engine. The fuel
injection in the engine was also very different and stronglyctgtethe combustion
process.

CONCLUSIONS

The quality of ignition and combustion of four marine and power plant fuels were
studied in a Combustion Research Unit, CRU. The fuels wereddphur Light Fuel
Oil (LFO, baseline), Marine Gas Oil (MGO), kerosene and renewable -hased
naphtha. The resrch fuels were selected to broaden the choice of alternatives of marine
and power plant engine fuels.

Based on the results obtained in the study, the following conclusions could be
drawn:

Under the high pressure conditions:

i MGO had the shortest ID thatdicated good atomization and high CN. A good
atomization provides rapid fuair mixing decreasing ID.

i Naphtha had the longest ID, maybe due to the high amount of heavy components
of naphtha. Heavy components also affects atomization and the whole gombus
process.

i Kerosene burned quickly due to its light components, lower viscosity and surface
tension, and showed a short EC period. Naphtha had the longest EC which may in
engine use lead to highemissions and engine damages.

i Under the higher pressucenditions, the combustion parameters of the fuels were
closer to each other than under the lower pressure conditions

Under the low pressure conditions:
i The lower chamber pressure and the lower fuel injection temperature affected
clearly the combustiongsformance of the fuels
i Fuels could be roughly divided into two groups:
1) Straightly usable in engine without any modifications: LFO & MGO
2) Fuels that require some minor modifications (e.g. starting and stopping the
engine with another fuel): keroseard naphtha
i The long ID of naphtha and kerosene affected the positions of Max.PI curve and
MaxROHR curve
i Kerosene was competitive under high pressure conditions but fell behind when the
chamber pressure and injection temperature were lowered
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Abstract. The tensile strength of Sugar pallrénga pinnata fibores was examined. Fibre
samples were prepared and tested up to the point of rupture with a deformation rate of
0.05mint. The tensile device (Labortech, MPTest 5.050, Czech Republic) were used to
determine the tensile force. The aim of the papernaveesscribe a mechanical behaviour of Sugar
palm (Arenga pinnatafibres. Measured values can be used as a basis for further research on the
application of Sugar palm fibres.

Key words: tensile forceagriculture material, deformation energy.
INTRODUCTION

Environmental and economic concerns are stimulating research in the design of
new materials for construction, furniture, packaging and automotive industries.
Particularly attractive are the new materials in which a good part is based cal natur
renewable resources, preventing further stress on the environment. However, it is
important to know that renewable resources depend on a balance, in which their harvests
should be lower than its growth. Renewable,-tiober based materials could reduce
the use of traditional materials such as wood, minerals and plastics for some applications
(L e «eb al., 1998) Vegetable fibres offer several advantages in comparison with
synthetic fibres. They are biodegradable (crucial at the end of life of produaits),
abrasive to processing equipment, are; @@utral and can be used as acoustic and
thermal insulators. Furthermore, they are an important source of income for agricultural
societies Alveset al., 2010)

Arenga pinnata (syn. Arenga saccharifera) is an economically important feather
palm native to tropical Asia, from eastdmtia east to Malaysia, Indonesia, and the
Philippines in the east. Common names includgmspalm, arenga palm, areng palm,
blackfiber palm, gomuti palm, aren, enau, irok, and kaong.

Another important product of the sugar palm is its fibres. It has several names such
as Aren, gomuti, and black and locally it is known as the ijuk fibres. The
commercialization of sugar palm fibres can be tracked back as early as 1416 during the
Malacca Sultanate era. Later in 1800, sugar palm was planted by British East India
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Company in Penang to produce high durability rope made from its fibres (Othman &
Haron,1992). These multipurpose fibres can be used to make a number of products such
as ropes, filters, brushers, brooms, mats, cushions and shelters for fish breeding (Mogea
et al.,, 1991). Other than that, the preparation for sugar palm fibres is efforties as
fibres do not require any secondary processes such as water retting or mechanical
decorticating process to yield the fibre. This is due to the fact that the fibres, originally
wrapped around the sugar palm trunk from the bottom to the upper pagttoéeh are

in the form of natural woven fibre (Ishak et al., 2012; Ishak et al., 2013).

The tree begins to produce fibre before flowering approximately after five years of
plantation. The fibre is black and its length is up to Iil%s diameter rangdsetween
94and37@ m and it s kgreliBadhttanet al.,, 2010). B&clatiaral. 010)
reported the tensile strength, tensile modulus and elongation at break of sugar palm fibre
to be 190.2MPa, 3.69GPa, and 19.6%, respectively.

Further cheacterisation of tensile properties of sugar palm fibres was conducted by
Ishak (2011). The fibres were obtained from different heights of sugar palm tree (1, 3,
5,7,9, 11, 13, and 1R) and tested for single fibre tensile test. The results showed that
the fibres obtained from bottom part demonstrated inferior properties of tensile strength,
modulus, elongation at break and toughness compared to fibres obtained in the area of a
live palm frond.

This experimenaims to describe the mechanical behavioBogar paimArenga
pinnatg) fiber under tension loading.

MATERIALS AND METHODS

Sample

Samples of fibres produced from Sugar palmefqga pinnaty obtained from
Balige, province of North Sumatra, Indonesia, were used for the experiment. The
moisture corgnt Mc=11.12N0.81% (d.b.) of the samples was determined using
standard oven method, ASAE method (ASAE S410.1 DEC97), (ASAE, 1998). Samples
of 500 g mass from a batch of Sugar paltrefiga pinnatawere randomly selected for
the moisture content detemaition. The mass of each sample(g) was determined
using an electronic balance (Kern 488, Kern & Sohn GmbH, Balingen, Germany).
For determining mechanical properties were produced five setsi(s#tb) and each
set was 5 fibres.

Tension test

To determine the relationship between tension force and deformation, a device
(Labortech, MPTest 5.050, Czech Republic) was used to record the course of
deformation function. The fibres of Sugar palm (Hipwere glued into a paper to
precisely fix gauge legth Lo = 20 mm (Fig.1) and subsequently were inserted into grips
of testing machines. The carrier paper was cut before starting the tensile test. The fibres
were tested up to the rupture with a tension speed of 0.5 mntumiter temperature of
20A C. eXperanent was repeated five times with randomly selected fibres. The
microscope (Zeiss Jenavert, Carl Zeiss, Jena, Germany) was used to measure of fibre
diameter. The dimensions were determined in 5 places at gauge length for each fibre.
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20 mm

Figure 1. Method of fasting of the fibres to the tensile test.

The fibre crossection area (S) was calculated by @g.
AO

T

where D (mm) is the outer diameter of fibre.

Y 1)

Stress strain curve
Determined amounts of tension force were transformiedstress by Eq2) and
the amounts of deformation were transformed into strain by3}q.

0
vy 2)
®
Y )
where G (MPa) is stress i n?idapdaprate crdss ( N)

secti on ar #iastrairf; x (lnm)b theelongltion(of fibre, andImm) is
gauge length.

Volume energy
Volume energy is the area under the sirsisain curve from the zero strain to
maximum strain and it was calculated by E).

} c o) 4
wh e r an' ¥s the Yolume energy; i indicates the additional amount of strain in which
the stress was determined (step of measurement wasmi®)1 , (MRa) is tension
stress at app(rMPoar)i aitse tsetnrsaiionn, sit fisstam, at
a n d.isihe sequential strain.

RESULTS AND DISCUSSION

For each of the five fibres the cross sectional area was determined by the equation
Eq.1 and its results are shown in Tablwith additional information. The measurements
show that W the specified geometrical properties of each fibre have similar properties
throughout its length and it is given by the amount of variation coefficient less than 6%,
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which is usually the quantity determined in biological materials (Mohsenin 1970;
Strosline 2000; Blahovec 2008; Mizera et al., 2016). The average values for each set are
shown in Fig2 as the dependence between the tensile force and the elongation.

Table 1. Geometric and mechanical properties of Sugar pAlreriga pinnatafibres
Tensbn force Fibre diameter Tension stress  Deformation Deformation

Set N nm MPa mm energyJ
Il 29.43 N734.73 N31.20 N 3.99 N70.99
1] 35.38 N813.93 N37.15 N 4.25 N94.98
" 32.26 N 700l09N 39.528.43 N 3.61 N41.19
v 31.20 N 715.49 N35.26 N 3.94 N57.09
V 28.89 N722.69 N33.83 N 4.19 N74.309
35
30 .-d..c"".’“
Zh 25 . 'f"“'. -
% 20 e ..':.ﬂ‘\ﬂ‘{"‘::‘ <
p Vﬁ‘v"‘”
c PR
2 15 /A
c
(]
~ 10
5
0
0.0 1.0 2.0 3.0 4.0 5.0
Deformation, mm
----- Set | Setll = — -=Setll — --SetlV =--= SetV

Figure 2. Dependency between tension force and deformation.

From already published studies is evident that Sugar palm fibre has very similar
rupturestress as other fibres produced from other natural materials such as bamboo,
vakka, coconut, banana, pineapple, hemp, abaca oridisgdéet al., 1991Bachtiaret
al., 2010;lshaket al., 2012).

Each measured relationship of tension force versus elongats transformed
using Eq(2) and Eq(3) into the stregstrain curve. For transformation, the individual
crosssection areas (Tablg were used.

Sahari,et al. 012) studied tensile properties of Sugar palm (ijuk) fibre and
compared it with fibresbtained from different parts of sugar palm tree namely the frond,
trunk and bunch fibres. The results showed that the highest tensile properties (tensile
strength, tensile modulus and elongation at break) were obtained at frond fibre followed
by bunch filve, ijuk fibre and lastly at trunk fibre. These results are in good agreement
with their chemical compositions in the same study since the mechanical properties of
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natural fibres are strongly influenced by their cellulose content (Habial,, 2008 that
provides strength and stability to the cell walls of fibres (Reddy & Yang, 2005).

From already published studies is evident that sugar palm fibre has very similar
rupture stress as other fibres produced from other natural materials such as bamboo,
vakka,coconut, banana, pineapple, hemp, abaca or sisal (Othman & Haronl. 19920 ,
et al.,1998 Reddy & Yang, 2009achtiar, et al., 2010shak,et al., 2011Ishak,et al.,

2012 Mizera, et al., 2016). In terms of elongation, the sisal and date sinavar
deformation properties as sugar palm.

From the point of view of classical construction materials, the mechanical
behaviour of sugar palm fibre under tension loading can be also compared with standard
materials such as aluminium or magnesium métaiMard 2007). From the conducted
study and previously published information about sugar palwes, et al., 2010; Ishak,
et al., 2011 Sahariet al., 2012), it folbbws that sugar palm fibre is environmentally
friendly, biodegradable, and recyclable material and due to its mechanical behaviour
under tension loading. In this study, the determined results of the mechanical behaviour
could be applied as background forther research focused on the sugar palm fibre
application.

CONCLUSIONS

The mechanical behaviour of Sugar palm fibre was determined. The fibre with its
desirable properties, has great potential to be used. Not only is the fibre highly durable.
On top ofit, it is readily available in the form of woven fibres, making it easy to process.
Since sugar palm remains largely unknown by many people and very little information
is available about it, more research needs to be conducted to unveil its significdnce an
to promote its usefulness for the benefits of the public.

From an analysis of determined mechanical and physical properties determined in
this study, it follows that the fibre produced by sugar palm shows high strength, stiffness
and exhibits exceptionatructural properties. With regard to its biodegradability and
recyclability as well as its mechanical behaviour, the fibre produced from sugar palm
could be used as a construction material of the future.
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Abstract. The article focuses on a technology of flue gases stabilization in biological and hospital
waste incinerating facility. Hazardous particles and compounds formed in flue gas during the
proces of thermal waste degradation need to be stabilized according to an enacted legislation.
The aim of the research is to examine technological procgssathlorinated dibenzodioxins

and polychlorinated dibenzofuran@®CDD/F) elimination in flue gas. PCDD/iB group of
persistent organipollutants which are resistant to environmental degradation and are highly toxic
for the environment in very small amoungxperiments were performed in semi operation
hospital waste incinerating plant with heating power MW and capacity 25@gh?* of
incinerating material. It was observed thHatmation of PCDD/F exponentially grows with
increasing concentration of chlorides in the flue gas, but formation varies based on type of
congener. The highest concentration was measured for HxDF, Ipg588° and HpDF,
16,334pgNm= at chlorideconcentration 0867 mgNm=. However, concentration of PCDD
congener s d#@06pgNm?3éxtoesane bl of chlorides in flue gas. Two types

of activated carbo@hezacarb and NORIT were tested foradzifity to stabilize PCDD/F in flue

gas. Results show that refining effect for both sorbent are very similar. It was observedghat 0.1
of activated carbon should be applied pévri® of flue gas in regard to reducé8ngNm3
PCDD/F under required emisg limit.

Key words: PCDD, PCDF, hospital waste, activated carbon.
INTRODUCTION

Elimination of hazardous particles and compounidslue gas can be done by
several methods such as a wet, sdrgiand dry process (Wey et al., 2001). Dry refining
technology is based on a sorbent injection that is in a form of finely crushed dry powder.
The agent is sprayed directly into the flue dasvf(Allen et al., 2001)or mixed with
waste going into the reactor (Cunill et al., 1991). Neutral compounds are formed after
reaction with injected sorbent and captured on solid particles separator subsequently.
There is a vast rangd commercially produced sorbents that can be used for stabilization
of different particles with different efficiency. Sodium and calcium based sorbents can
effectively eliminate sulphur dioxide and hydrogen chlofdé i r sa & Mal aS§|
but for activated carbon based sorbent seems to be effective agent for persistent organic
pollutants stabilizatiofGunes et al., 2015)
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Hydrogen chloride and small amount of chlorinated radicals can form during
incineration of material that contains chemically bonded chiq@tanet al.,2014)
The combustion runs in oxidation atmosphere in presence of catalytically active particles
ofashsuchasGu It i s known gHsham &Bensoo, 4993sderpr oc e
such condition, hydrogen chloride can transform to chlorine that can reacts with organic
radicals and persistent Polychlorinated dibenzodioxins (PCDD) and Polychlorinated
dibenzofurans (PCDF) can forfRhan et al., 2014)

PCDD/F occurs while incineration of substances that contain chi@tivi etal.,
2015) It is highly toxic for the environment in very small amounts. Production of
PCDD/F in flue gases grows with increasing amount of hydrogen chloride and other
chlorine element in flue ga@/an Caneghem et al., 2012)s formation occurs at
temperature range from 250 to 680¢Stanmore, 2004Emission limits for PCDD/F is
0.1 ngl-TEF m* at standard conditions.

This paper follows up on research of the dry sorption refining technology in small
biological and medical waste incinerating plant with heating power uniié %Jirsa
& Mal a S §Ekhe ain2 d thig study is to determine a formation of PCDD/F in flue
gas during medical waste incineration in relation with concentration of chlorides. Further
task of the stdy is to examine the effect of calcium hydroxide on PCDD/F elimination.
Above all, it is determination of sorption efficiency of activated caftased sorbents
Chezacarb and NORIT to reduce PCDD/F concentration in flue gas.

MATERIALS AND METHODS

Experimental unit and technology

All experimental tests were conducted in s@pération conditions of incinerating
plant for hospital waste degradation in Strakonice, Czech Republic. It is assaiall
facility with output of approximately 1,40Q,500t processed waste annually. The
facility consists of a pyrolysis furnace HoviaSchiestl GG 24, thermeactor TR 24
and a steam boiler THD IV 0580 with heating power 1,508 kW.

The incinerating plant operates discontinuously, waste is dosed into the furnace
everyl5 minutes with load of 65 kg. The input material is a classified as a biological
and hospital waste. It is described with following codes according to waste catalogue:
180102, 180103, 180104, 200301, 150202, 15@ELGopean Wste Catalogue)The
elemental characteristic of processed waste is in Tlable

Table 1. Hospital waste characteristics

Share of H-O, Ash, Cl, F, S, Heating value,
component, % % % % % % MJ kgt
Textile 29 6.6 14.2 13.2 1.8 9.5 15.1
Paper 24 5.8 5 0.5 - 4.2 154
Plastic 23 0.1 0.5 18 3 6.7 24.8
Biological component 14 321 186 53 2.1 12 114
Solvent, oil 10 0.6 0.8 16.1 1.3 213 39.6
Weighted average 7.9 8.1 104 1.6 9.1 19.3

Temperature in the furnace chamber is set at range990& CTwo natural gas
burners automatically control temperature at required level. Pyrolysis gas forms by waste
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carbonization in the furnace chamber that is subsequently mixed with oxygen and burned

in thermoreactor at the temperature 1,1001.50A C . F o e ges dowd thraugh

aboiler where the temperature is reduced toi 260A C . Reduced temper:
gas allows to inject a sorbent into the system. Hence the device for sorbent addition is
placed after the boiler. Flue gas followingly passes throughl@g contactepipe

labyrinth which enhance amount of collisions between sorbent and flue gas particles.
Next, flue gas temperature is reduced toiI3BAC i n heat exchange
second 17n long contactorpipe labyrinth is placed. All solid péles involving
hazardous compounds and sorbents injected into the system are captured on a tied filter
subsequentlyThe technology diagram of the incinerating facility is given on thelFig.

~ PM

1 - Waste input 6 - Pipe labyrinth 1 11 - Ventilator - Hel

2 - Chamber fumnace 7 - Heat exchanger 12 - Control unite - 50,

3 - Thermoreactor 8 - Sorbent injection — position B 13 - Stack - 0,

4 - Steam generator; boiler 9 - Pipe labyrinth 2 L PCDD/F
5 - Sorbent injection — position A 10 - Tied filter

Figure 1. Facility technology diagrarat J i r sa & Mal aSg§8k, 2017)

Measuring of emissions in flue gas was taken according to appropriate legislative
(Act No. 201/2012 Coll.)The measuring point is placed at the horizontal flue pipe with
diameter 355 mm after a ventilator according to ISO 9096 and EN 413284

Within the experimental testing following properties and concentrations are
determinedaccording to international technical standards. It is specifically monitored:
concentration of particulate matter (PM), hydrogen chloride (HCI), oxygenaia
polychlorinated dibenzp-dioxins (PCDD) and dibenzofurans (PCDF) according to
following techncal standards:

1 Gravimetric determination of the mass concentration of particulate matter (ISO
9096 EN 13284);

Determining flow velocity and volume flow (ISO 10780);

Determination of moisture in the gas pipeline (EN 14790);

Paramagnetic determination ofygen (EN 14789);

Photometric determination of the mass concentrations in inorganic chloride
compounds (EN 1911);

9 Determination of the organic persistent substances mass, calculated from the

measured values (PCDD/PCDF) (EN 1948)1

=a =4 =4 =4
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Methodology of PCDDF determination according to EN 1948, #4

Equipment was rinsed with acetone and toluene before the samples were taken.
PUF and glass filter were extracted with toluene and dried. PUF and glass filter was
marked with sampling standards for yieletermination and blinded test was done then.

PCDD/F samples were determined in the laboratory with additiort*dht@rnal
standards (extraction and spraying standards) and determined on-Mg @&Vice. The
yield of sampling standards was determineseldaon extraction standards. The results
are given as an International toxicity equivalence facitER, see the Tabl2.

Table 2. Toxic equivalency facto{Schecteset al.,2006)

Congener I-TEF value Congener I-TEF value
Dibenzo-p-dioxins (PCDDs) Dibenzofurans (PCDFs)
2,3,7,8TCDD 1 2,3,7,8TCDF 0.1
1,2,3,7,8PeCDD 0.5 1,2,3,7,8PeCDF 0.05
2,3,4,7,8PeCDF 0.5
1,2,3,4,7,8HxCDD 0.1 1,2,3,4,7,8HxCDF 0.1
1,2,3,6,7,8HxCDD 0.1 1,2,3,6,7,8HxCDF 0.1
1,2,3,7,8,9HxCDD 0.1 1,2,3,7,8,9HxCDF 0.1
2,3,4,6,7,8HXCDF 0.1
1,2,3,4,6,7,8HpCDD 0.01 1,2,3,4,6,7,8HpCDF 0.01
1,2,3,4,7,8, HpCDF 0.01
OCDD 0.001 OCDF 0.001

All volumes, weights of combustion air and emission concentration are given for
normal conditions, i.e., att0 A C ,= 101.325kPa and the reference oxygen content in
the flue gases & 11%.

Used carbon based sorbents

Chezacarb (CHZC) is commercial name for carbon based sorbent produced by
Unipetrol a.s. It is produced during hydrogen production by partial oxidation of
petroleum and petrochemical raw materials. Chezacarb is characterized by high level of
specific surfae area, above 1,0007 g with high capacity and high porosity, more than
3.5cm?gl It is effective in PCDD/F and PCB eliminatid®mall particles around
20mm are able to cluster around pollutants and binding them irreversibly
(Unipetrol,n.d.).

NORIT GL 50 is commercial name for carbon based sorbent produced by Cabot
Corporation. It is a powdered steam activated carbon with an extra fine particle size that
is suitable for the removal of dioxins, mercury and other contaminant traces from flue
gasegCabot Corporation, n.d.)

RESULTS AND DISCUSSION

Effect of chlorine in flue gas on PCDD/F and distribution of congeners

The dependence of PCDD/F formation on hydrogen chloride concentration in flue
gas was observed. The characteristics of the biological waste meet the fuel quality
requirements. An average <calorific wval ue
2013) or vegetablmat t er ( Mal aS§8k & Bradna, 2014) .
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chloride was changed by mixing 1R of crushed PET bottles anditBes of 4.6%
solution NaCIO with incinerated waste before dosage to the burning chamber.

The measuring point was placed rorft of the fabric filter. Flue gas temperature
was 125130AC and v ol ume 48.83%.Xhe gependenca sf PEGDD/F 9
formation based on hydrogen chloride concentration in flue gas is shown in Figs 2, 3.

4,500
o)
Q 4,000 o
O 3500 a
%S o 3,000 A xTeDD
c £ 2500 o®
.g Z 2,000 A @ PeDD
& 2 1,500 o A oo OHxDD
$ 1,000 a x¥ ¢ AHpDD
£ 500 X x X ocDD
X
8 0o BRm R R” X X X
200 400 600 800

Concentration of chloride, mg Nm-3

Figure 2. Dependence of PCDD individuabngeneres concentration on chlorides concentration
in flue gas.

_ 20,000
a 18,000 o
O 16,000 o A
& 14,000
S Z 10,000 24l © PeDF
g2 8000 OHexDF
c 6,000 3 o

O 2,000 e & % X ODF
© 0 Rz R g X & &x X

200 300 400 500 600 700 800 900
Concentration of chloride, mg Nm-3

Figure 3. Dependence of PCDF individual congeneres concentration on chlorides concentration
in flue gas.

The results show that the formation of both PCDD/F exponentially grows with the
concentration of chlorides in the flue gas. However, the formation can vary based on
type of congener. The distribution of concentration for different PCDD/F congeners are
shown in Figs 4, 5.

It is obvious that the concentration of polychlorinated dibenaofiis almost one
order of magnitude higher that the concentration of polychlorinated dibenzodioxins. At
chloride concentration af58 mg N3 formation of TeDD, PeDD, HxDD, HpDD and
OCDD do not vary significantly. All the congeners formed at similar level between
150/ 200pgNm=. However, at chlorideoncentration 0867 mgNm? formation of
TeDD, PeDD, HxDD, HpDD and OCDD difers noticeablyori€entration of congener
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with the lowest number of chlorine atoms, TeDD does not grow with increasing
concentration of chlorides in flue gas. Concentration of PeDD and OCDD slightly
increases with chlorides in flue gas. Concentration of HXDD and HpDD ghawsost
significantly with increasing concentration of chlorides in flue gas. The maximum
concentration of is 3,81dg Nm™ for HXxDD and 3,266pg Nm for HpDD at chloride
concentratior867 mg Nm=3.

2,500
2,000

1,500

= PCDD

pg Nm3
[N
o
o
o

500 BPCDF

Concetrnation of congener,

Number of chlorine atoms in congener

Figure 4. Concentration of persistent compounddlie gases with content of chlorine equal to
458mgNm3,
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< i 10,000 u PCDD
g o 5,000 BPCDF
D

S 4 5 6 7 8

Number of chlorine atoms in congener

Figure 5. Concentration of persistent compounds in flue gases with content of chlorine equal to
867mgNm3,

Compared to that formation pblychlorinated dibenzofurans conducts differently.
At chloride concentration @58 mg Nm TeDF, PeDF, HXDF form noticably more than
HpDF and OCDF. The highest concentration 1,8§Rm?3 is masured for PeDF.
However, concentration of OCDF is only @@ Nm3. With increasing concentration of
chloride in flue gas congeners with 5, 6 and 7 chlorine atoms form the mostly. Maximum
concentration of HXDF is 17,52 Nm at chlorideconcentration 0867 mgNm=,
Similarly, concentration of the second most presengener, HpDF is 16,33y Nm?
at the same level of chlorides in flue gas. On th other hand, concentration of TeDF and
OCDF does not grow as signiciantly as concentration of PeDF, HxDF and HpDF with
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increasing concentration of chlorides in flue gas,dbilltquite significanly compare to
PCDD. The maximum concentration is 1,986Nm= for TeDF and 1,36ppg Nm™ for
OCDF at chlorideconcentration 0867 mgNm=. Very similar results were published
for industrial incinerators (Chi et al., 2006) and formeipal waste incinerators (Kim
et al. 2007).

Noticeable slope change of concentration fuction for individual congeners is around
600mg Nm3 of chlorides in flue gas when concentration of HxDD, HpDD and PeDF,
HxDF, HpDF start growing dramatically comparéd other PCDD and PCDF
congeners. HXDF, HpDRave the major presence in flue gas.

Effect of Ca(OH).on PCDD/F concentration reduction in flue gas

The influence of calcium hydroxide on concentration of PCDD/F in flue gas was
measured. Calcium hydroxiges injected into the flue gas flow at rate ddggper hour.
The sorbent was dosed after a cooler where the temperature of flue gas Wa/225.
The mean volume of flue gas was 3,286°h?! and mean volume of Owas
10.3N0.95%. The concentration ofiydrogen chloride decreased from original
concentration of 45&igNm to 230mgNm3. The reduction ofndividual congeners
PCDD/Fare shown in Table 3, 4.

Table 3. Effect of Ca(OH) on PCDD concentration

PCDD HCI TeDD PeDD HxDD HpDD OCDD E PC
I-TEF mgNm3 pgNm3  pgNm? pgNm?3 pgNm?3 pgNm® pgNms3
Initial concentration 458 133 208 206 133 152 832
Concentration when 230 51 86 94 85 87 403

5 kg Ca(OH) dosed

Reduction of congener 61.7% 58.7% 54.4% 36.1% 42.8% 51.6%
concentration

Individual congener reacts on calcium hydroxide addition to the system differently.
The major reduction 61.7% was observed regarding TeDD. With growing order of
chlorine atoms, the reduction slowly decreases. The mean decrease of all PCDD
congeners is 51.6%.

Table 4. Effect of Ca(OH) on PCDF concentration

PCDF HCI TeDF PeDF HexDF HepDF OCDF E PC
I-TEF mgNm3 pgNm?3 pgNm? pgNm? pgNm?3 pgNm3 pgNm?
Initial concentration 458 844 1,677 1,010 348 73 3,952

Concentration when
5 kg Ca(OH) dosed
Reduction of congener
concentration

230 406 883 612 263 33 2,197

51.9% 47.3% 39.4% 24.4% 548% 44.4%

Similar effect was observed in regards with individual PCDF congeners as well.
Maximum reduction 51.9%vas seen with decreased concentration of TeDF. With
increasing number o€hlorine atoms in individual congener effect of Ca(@dh
subsequent PCDF reduction desceridie mean decrease of all PCDF congeners is
44.4% and 45.7% for both PCDD and PCDF togetfihe result shows that calcium
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hydroxide reduces the concentration of hydrogen chloride flue gas and subsequently
reduces concentration of PCDD/F in flue gas.

Gunes similarly published that the lowest removal efficiency for particle phase was
found tobe 80% for TeDF while the highest removal efficiency found to be 100% for
TeDD, PeDD and PeDF. Particle phase removal efficiencies for the rest of congeners
were observed to range fromi®B% (Gunes et al., 2015). Lower chlorinated congeners
have higher vaor pressures. So, they tend to go into gas phase and hence, have higher
possibility of adsorption on activated carbon (Chi et al., 2006). On the other hand, higher
chlorinated congeners tend to be present in particle phase due to their lower vapor
pressues. These congeners are separated from gas stream after their adsorption onto
activated carbon particles or their association with lime particles, consequently, filtration
of the particles through bag house filter (Gunes et al., 2015).

Effect of activatedcarbon on PCDD/F concentration reduction in flue gas

Concentration of PCDD/F in flue gas can be decreased by calcium hydroxide that
is usually used for reduction of acidic compounds in flue gas. However, the effect is not
sufficient according to appropte@aemission limits. Activated carbon is usually used for
elimination of persistent organic pollutants in small incinerating facilities.

First measurement of PCCD/F concentration in flue gases was taken when neither
sorbents nor active carbon was added insystem. It represents the reference point for
evaluation. The volume of glue gas flow was 3,0 hr.

Next 3.5kg of calcium hydroxide per hour wagected into a flue gas stream after
the heat exchanger (position Ahe temperature of gaseswas 23¢ at dosi ng
Calcium hydroxide can partially reduce concentration of PCDD/F by stabilizing
chlorides in flue gas as it is shown in Table 4, 5. However, it cannot reduce PCDD/F at
required level given by emission lits(Act No. 201/2012 Coll.)

Hence, activated carbon was examined on efficiency to diminish PCDD/F
concentration to the acceptable level. There were two carbon based sorbents selected
Chezacarb and NORIT, both crashed in high speédcnuisher to fine particles with
size smaller than & m. The dosing place had to be s
temperature because there was a considerable content of oxygen. Dosing point was
placed after a cooler (position B) where the temperatuae 120A C . Both sorl
Chezacarb and NORIT were dosed into the flue gas flow at rate of l#G0and
400g hrt. The results are shown in Talide

Table 5. Stabilization effect of activated carbon on PCDD/F concetration

Reference
emissions  Ca(OH) Chezacarb Chezacarb NORIT NORIT
No sorbents 3.5 kghr! 300 ghr! 400 ghr® 300 ghr! 400 ghr?

added
O, %vol. B B B B

8. 58N 8. 76N 8. 45N 8. 94N 8. 65N8. 67
Flue gas flow Nm?hr?

3,071 3,208 3,710 4,100 3,890 4,020
Concentration ng I-TEF Nn13
of PCCD/DF 4.852 3.187 0.487 0.079 0.522 0.081

1059



Result shows that both Chezacarb and NORIT are efficient to reduce concentration
of persistent compounds in flue gases. Experiments were executed under the same
conditions. All instruments and methodology were identical. Results are very similar, it
is notpossible to prefer one or the other sorbent based on sorption effectiveness. The
results show that in order to satisfy emission limits for persistent compound
approximately 0.3 of activated carbon should be applied p&n® of flue gases with
concentration B4 ngNm* PCDD/F. Other researches published similar results. Abad
stated that 906% removal efficiency can be achieved when 400n? of activated
carbon is applied (Abaet al., 2003)Kim published that removal effiency over 98%
can be reached when By Nm of activated carbon is injected into a system with dual
bag filter, but 200ng Nm of activated carbon is necessary with a single filter applied
(Kim et al., 2007).

CONCLUSIONS

The paper deals with formaticand stabilization of PCDD/F during a process of
biological and hospital waste thermal degradation. The experiments were conducted in
a semi operation hospital waste incinerating plant with heating powdv\i.5
Formation of PCDD/F exponentially grows tiincreasing concentration of chlorides
in the flue gas, but formation varies based on type of congener. Concentration of PCDF
is almost one order of magnitude higher that the concentration of PCDD. HxDF and
HpDF reach the highest concentration 17,6gAm3 and16,334pgNm at chloride
concentratior867 mg Nm3. However, concentration PCDD congeners does not exceed
4,000pg Nm™ at the same level of chlorides in flue g&slcium hydroxide dosed into
the flue gas flow can decrease level of hydrogelorine and subsequently eliminate
concentration of PCDD/F with the mean reduction of 45af%ate Skg h* of Ca(OH)
dosed into the flue gas flowlowever, the effect of PCDD/F elimination Ba(OH} is
not sufficient per emission limitg\ctivated cabon based sorbent is suitable to do so.
Both examined carbon based sorbents commercially known as Chezacarb and NORIT
achieve the same efficiency of PCDD/F stabilization in flue gas. It is not possible to
prefer one or the other sorbent based only onisorptoperties. In regards not to exceed
emission limits of PCDD/F exposure, approximately@df activated carbon must be
applied per Nm?® of flue gases with total PCDD/F concentration &% 8agNm?.
Carbon based sorbent is a vital supplement for PEERDmination in dry sorption based
refining technology in small scale waste incinerators.
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Abstract. The production process of an agricultural and industrial complex (AIC) includes
processing of bigreas of fertile soil that receive sganerated electromagnetic energy. This is
one of the peculiarities of the AIC, determined by the fact that the AIC produces primary (plant
based) food. The plants use part of the-generated energy to synthesiseldmgcal energy,

which forms the nutrition value of the product and which is measured by a rational (relative)
factor per unit of area. A plant community is a biological system where each plant is a biological
element. The amount of fuel energy (which ighampogenic unlike sugenerated energy)
consumed by an AIC company to produce plzeded food is determined by the energy
efficiency of the technical elements (fuel cells, both mobile and immobile) included in the
consumer energy system (CES).Crops sigaply food for livestock farming, which is the second
biological branch of AIC and produces the second type of food, meat and poultry. Animals and
poultry are raised using daily feed flow as the source of energy. As the energy consumption and
the energy #iciency (expenses and return on investment, respectively) are determined by the
technical part of the consumer energy system, it is necessary to find the dependence between the
CES and biological systems (crop farming and animal farming) in the foodgiimal process.

Key words: energy saving, power consumption of production, criteria of energy efficiency,
consumer power system.

INTRODUCTION

The concept of energy efficiency can be defined in various ways, the most popular
of which is the relativelecrease in energy consumption. Taking into account the overall
aim of generating energy for the production of material goods and the fact that the
material goods are the product of any enterprise, then product energy contents could be
a relatively commorunit of measurement, showing the amount of energy used to
produce one piece of the final product. However, this value is applicable to similar plants
producing similar products and is not suitable for evaluating the energy efficiency of a
big corporationyegion or state. As the sales markets and demand for products are the
common evaluation factors of the units at this level, then the focus of analysis shifted
from energy efficiency to gross regional product (GRP) and gross domestic product
(GDP) energy catents, introducing a very specific indicator of energy contents of profit.
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Even though this indicator shows efficiency indirectly (by means of demand),it does not
impedethe evaluation of eneregfficiency for the purposes of production development

and fo justifying the control methods of efficiency. International energy efficiency
practices (Stasinopoulos et al., 2012), led to two important principlesegrated
approach to system design and sustainable system development. Numerous instructive
examplesof energy consumption efficiency analysis in various production processes,
cited in the book, use the efficiency factor (generally accepteddinoensional
parameter) as the means of (Kapoad Yuldasheyw n .
2010), the cocept of consumer energy system (CES) Fij.offers its own relative
indicator to analyse the consumer energy efficiency.

Energy Product Product registration
counting meter device device

Offered markels H : ﬁ

Energy market I OF;E’:L'U[?];
! I— o
Q. Cr B L1 H n H n —| EPT1 market

Energy-generating
equipment
market

¥

RES equipment
market 'L vy
Energy —*

" resource [*
Production f

equipment ¥

market Environ
Control )

Raw materialMarketI 1

Technology

market

Figure 1. Energy scheme of the CES.

This indicator defines the relative energy contépésthat is constantly moving
through the technical element (TE) as the ratio between the input eie(gsiginal
measurable energy supplied to TE) and output en@mmeasurable energy, leaving
TE), i.e.Qe=Qi/ Qo.

The introduction of the indicator makes it possible to analyse the efficiency of every
individual TE afQe=11 aQ/QQ (wherea®) = QT Q« = energy losses in TE).and the
efficiency of the energy transfer line connecting consecutive TEs, reveal the types of
energy used by CES and efficiency of various types of products, simulate CES with a
single TE that represents the total input energy and the sum of energy losses in the
system.
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Energytechnological processes (ETPs) that generate the Rlsyltonsuminghe
input energy are the key for CES energy efficiency. The \Rigelefined by the product
manufacturing technology. The ETPs also determine the energy contents of thig, result
where the energy contents is primary not only for the CES but also feothglete
energy transfer system, from the energy generation point to the ETP.

MATERIALS AND METHODS

The basis of the research methods is made up of mathematical analysis of the
energy efficiency criteria and suggestions to reduce energy waste. Therefore, the main
and primary aim of the analysis of the biotechnical system (i.e. the conglomerate of the
technical and biological systems within an AIC) is to define the specific role that the
energy and technology processes of the technical system play in the efficiency of the
biological system. Following our methodology, we first calculate the amount of
consuned energy theoretically required (without losses) to recBiveith the best
achievableQe= 1 (maximum efficiency), and then compare it to the measured amount
of energy, actually consumed by ETP and exceeding the calculated net amount by the
sum of variog losses.

The share of the losses compared to the theoretical (minimum) energy consumption
used to receive R defines both the reason (losses) and the value of the actual increment
of the minimum Qe= 1 (at the minimum energy consumption). The advantagheof
method to analyse the energy efficiency (using motigra meters, PES and ETP with
predefined R), offered by the Scientific School, entails the possibility to divide
(differentiate) the consumed energy into two types: active energy and losseslaused
the physical properties of various TEs.

Taking a multilevel hydroponic narrovghelf greenhouse technology as an
example (Kabanen, 2008), he proves that due to the design of the electric lamp it is not
physically possible to arrange the shelves antigheflow within the greenhouse space
to avoid the light losses. Moreover, this type of loss cannot be compensated even by
increasing the power of the lamp and the energy consumption. The losses can be reduced
or eliminated by using a light emitting dioafestead of the traditional lamp.

Therefore, the Scientific School method allows defining and reducing in each of
the CES energy lines the losses that increase the relative energy contedtsTineer
totalities of all the theoretical (calculated) amouwsftenergy in all energy lines on one
hand and all losses on the other are the two complementary components of the amount
of energy that CES used to make the product. The school suggests treating the first
component as a system active energy and the sexdrad system loss. These two
components determine the energy contents of the product, differentiated by the usage
efficiency, not by a traditionally calculated statistical average one. We have to note that
this differentiation is possible for energy consuarsgstems, but not for the energy
transfer systems, which is why we can reasonably argue that any attempt to reduce the
energy contents must begin with the eneagglit of the consumer systems.

The possibility to control energy savings in technical conswsystems (i.e. in
CES) has been experimentally verified in laboratory andlifeatonditions, so we can
claim that we are scientifically and methodologically ready to address this issue.
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The extended CES layout including both fixed and mobile procdaséddreatment
and livestockrelated processes describes the links between CES and the processes that
support biological activities. Main focus was on basic energy flows to biological objects
(plants, animals, poultry). Fi@.shows the results of theadysis of energy links between
technical and biological objects.

Figure 2. Energy links between CES, plant and animal farming

The general industrielated energy layout reveals some important characteristics.
Solar energy, transformed by plants into nutritional biological energy, and not
anthropogenic (fuel) energy, is the source of nutritional biological energy contained in
thebasic agricultural plant products. The figure shows examples of fuel consumption in
order to grow plants in open soil and in a greenhouse (left) and to keep animals (right).
The dodde6line connecting the left and the right sides shows that the fodgearf
origin, containing biological energy and not fuel energy, is the main energy flow keeping
the animals alive. This means that the energy contents of food production (both plant
and animal) in the traditional meaning of the term is created by theitatisystem
(PES), maintaining the plant and animal farming only, i.e. the energy contents of the
farms fully depend on the energy efficiency of the power equipment used, on the plant
farming technology and on the soil productivity.

As proven by the elegt water heating experiments (Karpov et 2016), the
technical equipment of the energy and technological process (ETP) can be considered a
TE where energy is supplied and technological reéRuf the energy consumption is
created and monitored. Meanieh) the action (energy consumption) process is the only
one of all the TE processes to register the energy losses that increase the energy contents
of the product and reduce the energy use efficiency.
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