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Introduction

There is a wide variety of different kinds of biomass that could potentially be used for
the production of renewable energy. Agricultural residues (prunings) coming from perma-
nent plantations and orchards constitute a significant and largely unused potential for re-
newable energy. The EuroPruning project aims to turn prunings into a valuable fuel source
by developing solutions for their harvesting, transportation and storage that will create
growth in the European biofuels market. At three demonstration sites the developed solu-
tion will be tested and demonstrated. The sites cover plantations of apples and cherries in
Germany, peaches, almonds and olives in Spain and grapes in France. Whether or not
a given biomass flow is suitable for energy production does not only depend on the techno-
logical possibilities and the potential economic feasibility of the conversion process, but as
well of the whole of the impacts on the environment and society. To determine the envi-
ronmental consequences of the Pruning-to-Energy (PtE) logistics chain, a Life Cycle As-
sessment study will be conducted. In this study the PtE scenarios will be compared to three
current practices: (open field burning, mulching and use for domestic heating). In this arti-
cle an outline of the assessment methodology and consequent challenges are provided.
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Sustainability assessment

The European Union considered Sustainable Development as a vital objective for Euro-
pean policies, incorporating it in the Amsterdam treaty of 1997. Sustainable Development
consists of three pillars: Economic Prosperity (i), Environmental Protection (ii) and Social
Equity and Cohesion (iii). Within the EuroPruning project the three pillars of sustainability
are considered in a Life Cycle Thinking approach to enable a founded choice for a sustain-
able utilisation scenario for orchard prunings. In this paper the initial approach for the as-
sessment of the environmental impacts by application of a Life Cycle Assessment (LCA) is
presented.

Environmental assessment: LCA according to the ISO Norm

According to the ISO 14040:2006 Norm LCA is defined as “the compilation and evalu-
ation of the inputs, outputs and potential environmental impacts of a product system
throughout its life cycle.” (ISO 2006a)

The technique examines every stage of a product life cycle, from raw materials extrac-
tion, through manufacture, distribution, use, possible re-use/recycling and final disposal.
The phases of LCA, according to ISO 14040:2006 are presented in Figure 1.

/ Life cycle assessment frameworﬁ

D
| / Applications: \

* Product analysis
> /optimisation;
Interpretation <= * Strategic planning
* Public policy

» Marketing

* others

Goal and scope
definition

Inventory
analysis

Impact

kassessment

Figure 1. Phases of LCA, according to ISO 14040:2006 (adapted from 1SO 2006a)

Goal and scope definition

A goal and scope definition is the phase in which the initial choices, that will determine
the working plan of the entire LCA, are made. The goal of the study is formulated in terms
of the exact question, target audience and intended application. The scope of the study is
defined in terms of temporal, geographical and technological coverage, and the level of
sophistication of the study in relation to its goal (Guinée et al., 2002).



Determination of the environmental...

Life Cycle Inventory

Within the phase of inventory analysis for each “life stage™: (i) the inputs (in terms of
raw materials and energy) and (ii) outputs (in terms of emissions to air, water and solid
waste) are calculated. The results of the inventory are aggregated over the entire life cycle.

Allocation of flows and releases

In many systems, including pruning to energy (PtE) not only one product of service is
generated. For example PtE’s main function is produce electricity/heat, however at the
same time a co-production of wastes and gas-exhaust may take place (generation of ash,
NO,, CO, or SO, from combustion processes). Thus the material and energy flows as well
as associated environmental releases should be allocated to the different products according
to clearly stated procedures (ISO 14044:2006). The ISO norm prescribes that the allocation
should be wherever possible avoided by dividing the unit processes to be allocated into two
or more sub processes and collecting the input and output data related to these sub process-
es as well as by expanding the product system to include the additional functions related to
the co-products.

Life Cycle Impact Assessment and Results Interpretation

Life cycle impact assessment (LCIA) is the phase in which the inventory analysis output
is further processed and interpreted in terms of environmental impacts and social prefer-
ences. LCIA requires the comparative evaluation and aggregation of various emissions,
resources and other disturbances such as land use and noise. An aggregation of these
“stressors” inevitably contains apples-and-oranges comparisons (Hertwich and Hammitt,
2001). Figure 2 summarises the overall framework of LCIA. It shows the relation between
life cycle inventory results, impact categories, category indicators and category end
point(s). The impact category Acidification is used to illustrate this concept.

Life cycle Inventory (LCI) Cd, CO,, NO,, SO,, etc.
results (kg/functional unit)

Impact o, Acidification
category

LCI results assigned Cd, CO,, NO,, SO,, etc.
to impact category (kg/functional unit)

Proton rel
(H* aq)

Category indicator

Environmental relevance

-Forest
- Vegetation,
- Etc.

Category endpoint(s)

Figure 2. The conceptual framework for defining category indicators (adapted from ISO
2006b)
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ISO 14044:2006 defines also the term “environmental mechanism”, which is “a system
of physical, chemical and biological processes for a given impact category, linking the LCI
results to category indicators and to category endpoints” (ISO 2006b).

Endpoints, according to ISO, there are physical elements in the environmental mecha-
nism of an impact category of direct concern to society. Udo de Haes and Lindeijer (2002)
define Areas of Protection as classes of endpoints. The midpoints are all elements in an
environmental mechanism of an impact category between interventions and endpoints. Four
areas of protection (valuable in themselves or to humans) were identified according to JRC
(2011): human health, man-made environment, natural environment and natural resources.

The difficulty of an LCIA lies in the fact that stressors (such as emitted substances)
cause unequal effects to different people and ecosystems according to different mechanisms
of action and different times. Even if the mechanisms of action are the same as for the
greenhouse gases their dynamic behaviour and therefore time horizon differs (Hertwich and
Hammitt 2001). The determination of the comparative significance of one environmental
impact relative to another is hence not primarily question of measurement, it is one of
judgement.

LCA approach and methodology for EuroPruning and accompanying
dilemmas

Goal

The goal of the study is, according to the Description of Work (DOW) of the EuroPrun-
ing project: “to assess the environmental impacts potentially derived from the utilization of
agricultural wood pruning biomass as energy feedstock.”

Scope: cradle-to-gate or cradle-to-grave?

Within the DOW it is specified, that the environmental assessment will concentrate on
the value chain until the distribution to the final user (will not incorporate the assessment of
all the impacts related to the final use of the fuel). This seems to be a valid specification for
the economic assessment, where the price that is paid for the final solid fuel produced re-
places all the economic impacts of the various options of energy production later on in the
value chain. Specific costs of investment and operation of installations ‘after the gate’ are
not relevant for the comparison of various options of the utilisation of agricultural wood
pruning biomass. For the social assessment a limitation to the logistic chain up unto the
energy production facility gate is valid as well. The direct social impacts of the various
options of what to do with the generated prunings are relevant, whereas the social impacts
of energy production is out of the scope of the EuroPruning project.

However, as for the environmental assessment, the picture is more complex. The sole
reason for thinking about the energetic use of agricultural prunings is the potential substitu-
tion of conventional energy. Therefore, this environmental gain of substituting currently
produced energy should also be reflected within the environmental assessment. There is not
such a thing as market price in environmental terms. For the environmental assessment
therefore a standard, generally applied energy transformation process will be considered.
This approach is followed as well in similar, more limited studies (Boschiero et al., 2013;

8
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Picchi et al., 2013). In the first place the scope of the LCA will be the comparison of cur-
rent practices of agricultural prunings use with the improved logistics chain for energy
purposes that will be developed within the EuroPruning project. For this purpose, as ex-
plained above, the incorporation of the energy transformation process is unavoidable. How-
ever, it is likely, that prunings as a fuel will be compared to other biomass fuels, such as
forest residues or biofuels from energy plantations. In that case a comparison of the produc-
tion and logistic chain of the biomass fuels up unto the gate of the energy transformation
process could be considered, thus excluding the impacts during the combustion (or gasifica-
tion, pyrolysis etc.) process.

TRANSPORT

PRUNINGS
FROM FRUIT

TREFS Energy and
resources

ENERGY
PRODUCTION

'm"lss'lbn

Figure 3. The life cycle scope within the EuroPruning project (Dyjakon et al., 2014)

All scenarios to be compared have then the same environmental gain: energy produc-
tion, thus substituting conventional energy sources. A study comparing various sources of
solid biofuels could end at the delivery of a certain amount of contained energy to the gate
of the final user.

Scope: Europe wide?

Within the EuroPruning project a number of project deliverables will clearly lead to re-
sults reflecting the European Union as a whole. Detailed estimates for prunings generation
in the entire Union will be provided. However, as the project intention is to developed
a new logistic chain for pruning biomass, data deriving from field studies will only reflect
the specific cases studies (e.g. soil GHG emissions from mulching test in German apple
orchards). To overcome this discrepancy, in a first approach detailed LCA investigations
based on the project demonstration sites will be undertaken as a kind of indicator studies.
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The demonstration sites cover plantations of apples and cherries in Germany, peaches,
almonds and olives in Spain and grapes in France. Based on these Europe wide estimated
and conclusions will be drawn.

Inventory analysis

In the inventory analysis for all life cycle stages the resource consumption and emis-
sions will be determined and consequently aggregated (see Figure 3). For the following
stages data stemming from the project case studies will be used:

— effects of mulching. Both greenhouse gas emissions, the introduction of organic carbon
and nutrients to the soil as well as the leaching thereof will be considered.

— prunings harvesting. The construction and use of the developed harvesting machinery
will be considered.

— storage. During the storage the pruning material will be subject to various decomposi-
tion processes. The effects thereof will be determined during field trials.

— biomass composition. The composition and other parameters of both fresh (before
mulching) and stored (before energetic use) pruning biomass will be determined. The
heavy metal content however, will be taken from literature sources, as a thorough analy-
sis cannot be afforded from the project budget.

Interviews amongst farmers and farmer unions about the growing and pruning of per-
manent crops will provide additional information for the LCA modeling. The remaining
necessary data will be taken from standard processes contained in the applied LCA soft-
ware as well as from literature sources.

Impact assessment methodology

The Life Cycle Impact Assessment (LCIA) methodology to be applied within the Euro-
Pruning project will be a mid-term assessment due to the reasons described above. The JRC
recommends a number of methods in its Handbook (JRC 2011). Within the EuroPruning
project the methods CML2002 and IMPACT2002+ will be compared, after which one will
be chosen for the entire environmental assessment (Guinée et al., 2002; Jolliet et al., 2003).

Interpretation: crediting

When comparing various systems in an LCA, some of them may have by-products or
services as an output that others lack. The additional function related to the by-products can
be accounted for as credits in form of negative energy and material flows equivalent to the
quantities of replaced primary products are assigned to respective processes. The produc-
tion of those products is accounted for as a positive effect, the called “credit”. Alternatively,
a ‘basket of services’ can be created, in which all by-products are contained. Every scenario
that does not provide with the by-product or service within the scenario itself, needs to
account for the environmental burdens of the supplementary production of the by-product
externally (outside the actual scenario). In Figure 4 the basket of services for the considered
scenarios in the EuroPruning project is shown.

10
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Seenario Supplementation

Variant A, mulching energy production

energy and fertiliser

Variant B, open field burning enargy el

pred uetiomn
+
fertilising
Variant C, domestic heating vallle fertiliser production

Variant By Eurepiuning fertiliser produstion

Figure 4. Basket of services for the EuroPruning project scenarios

The scenario of using agricultural woody prunings for energy purposes (variant D in
Figure 4) produces energy, but lack the fertilising value of the prunings (which are not
applied to the soil). Therefore additionally to the other environmental impacts, the burdens
of the production of an amount of fertilisers equal to the value in the mulching scenario are
to be added to the EuroPruning scenario.

Interpretation: soil depletion

Currently, LCIA methodologies consider the introduction of biomass matter into soil as
a positive effect in terms of carbon sequestration and nutrient enrichment. However, taking
away prunings for energy purposes could imply a further soil depletion, especially when the
soil is sandy or poor in organic matter. Current LCIA methods do not consider the risk of
soil fertility depletion (Cherubini et al., 2009; Mila et al., 2007; Boschiero et al., 2013), as
this effect depends on the actual state of the soil. In general, LCA refers only to potential
impacts, not considering the actual state of the environment. Within the EuroPruning pro-
ject, a handbook for farmers that produce prunings will be published. In this handbook
amongst other things, the danger of soil depletion will be considered, likely leading to
guidance to remain the prunings on the fields in case of soils poor in organic carbon.

Interpretation: waste or product

Farmers grow permanent crops to produce fruits, olives, grapes etc. The pruning bio-
mass is generated as waste, which is consequently mulched or burned. In current practice,
pruning residues do not have a market value yet, their disposal rather poses costs to the
farmers. This implies, that all environmental impacts related to the growth of the trees
should be solely allocated to the agricultural products and not to the pruning residues.
When comparing alternative uses of the pruning residues, the environmental burden of the

11
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tree growing could be neglected anyway, as it is identical for all scenarios. However, when
comparing prunings as a fuel to other fuels, the pre-chain is relevant. At the moment the
Pruning-to-Energy alternative becomes economically interesting for the farmers, pruning
residues will have a positive value. The latter would imply, that part of the burden for the
growing of the permanent crops should be allocated to the prunings residues. For the Euro-
Pruning project this implies, that at first the fruit growing impacts can be neglected, but in
later stages of the project may become relevant.

Conclusions

Within the EuroPruning project Life Cycle Assessment will be applied to determine the
environmental impacts potentially derived from the utilisation of agricultural wood pruning
biomass as energy feedstock. For this purpose data from literature, LCA software processes
and from the planned field studies within the project will be used. The latter will comply:
harvesting, storage, pruning composition and mulching. The LCA study will initially en-
compass the entire ‘cradle-to-grave’ of agricultural pruning residues, including a standard-
ised energy production module. Part of the impact related to the growing of the fruits will
be allocated to the produced prunings. Four scenarios will be compared: three current prac-
tices (open field burning, mulching and use for domestic heating) with the Pruning-to-
Energy scenario. Energy produced or fertilising value achieved by soil application will be
accounted for as environmental gains. The CML2002 or IMPACT 2002+ impact assess-
ment method will be applied to determine the impacts of the use of prunings for energy
purposes in three indicator studies: apples and cherries in Germany, peaches, almonds and
olives in Spain and grapes in France.
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OKRESLENIE WPLYWU NOWEGO EANCUCHA LOGISTYCZNEGO
BIOMASY NA SRODOWISKO NATURALNE

Streszczenie. Odpady rolnicze (Scinki galgzi) pochodzace z winnic i sadéw stanowia duzy potencjat
jako odnawialne Zrodto energii. W artykule przedstawiono cel projektu EuroPruning, jakim jest prze-
ksztalcenie tego typu odpaddéw w wartosciowe paliwo na europejskim rynku energetycznym poprzez
poprawg i rozwoj technologii ich pozyskiwania, zbioru, transportu i magazynowania. Aby okresli¢
srodowiskowe konsekwencje opisanej strategii wykorzystania scinek gatgzi z drzew owocowych do
celow energetycznych, zaproponowano metodologi¢ opierajaca si¢ na tzw. analizie cyklu zycia. Do
analizy przyjgto rozne warianty, ktore zostana poréwnane z aktualnymi sposobami zagospodarowania
galezi z drzew owocowych (spalanie na uboczu, rozdrabnianie i pozostawianie na miejscu, wykorzy-
stanie w domowych systemach grzewczych). Oméwiono zagadnienia zwiazane z analiza cyklu zycia
oraz problematyke wyboru odpowiednich zatozen przy przyjetej ocenie srodowiskowe;.

Stowa kluczowe: ocena cyklu zycia, wptyw na $rodowisko, biomasa z sadow, energia z biomasy,
Scinki gatezi
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Introduction

Technical service of farm tractors aims at maintenance of machines in an up-state for
use so that it can correctly fulfil tasks; it should be constantly improved and extended
(Rybacki, 2011). One of possible and applied changes within this system is facilitation of
the contact with customers through the use of web sites.

Increase of IT awareness of consumers and development of the telecommunication
market, which enables access to the Internet, results in formation of new trade possibilities.
Knowledge and experience of entreprencurs and recognition of needs of the agricultural
machines branch induce technical services to introduce innovative solutions, including sale
of spare parts through the Internet. At the same time it is an evidence of social changes,
which determine direction and pace of development of the entire economy in Poland and
around the world. Presently, competitive advantage plays a significant role and the ad-
vanced technical infrastructure favours dynamic development of the market (Babuchowska
and Marks-Bielska, 2010).

Creation of enterprises web sites, which deal with technical service of farm tractors,
constitutes a chance for obtaining new customers, even from distant regions of the country.
On-line shops are so constructed that although a client has no physical contact with a prod-
uct, he or she may obtain all essential informations.

Data bases are a basic IT tool used in e-shops. The biggest asset is a possibility of
access of many people in real time (Sojak et al., 2007).
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Despite existing barriers, resulting from individual beliefs concerning purchases in the
Internet or due to the lack of proper telecommunication infrastructure, which enables access
to the assortment in internet catalogues of spare parts, growing interest of such services
among farmers is visible (Sieczko and Sieczko, 2010). Creation of the sale system of parts
in the Internet constitutes an integral part of the decision taking process made by a client.
Possibility of browsing through the catalogue of parts on the web site is a great simplifica-
tion of traditional procedures related to the purchase. Each year sale through services of the
web site increases by few dozens percent in comparison to the previous year. Moreover,
number of servicing centres, which offer internet sale of spare parts, increases (Cupiat and
Szelag-Sikora, 2013).

A farmer, who buys a farm tractor, must take economic effects into account, which in
future will be generated by technical service of a machine, inter alia, replacement of parts
(Durczak and Rzeznik, 2011). Immediate availability of spare parts on the web site influ-
ences shaping positive relations between a servicing agency and clients. Possibility of per-
forming some activities through the Internet related to servicing machines results in better
assessment of a servicing centre by farmers (Durczak et al., 2011). Logistic activity of
enterprises which carry out an e-shop depends on appropriate cooperation of the following
departments: trade, sale and maintenance. Success guarantees their mutual completion in
order to ensure the best possible customer service (Juscinski and Piekarski, 2009b). Pres-
ently, web sites which offer sale of parts for farm tractors are conducted by dealers and
importers and smaller business entities (Rybacki and Durczak, 2010). Seasonal nature in
agriculture with the use of farm tractors causes fluctuations of demand for spare parts. The
third quarter of a year is a period, where demand is the highest (Juscinski and Piekarski,
2009a).

The objective of the paper

The objective of the paper was to anlayse the use of the Internet for trade of spare parts
for farm tractors in terms of available assortment and advancement of the e-sale system by
an enterprise. Having analysis results will allow determination of present directions of
development of the web site and sale of spare parts for farm tractors in Poland.

Materials and methods

In order to carry out the objective of the paper, market offers of spare parts for farm
tractors, presented on the web sites of enterprises which deal with technical service of farm
tractors, were analysed. All web sites are modern and enable sale of spare parts with the use
of the Internet. On this basis, actual state related to present internet offer of spare parts was
presented. Web sites of servicemen and bookmarks related to the sale of parts were the
object of the research. During research, availability and prices of parts selected from a cata-
logue offer were compared. The scope of the paper included also a manner of placing in-
formation concerning sale of parts in the Internet. Customers may shop on-line directly on
the web site of the servicing centre on the independent web site of an e-shop selling spare
parts or ordering a part by calling a shop to a telephone number provided on the web site.
A manner of purchasing parts in servicing centres was investigated through analysis of 15
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servicing enterprises from around Poland, which declare possibility of sale of spare parts
through the Internet. The selected enterprises took part in the competition "Serwis na med-
al" [“The best servicing centre”] in 2013. Servicing agencies from around Poland entered
for the contest, which was organized by the Polish Economic Chamber of Farming Ma-
chines and Devices in Torun, held under the patronage of the Poznan University of Life
Sciences.

Results and analysis

Research on e-sale of spare parts for farm tractors was carried out based on information
included on the web sites of servicing agencies. Each of them has a working web site with
bookmarks, among which, there is one related to sale of spare parts. Names of bookmarks
used by servicing agencies are presented in figure 1.

Parts

Spare parts

E-shop

Sale of parts

Parts and accessories

Spare parts shop

Service

Figure 1. Name of a bookmark on the web site of a servicing agency, which provides infor-
mation concerning sale of spare parts

The most frequent names of bookmarks, which indicate a place, where information on
sale of spare parts is included, are: "parts" and "spare parts". Servicing centres use such
names as: "e-shop", "shop", "sale of parts". Rarely are used: "parts and accessories”, "spare
parts shop" and "service". The names used, through closeness of meaning, facilitate the use
of the web site and finding information which are interesting for a user. These are commu-
nicative definitions; however in future one should aim at unification of names using for
example the name "e-shop".

When analysing web sites of servicemen selected for the research, four manners of plac-
ing information on the sale of spare parts for farm tractors may be distinguished. They were
collected and presented in figure 2.
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m E-shop with a parts catalogue provided
on the web site of the servic-ing centre

m Telephone number to the servicing
shop provided on the web site of the
servicing centre

= Internet addresses of companies
cooperating with a serviceman, which
sell spare parts provided on the web
site of the servicing centre

m Parts catalogue and a telephone
number to the servicing shop placed
on the website of the servicing centre

Figure 2. Manner of placing information on sale of parts through the Internet by a servic-
ing centre

Having an e-shop, which provides a catalogue of parts offered for sale, is a manner of
sale of parts through the Internet used by the highest number of technical service centres.
However, manners of sale are varied. Providing a telephone number of a service shop is
also a popular solution but less advanced. It enables direct conversation with a shop em-
ployee. Some servicing centres place on its website, an Internet address of a company
which cooperates with a serviceman, which sells spare parts. A catalogue of spare parts and
options related to the purchase of the selected assortment are in this case on the company's
website. These usually are Internet addresses of the agricultural machines producers known
and functioning on the territory of the entire country. The lowest number of servicing cen-
tres uses a manner, which consists in providing a telephone number to a serviceman shop
and catalogue of sold parts without the possibility of buying through the Internet.

An e-shop with available catalogue of parts is the most appropriate solution. All enter-
prises which offer spare parts should aim at such solution. Opportunity to complete a re-
quest form on spare parts by a client on the web site of the selected farm machines servic-
ing centres is an additional solution.

Research on the internet sale of spare parts for farm tractors allowed noticing that de-
pending on the analysed service, the offered assortment is varied. Information on the as-
sortment was presented in table 1.

Data included in table 1 show that despite carrying out activity in the same branch, as-
sortment offer of e-shops is varied. Some e-shops enable only purchase of spare parts for
agricultural machines, other also sell operational liquids and tools. Spare parts and opera-
tional liquids, for which demand is the highest during a year, occur the most frequently in
the e-shops offer. At the same time, these are operational materials used in farm tractors,
which require to be exchanged with determined frequency during operation. Filters in farm
tractors, which are exchanged during the planned technical inspections are an example. Sale
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offer should be the widest. The analysis shows that operational materials and other basic
tools for performance of technical inspections prevail.

Table 1
Selected assortment offered by e-shops of service establishments of agricultural machines

Participation of the assortment
Item

Selected assortment of e-shops in e-shops

number

(%)
1 Batteries 20
2 Oil pressure sensors 60
3 Fuel level sensors 20
4 Tubes 20
5 Engine block nozzles 20
6 Filters of hydraulic oil 80
7 Filters of motor oil 80
8 Fuel filters 60
9 Air filters 80
10 Universal agricultural foils 60
11 Draw hooks 20
12 Driving wheels 20
13 Cross wrenches 20
14 Bearing 60
15 Manometers 40
16 Oil gauges 20
17 Hydraulic oils 60
18 Gear oil 40
19 Gear and hydraulic oils 60
20 Engine oils 80
21 V-belts 60
21 Piston ring 20
22 Coolants 40
23 Front covers of a timing gear 20
24 Hydraulic pumps 20
25 Fuel pumps 20
26 Potentiometers 40
27 Reflector 40
28 Ball studs 40
29 Cab panes 20
30 Clutch plates 80
31 Tape measures 20
32 Transmission main shaft 60
33 Fuel filter elements 60
34 Air filter elements 60
35 Cross screwdrivers 20
36 Flat screwdrivers 20
37 Sets of socket wrenches 40
38 Bulbs 20
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Research on the e-sale of spare parts for farm tractors showed that there is no assort-
ment, which would be sold by all services through web sites. Even in case, when an offer
includes the same type of a spare part, not necessarily it comes from the same manufactur-
er. Tables 2 and 3 presents the selected assortment of e-shops stating also prices.

Table 2
Price of the selected products in e-shop of the service enterprise A
Item Selected assortment Gross price
number of e-shop A (PLN)
1 Oil pressure sensor New Holland 60.00
2 Filter of motor oil Steyr 45.00
3 Fuel filter New Holland 75.00
4 Air filter New Holland 154.00
5 Ball bearings of BR series 249.12
6 Hydraulic oil Ambra Hydrosystem 46 HV, 51 120.00
7 Motor oil Aral Traktoral 10W 40, 201 335.00
8 Grooved V-belt Case IH JX 60,70 140.00
9 Clutch disc New Holland 700.00
10 Fuel filter element New Holland 45.00
Table 3
Price of the selected products in e-shop of the service establishment B
Item Selected assortment Gross price
number of e-shop B (PLN)
1 Oil pressure sensor Same Deutz-Fahr 98.00
2 Motor oil filter Same Deutz-Fahr 50.00
3 Fule filter Zetor Proxima 39.00
4 Air filter Donaldson 140.00
5 Ball bearing 2RS Same Deutz-Fahr 149.64
6 Hydraulic oil Akcela HY-TRAN, 51 125.00
7 Motor oil Ambra Mastergold 15W 40, 20 1 450.00
8 V-belt AV 15 x 1465 Same Deutz-Fahr 90.00
9 Clutch disc Zetor Proxima 480.00
10 Fuel filter element Same Deutz-Fahr 75.00

Spare parts and operational materials available in the internet catalogue of the servicing
centre A in majority are designated for New Holland and Case farm tractors. The second e-
shop offers, on the other hand, assortment of Same-Deuts Fahr and Zetor manufacturers. It
is, inter alia related to cooperation of technical services of farm tractors with manufacturers.
It proves relations which take place between a manufacturer and a serviceman. Some of
servicing agencies are of a factory service centre nature; some function based on franchise
principles.

Data included in tables 2 and 3 prove diversification of spare parts and operational ma-
terials offered in the e-sale system. Price of the same spare part may differ depending on the
service. For example, the same sensor of oil pressure Same Deuts Fahr is available in three
e-shops. Depending on the shop offer it costs PLN 63.06, 74.00 and 98.00. Thus, it is im-
portant at the moment of purchase to compare offered prices and check whether the select-
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ed spare part is of appropriate make. These activities are easy to perform, because internet
catalogues include descriptions of parameters of spare parts and operational materials. Be-
cause all internet catalogues of parts include prices, a potential client may compare assort-
ment and prices of the selected e-shops.

Conclusion

Review of the activity carried out in servicing agencies allowed noticing a common ten-
dency for enabling purchase of spare parts through the Internet. It proves, inter alia, a pro-
gress within the scope of rendering services in the Polish agriculture. It also proves that the
society is more aware of the meaning of the technical service. Thus, enterprises should
prepare suitable service offers and invest in equipment and adjustment to growing custom-
ers' requirements, by inter alia, opening e-shops. The research also confirmed that each
service establishment offers parts of other companies. Most frequently these are materials
coming from the agricultural machines manufacturer, with which the service centre cooper-
ates, which constitutes a link of distribution logistic of the manufacturer on the market.
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INTERNETOWY RYNEK CZESCI WYMIENNYCH
DO MASZYN ROLNICZYCH

Streszczenie. Celem pracy byta analiza i ocena internetowego rynku czgsci wymiennych do maszyn
rolniczych. Badania przeprowadzone zostaly w grupie wybranych zakladow serwisowych, oferuja-
cych sprzedaz czgsci wymiennych za posrednictwem stron internetowych. Analizowano rdznice
w asortymencie poszczegdlnych sklepéw internetowych oraz sposob zamieszczania informacji doty-
czacych sprzedazy w Internecie. Oferta asortymentowa sklepéw internetowych jest zroznicowana.
Mozliwo$¢ sprzedazy czesci wymiennych za posrednictwem Internetu stanowi atut przedsigbiorstwa.
Na tej podstawie okreslono aktualne kierunki rozwoju dzialu serwisu internetowego i sprzedazy
czesei do ciagnikow rolniczych w Polsce.

Stowa kluczowe: czgsci wymienne, ciagnik rolniczy, serwis techniczny, sprzedaz internetowa, sklep
internetowy
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aspects, i.e. impact on the condition and the satisfaction of the local
community (social impact).

Introduction

Orchard biomass coming from apple, cherry, almond, grape or olive plantations is
a significant and largely unused potential for renewable energy. The EuroPruning project
aims at turning prunings into a valuable fuel source by developing solutions for their har-
vesting, transportation and storage that will create growth in the European biofuels market
(Den Boer et. al, 2014). Usually, the legitimacy of the project/investment in Poland is con-
sidered mainly from the economic point of view. If required by legislation, an environmen-
tal analysis is performed, as well. Unfortunately, the social aspects connected with a ven-
ture are very often neglected and are not taken into consideration. It arises from the
marginalization of this aspect, whereas the acceptance by local society (and the rest of
stakeholders) seems to be crucial in terms of sustainable development of the region.

There are different analyses taking into consideration social aspects. To the most im-
portant belongs: Social Return On Investment (SROI) and Social Life Cycle Assessment
(SLCA). In the project both analyses will be done: to determine the validity and added
value of the Pruning-to-Energy (PtE) logistics chain, apart from economic and environmen-
tal aspects, social assessment studies will be performed. In this study, the PtE scenario will
be compared to three current practices: open field burning, mulching and use for domestic
heating.
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The aim of this paper is to present the strategy of the EuroPruning project focusing on
the main assumptions, the methodology to be applied and final targets which should allow
choosing the best way of pruning treatment in terms of environmental, economic and espe-
cially social aspects.

Social aspects in the EuroPruning project

All elements of the logistics chain may be analyzed also in terms of social aspects. For
example: almost every element of logistics chain can create new jobs by orchards biomass
collection, by servicing of machinery, by energy production etc. There are also negative
aspects as well, for instance a danger of accidents or pollutants emission increase by the
machineries. Social outputs are all transactions and activities coming from logistic chain
implementation (negative like injuries, and positive like job creation) which value can be
measured and expressed in Euro. According to the SROI analysis there are also other ef-
fects coming from outputs, called as “social outcomes” (see fig. 1). Social outcomes are
indirect benefits from enterprise like: integration of society among the new project, increase
of local society’s environmental awareness, improved welfare thanks to new jobs, rise of
practical skills of local community (by involving the society to new tasks and responsibili-
ties), better health (lower GHG emission), or finally higher responsibility of consumers
health and safety, because consumers and producers belong to the same local community.

job creation

g - oL
S Ly G e
#’ ¥ HARVESTING

support of
=3 local suppliers

FROM FRUIT
TREES

* Integration of society

* Increase of
environmental
awareness

* Improved welfare

* Practical skills of local
community

* Better health and
happiness

* Responsibility of
consumer health and
safety

ENERGY
PRODUCTION

common tasks for all actors (farmers, engineers, sales and
financial managers etc.). Product responsibility creation.

Figure 1. The social scope within the EuroPruning project (adapted from Dyjakon et al.,
2014)

Social aspects in the EuroPruning project will be taken into consideration within two
kinds of analysis: SROI and SLCA.
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Social Return on Investment (SROI)

The SROI analysis means the Social Return On Investment and it grew up from ROI
analysis (Return On Investment), which are quite straightforward and commonplaces within
many organizations all around the world. The SROI analysis adds to typical financial anal-
ysis another, new activities evaluated as “social value”. Social value refers to social, envi-
ronmental and economic costs and benefits taken into consideration simultaneously. By
taking these values into consideration the social impacts may be evaluated, which result
from positive or negative pressures on social endpoints (i.e. well-being of stakeholders).

The term “social impact” is defined as the consequences to human populations of any
public or private actions that alter the ways in which people live, work, play, relate to one
another, organize to meet their needs and generally cope as members of society (The Inter-
organizational Committee, 2003). The origin of Social Impact Assessment (SIA) comes
from the environmental impact assessment (EIA) model, which were first implemented in
the 1970’s in the U.S, as a method to assess the impacts on society of different projects
(Barrow, 2000). The term also includes “cultural impacts involving changes to the norms,
values, and beliefs that guide and rationalize their cognition of themselves and their socie-
ty” (The Interorganizational Committee, 2003). The common opinion about SROI is, that
this analysis could be ambiguous, while it is basing on social value, which refers to social,
environmental and economic costs and benefits. To collect all important data for a project
the impact value chain should be defined.

Based on the “Impact value chain in The Double Bottom Line” (Clark et al., 2008) the
value chain for EuroPruning was proposed and presented in figure 2.

Inputs | Activities [ Outputs 1p| Outcomes  |-pf

Activity and
goal adjustment

Leading indicators Impact

Figure 2. EuroPruning impact value chain (based on Clark et al., 2008)

Inputs includes all the elements which are put into venture (for example, machinery, lo-
gistics and know — how). Activities are venture’s primary activities, means pruning acquisi-
tion, utilisation and energy production.

Impact value chain allows to differentiate between outputs and outcomes. Outputs are
results that a company, or a project manager can measure or assess directly. Outputs could
include the number of workplaces created, saved energy or benefits of the use of renewa-
bles, associated with green energy production. Social impact indicators are specific opera-
tional outputs that can be measured by meeting their social benefit objectives.

Outcomes are the changes in society. For the EuroPruning project, desired outcomes
could be increasing i.e. the society benefits, including family support for basic commodities
and workforce facilities.

Impact refers to the portion of the total outcome as a result of the farmers and energy
producers activity. It should answer the question “what would have happened anyway” by
the alternative solution.
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Social Life Cycle Assessment (SLCA)

Social life cycle assessment is a social impact (and potential impact) assessment tech-
nique that aims to assess the social and socio-economic aspects of products and their poten-
tial positive and negative impacts along their life cycle encompassing extraction and pro-
cessing of raw materials, manufacturing, distribution, use, re-use, maintenance, recycling,
and its final disposal (Benoit and Mazijn, 2009).

There are many methodologies taking into consideration different criteria. A reasonable
and prudent choice of methodology and criteria is very important. The most popular or the
most compatible to EuroPruning project methodologies are:

Life Cycle Sustainability methodology proposed by Barthel et al. (2005),
Methodology presented by Dreyer et al. (2006),

Corporate Social and Environmental Performance described by Gauthier (2005),
Societal LCA methodology by Hunkeler (2006),

Social impacts of the production of notebook PCs by Manhart & Grieshammer (2006),
Venture capital fund by Méthot (2005),

Label 'Sustainable Development' by Spillemaeckers et al. (2004),

Sustainability SWOTs by Pesonen (2007),

9. The integration of economic and social aspects by Weidema (20006),

10. Methodologies used for ZeroWIN (ZEROWIN 2010),

11. Methodology applied by TransWaste (Transwaste 2012).

The first methodology contains a method to assess social impacts on people caused by
the activities in the life cycle of a product (Barthel at al. 2006). The next methodologies
(no. 2-5) come from development of LCA analysis, enriched by social aspects, which is
a popular method recently. An interesting position is also the sustainability SWOTs by
Pesonen basing on the popular SWOT analysis, but the most accurate methodology to the
EuroPruning project were published in TransWaste final report (TransWaste 2012). In this
work the societal Life Cycle Assessment and analysis of social impacts were studied in
order to come up with an approach to assess the social impacts of the informal collection,
transport and trade of used items. The most important step in SLCA is a proper choice of
social criteria. The social criteria are concerned with the ways in which society (and partic-
ularly farmers) would use the new logistics and renewable energy as part of their everyday
lifestyles. In described above methodologies the main groups of social criteria are:

1. Human rights.

2. Labour practices and decent work conditions.
3. Social.

1. Product responsibility.

The first group of criteria seems unimportant in EuroPruning project. Human rights are
taking into consideration problems like: non-discrimination (composition of employees
according to gender, age, disabled, part-time workers), freedom of association and collec-
tive bargaining or child labour threat, including hazardous child labour. In the project this
threats are negligible — all scenarios take place in Europe, so human rights respecting will
not change.

Much more important is the second group of criteria: labour practices and decent work
conditions. Wages, including equal remuneration on diverse groups, regular payment,
length and seasonality of work and minimum wages, benefits, including family support for
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basic commodities and workforce facilities, and finally physical working conditions, in-
cluding rates of injury and fatalities, nuisances, basal facilities and distance to workplace
will highly affect the impact.

To the social aspects evaluated during the EuroPruning project belong: development
support and positive actions towards society, including job creation, support of local sup-
pliers, general support of developing countries, investments in research and development,
infrastructure, and local community education programmes. Additionally, the local com-
munity acceptance (such as complaints from society, and presence of communication chan-
nels) and ensuring of commitment to sustainability issues from and towards business part-
ners seems to be vital, as well.

The product responsibility is hard to estimate, but it influences the social impact defi-
nitely. It is important to society the integration of costumer health and safety concerns in
product, such as content of contaminants, other threats/benefits to human health due to
product use. Fuel from biomass (prunings) should be introduced to users as a product, with
all marketing activities such as labelling, information about ingredients, origin, use, poten-
tial dangers, and side effects.

Conclusions

The increase of renewable energy production from biomass is a very important task for
European Countries in the coming years. For an reliable assessment of a new logistic chain
for the biomass from pruning residues the SROI and SLCA analysis is required. Biomass
harvesting methods, the transport, storage, and utilisation for energetic purposes influences
the society, and the main task of SROI analysis is social impact evaluation, made by impact
value chain creation.

The SLCA methodology comes from development of LCA analysis, and applies the cri-
teria in the three main groups: labour practices and decent work conditions, social, and
product responsibility.

For the project the SLCA methodology was assumed, and the most important criteria
were chosen. The next step is collection of data from evaluated localisations (Potsdam,
Bordeaux and Zaragoza) and social impact elaboration according to adopted methodology,
criteria and assumptions.

To the most important social indicators include: employment and job creation (in man-
hour per GJ of acquired energy), influence on health of the society, and product responsibil-
ity. They should refer to energy production (GWh per 1 person or GWh per hectare), to the
LCA (Life Cycle Assessment) like climate impact (GHG emissions), bioenergy policy and
finally to the micro-scale changes. The final value of all comparisons should be calculated
and expressed in Euro.
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BIOMASA Z SADU NA CELE ENERGETYCZNE: SPOSOB PODEJSCIA
PRZY OCENIE WPLYWU NA SPOLECZENSTWO

Streszczenie. Analiza i ocena wplywu spotecznych aspektow na warto$¢ inwestycji weiaz nie nalezy
do popularnych analiz stosowanych w Polsce. Jednak ustawodawstwo Unii Europejskiej oraz praktyki
z krajow wysoko rozwinigtych (w tym USA) wskazuja na zasadnos$¢ przeprowadzania takze tych
analiz. Aspekty spoleczne sa wazne z punktu widzenia rozwoju gospodarczego regionu (takze
w obszarze rolniczym) i stanowia istotne uzupelnienie analiz ekonomicznych oraz $rodowiskowych.
Z tego wzgledu, wskazniki spoleczne sa takze przedmiotem rozwazan realizowanego projektu Euro-
Pruning, ktérego zadaniem jest opracowanie nowej metody logistycznej pozyskiwania, transportowa-
nia, magazynowania i wykorzystania $cinek gal¢zi z drzew owocowych dla celéw energetycznych.
W artykule przedstawiono dwa typy analiz uwzgledniajacych wpltyw aspektow spotecznych na anali-
z¢ cyklu zycia (SLCA) oraz zwrot inwestycji (SROI). Omoéwiono metodyke badawcza oraz proble-
matyke oceny i wyboru odpowiednich wskaznikow opisujacych aspekty spoteczne w zadanych wa-
runkach.

Slowa kluczowe: biomasa, galezie drzew owocowych, produkcja energii, aspekt spoteczny, SROI,
SLCA
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Introduction

Many of the biomass fuels used today for energy production come from various sectors
(agriculture, forestry, industry, waste etc.) and are in the form of e.g. wood products, dried
vegetation, crop residues or aquatic plants. Biomass belongs to the one of the most com-
monly used renewable sources of energy in the last years. It is caused by its relatively low
cost, high availability, indigenous nature and positive influence on the environment.

The most common biomass used in households for heating and cooking is wood from
conifer and leafy trees. It leads to a considerable reduction in net carbon dioxide emissions
that contribute to the greenhouse effect. However, the intensive use of fire wood as an al-
ternative fuel may result in deforestation. The problems associated with denuding forests,
and widespread clear cutting can lead to groundwater contamination and irreversible ero-
sion patterns that could literally change the structure of the world ecology.

Therefore, other sources of wood for energetic purposes are searched that are abundant
in a wide-scale yet non-disruptive manner, since they could be implemented at a local level
by the society.
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Moreover, it is crucial that biomass, during the whole chain of its route, could be con-
verted to usable energy in ways that are more efficient, less polluting, and at least as eco-
nomical as today's practices (EU White Paper, 1997).

One of the options, beside the straw residues, is the use of agricultural residues (prun-
ings) coming from permanent plantations and orchards (Magagnotti et al., 2013; Spinelli
and Picchi, 2010; Spinelli et al., 2010): olive trees, vineyards, fruit trees etc.. The European
Union currently creates more than 25 million Mg of agricultural wood prunings each year
(Nikolaou et al., 2003), but only a marginal percentage is used as solid biofuel. It should be
mentioned, that in certain regions of the EU, the plantations with soft fruit, citrus, olives but
also vineyards cover a significant surface delivering theoretically a large energetic poten-
tial. The energy potential from pruning and cuttings in permanent crops across a Europe is
shown in figure 1.
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Source: www.biomassfutures.eu
Figure 1. Energy potential from pruning

As the practical utilisation of pruning from permanent plantations and orchards for heat
and/or electricity production is still not well recognised, an international Consortium (fig.
2) and finally European project EuroPruning has been created. The EuroPruning project
aims to turn prunings into a valuable fuel source by developing solutions for their harvest-
ing, transportation and storage that will create growth in the European biofuels market.
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Spain
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Figure 2. EuroPruning Consortium: (17 partners from 7 EU-countries: 6 research insti-
tutes, 8 small and medium enterprises, 3 other institutions, total budget: 4.6 million Euros,
duration: 38 months).

The objective of this paper is to present the strategy of the EuroPruning project focusing
on the main assumptions, the methodology to be applied and final targets which should lead
to the increase of knowledge about the possible ways of pruning treatment in terms of envi-
ronmental, economic and social aspects.

Motivation and the main objective of EuroPruning project

Agricultural residues are a potential source of renewable energy. There is already an
implemented and developed logistic chain for straw residues from annual crops (Hahn and
Herrmann, 2009; Sambra et al., 2008). Currently, in many countries, straw is a widely used
biofuel for households heating as well as for heat/electricity generation in commercial
plants. The straw market is well recognised and reached a level of stabilisation and ac-
ceptance in power engineering.

A high potential is also to be found in pruning residues from fruit tree / plant branches
and twigs. The pruning yield depends on the kind of a fruit tree, geographical location and
many other factors, but may reach even 7-8 Mg-ha™ of dry biomass having lower caloric
value of ca. 17-18 MJ -kg'1 (Velazquez-Marti et al., 2012; Bilandzija et al., 2012; Boschiero
et al.,, 2013). Unfortunately, prunings are still an almost unexploited biomass resource.
Usually, farmers along Europe chop the branches to incorporate them to soil as organic
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supplement (which involves significant costs) or pile the branches and burn them on an
open field (to avoid costs and get rid of the biomass). There are also other constraints limit-
ing the utilisation of biomass for energy purposes. As compared to herbaceous crops, fields
are more scattered in the territory and the size of plantations is smaller (imply more compli-
cated logistics), harvesting of prunings from the soil in very dense plantations (distance
between trees less than 1.7 m) is also complex and machinery cannot adapt to differential
crop layouts. Finally, there is no procedure or proven technology of prunings treatment in
terms of their use as a primary source of bioenergy.

As a result, EuroPruning project aims to take-off for an extensive utilisation of the agri-
cultural prunings for energy in Europe. The main objective of EuroPruning, therefore, is to
develop a new logistic chain including harvesting, transport and storage for woody residues
from the fruit tree cuttings (fig. 3).
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Figure 3. EuroPruning concept

To fulfil the EU requirements (European Commission, 2010) and insure the sustainable
use of prunings, the economic, environmental and social aspects will be analysed, as well.
Additionally, the project will develop new machinery for harvesting and on-site treatment
of the prunings which will fill a technology gap in the market: a modular prototype (to be
mounted on regular agricultural tractors) adaptable to different crop layouts able to pick-up
the branches, chip and store them into a trailer or to wrap them; and a baler capable to pro-
duce large bales, similar to hay and straw bales. Machinery will be able to reduce costs and
pre-treat the biomass so that the product is compatible with standard transport means. Fur-
thermore, the achieved results and findings will be supported by the demonstrations per-
formed on the permanent plantations in three different regions in Europe: Spain (Zaragoza
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region), France (Médoc) and Germany (Brandenburg region), where newly developed ma-
chines for automated pruning collection (baling) and chopping will be tested.

Research methodology and work packages in EuroPruning project

To obtain the expected targets, the project has been divided into nine work packages
(fig. 4). In addition, due to the complexity of the project there have been assessed two mod-
ules including several related work packages (WPs).

WP1 MANAGEMENT

WP2 Requirements and specifications for the value chain

LOGISTIC MODULE

WP3 Harvesting methods and machinery

‘WP6 Demonstration,

'WP4 Storage validation and
monitoring

'WP5 Integrated logistics and transport

WP7 Soil management
‘WP8 Environmental, economic and social assessment

'WP9 Business models exploitation and dissemination

Figure 4. Distribution of the work packages in the EuroPruning project

The management issues are defined and developed in WP1 (Management) in order to
ensure the project runs in the most efficient way.

Within the WP2 the analysis is focused on the assessment of the quality of agricultural
pruning residues as feedstock for energy production at each step of the supply chain using
defined criteria, like: physical-chemical properties including particles size, proximate and
ultimate analysis, ash composition, impurities content etc. (fig. 5). Quality criteria, together
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with other specifications (for example, consumer expectations) will be employed to evalu-
ate the biomass across the demonstration activities of the supply chain: harvesting, pre-
treatment, storage and transport.

FOLIAGE CONTENT
IMPURITIES
/ \ S
BULK ASH
DENSITY CONTENT
= PARTICLE SIZE BIOLOGICAL — CHEMICAL ———
DISTRUIBUTIO 4_ DEGRADATION COMPOSITION

Figure 5. The quality criteria and the relations between the exemplified parameters
of biomass

The procedure of the prunings quality control will be also applied during the demonstra-
tions activities. Finally, the data will be implemented in the logistics module considered in
the following WPs.

Next three work packages (WP3, WP4 and WPS5) are the RTD type (Research and
Technology Development) investigating different steps of the logistic chain: harvesting,
storage and integrated logistic focused on the prunings’ transport.

WP3 seeks to design, develop and build new prototypes for a sustainable and feasible
large or small scale wood pruning logistics. In this task, particular attention is paid on the
wide range of the requirements which should be fulfilled by the innovative machineries
working in the fruit trees plantations.

WP4 contains the assessment of proper management of agricultural prunings storage
and proposition of best practices regarding length of windrowing and adequate particle size
under certain climate conditions. This data will encourage possible market players of the
logistic chain to enter the bioenergy market with a product of high quality.

Based partially on the results obtained during the earlier steps of the investigated pro-
cess, in WP5 the development and implementation of innovative logistics tools in order to
optimise environmentally and economically efficient and effective handling of prunings
along the whole value chain will be elaborated. It should be marked that the organisation,
management, handlings, storage, packaging, transport, and other associated information
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will flow in both directions (from producer to consumer and the other way). In addition, the
financial flow will be implemented in that phase of the project. The traceability for moni-
toring from the fruit tree orchard (or other permanent plantation) to the final consumer will
be performed to control and guarantee the quality of the prunings.

A substantial part of the project is WP6 including the demonstration phase. The role of
this practical demonstration is to validate and monitor the processes of prunings harvesting,
treatment as well as prototype machineries operation in real conditions. Moreover, in order
to measure the different impacts of the new logistic, an economic and environmental mod-
ule will be implemented (see fig. 4). The demonstration will take place in three areas across
the Europe which are distinguished by varying local climates: Oceanic, Continental and
Mediterranean (fig. 6).
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Figure 6. Biogeographic regions in Europe (EEA, 2011)

The selected site is the area of Médoc, near Bordeaux, in South-West France is an Oce-
anic climate. The area of Postdam, in North-East Germany, represents the continental cli-
mate prevailing in countries of Central Europe (Czech Republic, Poland, Hungary, etc.).
The third location (Zaragoza in North-East Spain) represents the Mediterranean dry climate
(typical of inlands in Spain). The practical results, the pilot-scale real operation demonstra-
tions of EuroPruning are intended to show to farmers, logistic operators and companies of
the energy sector along Europe that the use of the agricultural prunings is feasible, econom-
ic viable and profitable for large scale (Spanish demo site) and small scale (French and
German demo sites) supply chains.

WP7 concerns soil management. The research to be performed in the demonstration ar-
eas are focused on the analysis of the influence of wood prunings on the composition of soil
organic matter. It is important to determine, how much pruning should be left on the soil as
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a source of mineral matter. It helps to avoid the need of extra fertilisation and to maintain
the mineral balance in the agricultural system. If there is an excess of the prunings, they
may be collected and allocated for energy purposes.

The results obtained in previous work packages will be subsequently analysed in terms
of the environmental, economic and social aspects (WPS). It enables to evaluate the poten-
tial of the whole logistic chains investigated in the project and their application in Europe.
The positive and negative effects or implications of the logistic chain will be identified in
WP8. Moreover, the best logistic chains in terms of economics and environmental issues
will be proposed, as well as their adaptability to different social contexts. Finally, the ca-
pacity of prunings to promote sustainable practices and development in rural areas will be
discussed. By using different tools, LCA (Life Cycle Assessment), LCC (Life Cycle Cost-
ing) and SROI (Social Return of Investment) analysis will be performed.

Finally WP9 is oriented to dissemination actions towards the key players of the value
chain and the general public as well as development of business plans for all major typical
logistics supply chains. At the end, WP9 will provide recommendations for market uptake
for each stakeholder as part of the exploitation plan.

Expected results and specific outcomes

The project outcomes (grouped into certain issues) are expected to be:
a) prunings properties as a fuel:

—identification and assessment of the specifications and properties of biomass from ag-
ricultural pruning residues,

—selection of the appropriate methodology for sampling and testing of quality parame-
ters, and its implementation on the demo sites,

—assessment of the quality of pruning residues as feedstock for energy production at
each step of the supply chain,

—identification and definition of the specifications of the final users at each demonstra-
tion site,

—elaboration of the guidelines and best practices for evaluating pruning residues along
the whole value chain, taking into consideration geographical variations and end user
demands.

b) harvesting methods and machinery:

—costs reduction for prunings harvesting up to 50% without affecting the quality and
life cycle of the plant,

—analysis and evaluation of the current harvesting methods according to the guidelines
and specifications for the biomass quality for harvesting,

—mapping of the EU27 pruning potential,

—improvement of the current harvesting methods regarding environmental impacts,
prunings quality and economics,

—design and construction of a tested prototype of a complete new baler machine for
branches from pruning residues,

c) transport and integrated logistics:

—reduction of prunings transport costs up to 30% by providing decision making tools to

logistic operators,
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—design and implementation of logistics tools in order to optimise environmentally and
economically the transport of the pruning among the whole value chain,

—definition and development of the traceability systems on the pruning logistic to
assure the quality,

—development and testing of a new Smart Box tool under real conditions for optimising
logistics,

d) storage of biomass from prunings:

—testing and monitoring of the storage of prunings under real conditions in large piles,

— definition of best practices for open air storage regarding to environmental, economic,
safety and biomass quality concerns,

e) soil management:

— definition, depending on the soil conditions and crop requirements, the amount of
pruning to be left on the field as amendment,

—development and definition of a protocol and methodology for soil management anal-
ysis,

—monitor the impact on the soil of the demo-sites,

f)  demonstration on the field and validation:

— testing under real conditions the developments and results of the project,

—analysis of samples obtained during the test on field to validate and optimise the de-
velopments of the project,

g) impacts assessment:

— definition of a methodology and measurements of the economic impact of the imple-
mentation of the results in the market,

— determination of logistics cost in the whole value chain of biomass,

— definition of a methodology and measurement of the environmental impact of the im-
plementation of the results,

— assessment of the social impact of the results of the project,

h) business models and exploitation:

—review of the current market trends on biomass,

—development of the exploitation plan including: valorisation, SWOT analysis, exploi-
tation roadmaps and value innovation analysis of individual projects results,

— definition of business models for market take-up and safeguard the value of the pro-
ject results,

i)  dissemination:

—assurance of the effective branding of EuroPruning and dissemination of key results
targeting farmers, policy makers, authorities, non-governmental organisations
(NGOs), investors, professionals, land owners and researchers,

— dissemination of results including advices for policy makers, focusing on measures to
implement the improved new logistic chain of prunings,

—dissemination of results of an environmental, social and economic analysis among
stakeholders and users,

— creation of the possibility for EuroPruning continuity beyond the end of the project, in
order to attain the full potential impact.
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Final conclusions

The increase of biomass potential allocated for decentralised and local energy produc-
tion, especially amongst the agricultural residues, is still a very important task and chal-
lenge for European Countries in the coming years. Therefore, more and more attention is
paid to the agricultural sectors that have not been yet investigated in respect of their utilisa-
tion as a source of solid biofuels. The prunings coming from orchards and permanent plan-
tation are good example of this strategy. It led to the creation of the EuroPruning project
supported by the European Commission.

The overall objective of the EuroPruning project is to develop and demonstrate a non-
existent, new logistic chain for the biomass from pruning residues. The logistic chain in-
cludes the harvesting methods, the transport and the storage of the biomass. Furthermore,
the quality of the biomass, the cost effectiveness of the processes as well as the environ-
mental and social impacts will be taken into account.

To achieve this global objective, the following main specific targets were defined:

— assessment of fuel quality properties for pruning biomass related to the final con-

sumer expectations and energy production,

— improvement of the harvesting methods and machinery development,

— transport and integrated logistics development,

— determination of optimal storage conditions of prunings,

— soil management analysis to define the optimal amount of prunings for energy

purposes,

— demonstration and validation of the prunings-to-energy strategy under real condi-

tions,

— 1impacts analysis of the whole logistic chains in terms of environmental, economic

and social aspects,

— structure and definition of business models and other supporting tools introducing

prunings to the biomass energy market.
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EUROPRUNING - NOWY KIERUNEK WYTWARZANIA ENERGII
Z BIOMASY

Streszczenie. Jedna z mozliwosci zwigkszenia potencjalu biomasy na rynku energetycznym jest
wykorzystanie odpadéw rolniczych w postaci galgzi ze $cinek drzew sadowniczych (drzew owoco-
wych, winnic, drzew oliwnych i innych roslin korzennych). Zagadnienie pozyskiwania tego typu
biomasy dla celow energetycznych w Europie nie jest w pelni rozwinigte i wicle aspektow wymaga
nadal zbadania i/lub rozwiazania. Efektem tego jest projekt EuroPruning realizowany w ramach
7 Programu Ramowego ukierunkowany na rozwdj nowej i ulepszonej metody logistycznej dla tego
typu biomasy. W artykule przedstawiono gtéwne cele i zalozenia projektu EuroPruning. Oméwiono
metodologi¢ oraz zakres prac badawczych zwiazanych z pozyskiwaniem, transportem i magazyno-
waniem takich odpadow rolniczych i uwzgledniajacych aspekty srodowiskowe, ekonomiczne i spo-
leczne.

Stowa kluczowe: biomasa, $cinki gatgzi, sad, produkcja energii
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students. The results confirmed the positive opinion of the respondents

about the advisability of using a computer program for education
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atory classes various forms of knowledge transfer should be com-
bined. Students in a large majority show interest in the choice of
materials for the products of everyday use. In contrast, they are afraid
of or do not have an opinion on using software in English.
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Introduction

Motivation to undertake actions aiming at increasing the attractiveness and improve-
ment of knowledge acquisition on engineering materials included reduction in the number
of teaching hours and deteriorating teaching results in the subject "Materials Science"
among the students majoring in Agricultural and Forestry Technique and Production Man-
agement and Engineering of the University of Life Sciences in Lublin. The actions of pre-
vious authors while teaching students Materials Science at various majors of the Univeristy
of Life Sciences allowed developing a specific, different than the one applied on technical
universities, methodology of teaching, adjusted to present conditions, to the level of stu-
dents and time possibilities (Grudzinski, 2006). Research carried out by Kozielska and
Kern (2011) proved that computer-assisted education on the university level develops imag-
ination and creativity of students of technical universities. It was recognized that according
to the trend prevailing in teaching, which consists in teaching many perception channels of
a human being (sight, hearing, kinesthetic) (Kozielska, 2012) enabling students the use as
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a supplementation of laboratory lessons, information technologies based on computer simu-
lations, would be purposeful. Garcia et al. (2007) think that teachers' attempts aiming at
making lessons more attractive along with development of information technologies offer
new, more attractive and effective form of learning. Students who can choose between
a traditional blackboard and chalk, a multimedia presentation and animation, prefer com-
bining two or three media. Interactivity is the most important asset of multimedia teaching
(Lieu, 1999).

Cambridge Engineering Selector — CES EduPack developed in the University in Cam-
bridge is the most popular program which supports teaching material engineering world-
wide including 12 universities in Poland. This program is based on the hierarchical manner
of selection of material to specific applications, enables learning on various levels of edu-
cating material engineering (Granta Materials Intelligence, 2014). Using it requires basic
skill of computer operation and English knowledge on the beginners’ level.

Research methodology

The objective of the paper was to check students' motivation and predisposition to la-
boratory classes during which the source of knowledge on materials was a computer pro-
gram CES EduPack in English.

Investigation carried out with a guided survey in 2013 included the group of 81 students
of the 2nd semester of the regular first degree studies at the Agricultural and Forestry Tech-
nique [AFT] (21% of the investigated persons) and Production Management and Engineer-
ing [PME] (79% of the investigated) majors at the University of Life Sciences in Lublin.

An anonymous questionnaire comprised 17 closed, half-open and directed questions.
The questions concerned students' motivation to learning on engineering materials, their
acceptance to the use of information technologies during classes, subjective assessment of
English knowledge and computer skills, some personal data and verification of knowledge
on basic computer skills.

Research results

In the respondents group women constituted 24% at the AFT major and 45% at the
PME major. While choosing the major, 47% of AFT students took into consideration their
interests. Bzowska-Baklarz and Pieczykolan (2006) as well as Falinska and Bieniek (2009)
obtained similar results. Among the remaining part of respondents not being qualified to the
originally chosen major the possibility of finding attractive job after graduation was deci-
sive in the selection of the major. Among the AFT students, 8% were guided by their inter-
ests and 52% by the possibility of finding attractive workplace after graduation.

After the educational reform, the number of students graduating from vocational
schools, particularly technical secondary schools, decreased; mostly they are graduates of
general secondary schools (Falinska and Bieniek, 2009). The investigation which was car-
ried out proves these relations, because over 76% of the investigated persons completed
a general secondary school.

Each year, the number of students of life sciences universities, who have access to
a computer with Internet raises (Sotowiej et al., 2007; Lorencowicz and Kocira, 2009,
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2010, 2012). Among the AFTstudents - 100% and among the PME students - 97% of the
investigated in 2013 had access to computers and the Internet in the place of residence.

The AFT students (70%) and PME students (64%) assess their computer skills within
the scale 1-5 as 4 or 5 respectively (fig.1).

60% -
309% ‘
40%

30% - u AFT

20% - PME
- l I I
0%
1 2 3 4 3

Assessment

Percentage of students

Figure 1. Assessment of computer skills declared by the students.

Verification of declarations of the questioned persons on computer skills degree, was
carried out based on answers to the following questions:

1.Which set of file types is characteristic for computer graphics files?

2.Which address of the Internet website is incorrect?

3.How to change a font for the text fragment into a bold one?

Four answers: a, b, ¢, d could be chosen. The lower number of correct answers was giv-
en to the question 3-13% of students of the AFT major and 38% of the PME major
(fig. 2). These results are surprising, because 91% of the investigated persons (Lorencowicz
and Kocira, 2009) uses MS Office packet in studying and 83% assesses their word proces-
sor skills as very good (Sotowiej et al., 2007). As much as 75% of the questioned answered
correctly to the remaining questions, which cannot be recognized as a satisfactory result in
the light of common use of the Internet and computer graphics by adolescents.

Majority of the questioned students (78% of respondents) thinks that using computer in
laboratory lessons raised their activity (fig. 3). Additionally, over half of the investigated
persons thinks that the most attractive form of carrying out laboratory lessons on the Mate-
rials Science is combining various activity forms, i.e. own work, group work, presentation
of educational films, joined calculations, copying micro-structures presented by a lecturer.
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Figure 2. The correct answers to the questions concerning computer skills
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Figure 3. The positive impact of computer use in the laboratory classes for their attractive-
ness in respondents’ opinions

It was found out that students show interest in issues related to selection of materials, espe-
cially to goods, which they use or which are related to their hobby. For example, over 80%
of respondents would like to know with the use of a computer program, which factors de-
cide on the selection of materials for cell phones casings (fig. 4).
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Figure 4. The results of students interest of the choice of materials for the casing of mobile
phones with the help of a computer program
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Figure. 5. Declaration of desire to participate in activities in which the source of
knowledge about materials would be a computer program in English
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Only 1 student of the AFT major would wish to take part in lessons, during which
a computer program in English would be a source of knowledge. Among the PME stu-
dents, 41% respondents expressed their wish to participate in lessons and 45% - would not
like to take part in such lessons (fig.5).

Students' fears are related to poor, in their opinion, English skills. The AFT students
(65% ) and the PME students (77%) assess their English skills as 1 to 3 (fig. 6).

60% -
30% -
40% -
30% -

BAFT
20% -+ PME

Percentage of students

10% -

0% S

1 2 3 4

(]

Assessment

Figure 6. Subjective assessment of English language proficiency

Conclusions

The analysis of answers to the questionnaire shows that students of the first year of
the AFT and PME majors of the Faculty of Production Engineering feel the need to use IT
as a supplementary means for the knowledge acquisition on laboratory lessons on the Mate-
rials Science. They are interested in engineering materials properties and possibilities of
their application to modern uses.

Results of a survey compared with results of such research carried out a few years ago
prove the increase of availability of computers with Internet access; however, the answers
to the questions that verify the abilities to use the program by students were not satisfacto-
ry. It proves the necessity to implement changes in teaching programmes, which aim at
increasing the number of activities in informatics and foreign languages, which had been
alarmed earlier in the research on opinions of graduates of the University of Life Sciences
in Lublin (Bzowska-Baklarz and Pieczykolan, 2005).

Students fears mostly concern their English skills and working on a computer program
in foreign language. It concerns mainly AFT students. The questionnaire did not include
questions verifying English skills of respondents, therefore it is difficult to verify students'
opinions on a low level of this skill. Previous authors' experience related to demonstration
of a film in English prove their full teaching usefulness, but only after informing students
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on the subject of a film, providing the meaning of more important technical definitions,
pausing a film in more important places and explaining phenomena presented in these mo-
ments. Thus, before implementation of teaching software it is very important to properly
prepare students for lessons and use detailed activity instructions. On account of very poor
results of the questionnaire on English skills, next research among respondents is planned
with the use of a demonstration program CES EduPack.
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ANALIZA MOTYWACJI I PREDYSPOZYCJI STUDENTOW
DO WPROWADZENIA OPROGRAMOWANIA EDUKACYJNEGO
CES EDUPACK PRZY NAUCZANIU NAUKI O MATERIALACH

Streszczenie. Celem pracy bylo sprawdzenie motywacji i predyspozycji studentow Wydziatu Inzy-
nierii Produkcji Uniwersytetu Przyrodniczego w Lublinie do uczestniczenia w zajgciach laboratoryj-
nych z przedmiotu Nauka o Materialach wspomaganych programem komputerowym Cambridge
Engineering Selector — CES EduPack w jezyku angielskim. Czynnikami warunkujacymi celowos¢
jego zastosowania dla studentow pierwszego roku studiow byly: poziom umiejetnosci obstugi kompu-
tera, zainteresowanie studentow problematyka doboru materiatow oraz znajomo$¢ jezyka angielskie-
go, w ktorym obstuguje si¢ program. Badanie ankietowe zawierato 17 pytan. Ankiet¢ wypehiato 81
studentow. Wyniki badan potwierdzily pozytywna opini¢ respondentéw o celowosci wykorzystania
programu komputerowego do zaje¢ dydaktycznych. Ponad potowa badanych uwaza, ze w trakcie
¢wiczen nalezy taczy¢ rozne formy przekazu wiedzy. Studenci w duzej wigkszosci wykazuja zainte-
resowanie doborem materialdow na wyroby codziennego uzytku. Natomiast obawiaja si¢ lub nie maja
wyrobionej opinii na temat wykorzystania programu w jezyku angielskim.

Stowa kluczowe: materiatloznawstwo, oprogramowanie edukacyjne, ankieta
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Article history: Renewable energy constitutes an effective tool in the struggle with
Received: May 2014 a danger of global climate warming. The next solution in this fight is
Received in the revised form: development of the construction of combustion engines and exhaust
September 2014 gas purification systems such as new catalysts and particulate filters

Accepted: September 2014 (DPF). The paper presents the author’s own research results of the

measurement of toxic components of exhaust gas emission, in particu-
Keywords: lar (NOx and PM) in delivery trucks which meet the requirements of

engine environmental protection Euro 4, which were propelled with diesel oil
jg;lF flter — petroleum — derived and with biofuel B10. The above vehicles were

NEDC tost operated in a horticultural farm. Measurement of toxic components
emission NOx and PM from the operated vehicles was carried out
pursuant to the European standards i.e. the New European Driving
Cycle with the use of a dynamometer Schenck 500G S60. The obtained
results proved that the efficiency of the particulate filter and the
operation of the catalytic converter for both types of fuels were com-
parable

Introduction

Significant changes of the structure of combustion engines of the automotive industry
and agricultural sector within the last decade is an aspect which is related to natural envi-
ronment protection. At the constant increase of the number of vehicles and farm tractors,
the process of consequent and intelligent purification of exhaust gases seems to be indis-
pensable. The EURO standards introduced by the European Union force taking up more
and more radical steps in order to limit emission of toxic components of exhaust gases, in
particular particulate matter (PM) by drive units equipped with the self-ignition engines.

Meeting the future requirements of EURO 6 (presented in table 1) will require the use
of new technologies and modern solutions concerning construction of drive units, including
advanced methods of controlling the combustion process and modern fuels and additional
packets, which refine these products (Jakobiec et al., 2008a; Jakobiec et al., 2008b.) In case
of engines of non-road vehicles, which include machines and farm tractors, diversification
of operational conditions and limits of emission of toxic components of fumes determined
with standards Stage IITA and Stage IIIB is significant. Diversification of approval tests,
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during which measurements of emissivity of road vehicles are carried out. Emission stand-
ards for non-road vehicles refer to the regulations included in the Tier standards (EPA Non-
road Regulation USA): 40 CFR 89; 40CFR1039; 40 CFR 1068) with the European refer-
ences in the EU directive - EU-Nonroad Directive 97/68/EC (2004/26/EC). In case of farm
tractors, measurements of emissivity are carried out in the determined steady state cycles
(WOM) as ISO 8178, ECE R49, ESSC (European Steady State Cycle).

Table 1
Border values of emission of Euro standards for self-ignition engines
C Date: Test CO HC NOx PM Exhaust NH;
) (gkWh") (gkWh") (gkWh') (gkWh') smoke (m') (mgkg")
1992, <85
fure W ECE 4.5 1.1 8.0 0.612
1992,>85 R-29
KW 4.5 1.1 8.0 0.36
Euro 11 1996.10  ESC & 4.0 1.1 7.0 0.25
ure 199810 ELR 4.0 11 7.0 0.15
1999.10,
Furo tylko EEV 1.5 0.25 2.0 0.02 0.15
1 2000.10 2.1 0.66 5.0 00'1130* 0.8
Euro ESC &
v 2005.10 ELR 1.5 0.46 3.5 0.02 0.5
0.02
Euro V. 2008.10 1.5 0.46 2.0 0.02 0.5
5‘1‘“’ 2013.01 1.5 0.13 0.5 0.01 10

"For engines of swirl volume per a cylinder below 0.75 dm® and rated speed exceeding 3000 m’'

Source: Stanik and Jakobiec, 2012

Mechanism of formation of particulate matter emission

Particulate matter means products coming out of the exhaust system of the engine (self-
ignition) of liquid or solid state which include particular number of carbon particles, sul-
phur and nitrogen, metals and heavy hydrocarbons. A typical form of the particulate matter
was presented in figure 1, whereas a percentage participation of various components which
form particles and their agglomerates are presented in figure 2.

The increased participation of light fractions in the diesel oil influences the decrease of
its viscosity, affecting thus the improvement of the combustion process effectiveness. Pres-
ence of fractions with a high temperature of boiling (value of temperature of de-distillation
of 90 and 95% fuel and temperature at the end of distillation) causes the increase in the
emission of particulate matter and increase in the exhaust smoke, but does not decrease the
content of nitric oxide.
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77 Soluble parts from oil

I soluble parts from fuel

B Metals

B Sulphates 12,1%
B Other 2409,

22,4%

40,1%
Source: Jakobiec, 2012 Source: Jakobiec, 2012

Figure 1. Typical particulate matter of PM  Figure 2. Percentage share of various
emission components of particulate matter emission
(PM)

Presence of the heavy fractions also indirectly influences emission, because carbon de-
posit is more easily formed on sprayers' ends and the combustion chamber. The carbon
deposit changes the course of the combustion process leading to deterioration of its effec-
tiveness, increase of the emission of the non-combusted hydrocarbons, carbon monoxides
and the particulate matter. Density of diesel oil plays a significant role in shaping the emis-
sion of the particulate matter (fig. 3).

PM emission (g km™)
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Source: Jakobiec, 2012

Figure 3. Relation of emission of particulate matter to density of diesel oil - a self-ignition
engine direct injection charged with cooled air
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It should be emphasised that emission of particulate matter is related to the combustion
of hydrocarbon fuels and FAME biofuels in varied conditions determined with the injection
process and phases of fuel combustion. Intense works tend in the direction of knowing the
mechanism of formation of the particulate matter emission and their limitation. Motor oil,
in particular a type of the base (physical and chemical properties) and the use of perfor-
mance chemicals play a significant role in the process of formation and composition of the
PM. Moreover, conditions of the engine operation play a significant role, where at low
rotational speed and low load, non-combusted engine oil constitutes high percentage partic-
ipation in the composition of the formed PM (Dowling, 1992). It is related to a low temper-
ature of combustion of the load in the engine chamber, which influences incomplete com-
bustion of oil which gets there. With the increase of the engine load, and thus the increase
of the temperature in the combustion chamber of the engine, combustion of oil takes place
in a more complete manner and participation of oil in the composition of the formed PM
decreases (Stgpien and Oleksiak, 1992). The increase of the rotational speed shortens the
time of oil formation in the combustion zone of the engine, which caused incomplete com-
bustion of oil and increase of the participation in the composition of the formed particulate
matter (PM).

Methods of reduction of the particulate matter (PM) emission

Reduction of the particulate matter emission from self-ignition engines is one of the
most difficult problems which lead to development of the particulate matter filter (DPF)
(Mayer, 2001; Blanchard et al., 2002). Considerable progress has been made concerning
improvement of the construction solutions on various planes of the DPF regeneration pro-
cesses due to the advanced systems of Common rail fuel injection and also through devel-
opment and spreading of new materials for filtration monoliths such as silicon carbide,
ceramic metals (including aluminium - titanic filters) along with development of additives
for FBC fuels (Stgpien and Oleksiak, 2009).

The most popular solution of passive regeneration of the DPF filter is electronic control
of fuel injection at the use of the Common Rail system (Rokosch, 2007). The concept of
natural regeneration (without catalytic support) of the particulate matter filter (DPF) may be
carried out within temperatures ranging from 600 to 700°C of initiation of the carbon black
oxidization process. Support of regeneration with the use of covering walls of the filtration
monolith with the layer of catalyst - usually a platinum one, decreases temperature of car-
bon black oxidization to approx. 400°C, whereas by the use of the additives FBC (Fuel
Born Catalyst) type, the temperature may be reduced to approx. 300-500°C. Catalytic im-
pact of ash additives (organic in particular) on oxidization (afterburning of particulate mat-
ter) PM is very well documented in the literature (Eastwood, 2000; Novel-Cattin, 2000).

The basic assumption of passive regeneration of the DPF filters is lowering the tempera-
ture of carbon black oxidization to the level, which is obtained by exhaust gases in condi-
tions of operation. Additives for fuels, which contain metals, constitute catalytic structure
for carbon black oxidization (Bllom et al., 1997; Daly et al., 1993). Presently, the most
popular additives for fuels which are used for support of the regeneration process DPF are:
Fe, Ce, Mn, Zn, Pt and Cu. To sum up the issue of the FBC additives with catalytic activity,
the basic requirements, which have to be met, should be emphasised:
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— initiation of the DPF regeneration must include the temperature of exhaust fumes in the
exhaust system of an engine which results from the engine structure as well as from the
manner of its operation;

— regeneration of the filter must take place completely and evenly in its full volume - too
high local increase of the temperature will cause defects of materials, of which the filter
is made;

— ashes from burning of the additive should not chemically damage the material, of which
DPF monolyth is constructed i.e. ceramic body and its metal casing;

— products of the combustion process of the FBC additives and ashes accumulated in the DPF
filters should not generate secondary emission of exhaust fumes components i.e. NO,,
furans, dioxines, PAH (polycyclic aromatic hydrocarbons) and other gas components.

Evaluation of the process of passive regeneration of the DPF filter of a delivery vehicle

Research included measurement of the particulate matter emission and concentration of
nitric oxides (NOx) in delivery trucks used in the horticultural farm. The vehicles had the
same type of an engine of 2.0 dm’ displacement equipped with the Common Rail injection
system and the particulate matter filter (DPF) of the exhaust gases purification system
which meets the requirements of Euro 4. Three vehicles were used in the research including
one which was propelled by diesel oil and the remaining two with B10 biofuel. Measure-
ments were carried out after the following mileage: 10,40, 80 thousand km with the use of
a dynamometer SCHENCK 500g s60 according to the European NEDC (UDC+EUDC)
presented in figure 4.
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Figure 4. European driving cycle NEDC (UDC + EUDC)

During the research each time the analysis of the operational parameters of the engine
with a diagnostic device was carried out, mainly in order to check a degree of regeneration
of the particulate matter filter (DPF) and changes of of correction of fuel doses in the CR
system for the needs of determination of the technical condition features change of particu-
lar engine cylinders and technical condition of the electromechanical injectors of the 2nd
generation. An exemplary list of the selected working parameters (table 2) for the correct
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scope of the Smooth Running Control - SRC along with the record of the regeneration
condition DPF can be read out with the use of the external diagnostic testing device. Mod-
ern filters of the particulate matter which use ceramic filtration monoliths of Cordieryt type,
SiC or Sintermetal characterize with efficiency reaching 95-99% in the scope of total mass
of stopped PM, including 95-99.9% concerning stopping particles of elementary carbon
(carbon black) and 60-90% concerning decrease of SOF emission (Soluble Organic Frac-
tion) and 50-70% of limitation of the WWA amount (Automotive Division, 1999).

Table 2

Exemplary list of the selected working parameters of the engine during the diagnostic pro-
cess OBD II

Control parameter Measured value Nominal value

1 The scope of rotations: up to

Rotational speed 830 rot'min” 1.500 rot-min”
Correction of a dose 96% 104% Admissible deviation 20%
Cylinders injectors 1, 2, 3, 4 109%  92%

Difference of pressures for DPF 34 hPa 230 hPa
Atmospheric pressure 980 hPa 600-1080 hPa

Mass intensification of air flow 280 mg-cycle™! 300 mg-cycle’!
Charging pressure 106 kPa Value of reference 100 kPa
Dose of injection 7.2 mg-cycle! 6.8 mg-cycle”

Research results acc. to the European test NEDC (UDC + EUDC) was presented in fig-
ure 5 and 6.
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Figure 5. Average concentration of nitric oxide (NOx) in the European test NEDC (UDC +
EUDC) for the researched delivery trucks propelled with diesel oil and biofuel B10 during
operation
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Figure 6. Average concentration of particulate matter emission in the European test NEDC
(UDC+EUDC) for the researched delivery trucks propelled with diesel oil and biofuel B10

Conclusions

The obtained results allow formulation of the following conclusions:

1. Deterioration of catalytic converter operation efficiency with regard to the concentra-
tion of nitric oxide (NOx) for both fuels was reported, where in case an engine was
propelled with diesel oil it was approx. 19.5%, whereas for B10 biofuel it was respec-
tively approx. 38.5% and 22.1%.

2. Results obtained in vehicles propelled with biofuel B10 were comparable and slight
difference may be assigned to slightly different conditions of operation.

3. Efficiency of the particulate matter filter for both fuels was comparable and was on
a high level above 95%.

4. In the vehicle propelled with diesel oil after mileage of 80 thousand km, blockage of
particulate matter filter caused by human factor (exceeding the conditions of vehicle
operation) was reported.
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CZYNNIKI WPLYWAJACE NA EMISJE CZASTEK STALYCH ORAZ
METODY ICH OGRANICZENIA

Streszczenie. Energia odnawialna stanowi skuteczne narzedzie w walce z niebezpieczenstwem glo-
balnego ocieplania klimatu. Kolejnym rozwiazaniem w tej walce to rozwodj konstrukcji silnikow
spalinowych i uktadéow oczyszczania spalin jak nowe katalizatory i filtry czastek statych (DPF).
W pracy zamieszczono wiasne wyniki badan pomiaru emisji toksycznych sktadnikow spalin zwtasz-
cza (NOx i PM) w samochodach dostawczych spetniajacych wymagania ochrony $rodowiska Euro 4,
ktére byly napedzane olejem napgdowym (ON)- paliwo ropopochodne i biopaliwem B10. Powyzsze
pojazdy eksploatowano w gospodarstwie sadowniczym. Pomiar emisji toksycznych sktadnikow NOx
i PM z eksploatowanych pojazdow przeprowadzono wedlug standardow europejskich tj. europejskie-
go cyklu jezdnego NEDC z wykorzystaniem hamowni podwoziowej typu Schenck 500G S60. Uzy-
skane wyniki wykazaly, ze sprawnosc¢ filtra czastek statych oraz pracy reaktora katalitycznego dla
obu rodzajow paliw byly porownywalne.

Stowa kluczowe: silnik, paliwo, filtr DPF, test NEDC
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Introduction

Combustion of fossil raw materials is a basic energy source in the modern world. Re-
sources of these raw materials are limited and, according to the estimations, petroleum will
suffice for approx. 50 years, whereas hard coal for 200 years (Szecowka, 2009). Thus,
undertaking research on biomass from agricultural land as a renewable energy source is
justified. Perennial energy crops in our country in 2010 occupied only 0.05% of the area of
agricultural lands i.e. approx. 10,200 ha. Shrubby willow prevailed on the area of approx.
6,160 ha. According to the forecasts in 2020, in Poland, from 1.0 to 4.3 million ha of main-
ly poor soils of rye complexes will be designated under the crops of perennial energy plants
(Czarnocka et al., 2012). Also multiflora rose, which does not react with a significant de-
crease of the crop-yield at the cultivation on light soils, is predisposed for plantings on
these soils (Kie¢ et al., 2011). One of the forms of adjusting a multiflora rose to stress con-
ditions which occur on light soils is a bio-stimulation of cuttings with a laser beam. Laser
stimulation as well as magnetic field stimulation (Podle$ny, 2004) or microwaves stimula-
tion (Jakubowski, 2007) or an electric field stimulation (Marks, 2005) belong to the group
of physical methods of stimulating seeds and germination material to better growth and as
a consequence better yield. Works on the use of laser stimulation for the increase of cultiva-
tion plants yield was started in the 60s of the last century in the University in Almaty



K. Klima, J. Kie¢, A. Lepiarczyk, A. Synowiec

(Injuszin et al., 1981). Koper (1994) and Koper et.al. (1997) have started a pre-sowing
stimulation of seeds with laser beams. In the contemporary publications, results indicating
a positive impact of radiation with laser beams on the potato tubers yield and flax seeds
yield may be found (Dobrowolski et al., 1996). The review of the national and world litera-
ture shows that so far no research over the use of laser beams on the biomass yield of the
above-ground parts of multiflora rose used for energy purposes have been undertaken.

The objective of the paper was determination of the impact of laser beams radiation of
cuttings on the yield of fresh and dry mass of the above-ground parts of multiflora rose.

Material and methods

A one-factor field experiment in four replications was carried out in 2009-2013 in the
randomised-blocks design in the Experimental Station of the Department of Agrotechnolo-
gy and Agricultural Ecology of the University of Agriculture in Cracow located in MydIni-
ki next to Cracow (50°05° N, 19°51" E). A single experimental plot had the area of 10 m’.
The impact of two doses of radiation of cuttings with laser beams on the yield of fresh and
dry mass of multiflora rose of Jatar variety was researched.

Irradiation of multiflora rose cuttings was carried out in 2009. Medical Laser D 68-1
emitting red light with the waves length of A 672 nm and power 20 mW was used. Two
times of interrupted exposition a) 3x3 seconds, and b) 3x9 s. were applied. The radiated
cuttings were planted in spring 2009 in the spacing of 70x70 cm on the fluvioglacial brown
soil of classified based onj the particle size-as loamy sands. The content of available forms
of phosphorus and potassium was low, reaction was slightly acid (pH in KCI 5.93). No
mineral, organic or natural fertilization nor chemical plant protection was applied. Due to
weak growth of the rose biomass, the the first yield was harvested in winter 2013 for
4-year growths.

A fresh mass yield and the content of dry mass were determined (in 105°C), and heat of
combustion and the calorific value were measured according to Polish Norm PN 81/G
04513 pursuant to DIN 51731 in the calorimetric bomb AC-350. The ash content was de-
termined with a weight method — Polish Norm PN-G-04512. The carbon and hydrogen
content was carried out with the Shefield method — Polish Norm PN-G-04521, the total
sulphur content was determined with the combustion method in high temperature — Polish
Norm PN-ISO 351.

The obtained results were statistically analysed with the use one-factorial analysis of
variance (ANOVA) for the design of randomised blocks, where the period of irradiation
was a factor (two levels). Significance of differences between the mean values was estimat-
ed with Tukey's test at the level of significance P=0.05.

Results and discussion

Treatment with laser beams did not cause differentiation of fresh mass yield of multiflo-
ra rose. Only tendency to higher by 4% yielding at a higher dose of irradiation with laser
beams occurred (fig. la). The analysis of variance proved simultaneously significantly
higher yield of dry mass on objects (plots) treated with laser radiation (fig. 1b) in compari-
son to control, by 0.66 t ha™ for a lower radiation dose and by 1.42 t-ha™! for a higher radia-
tion dose. It was caused by a higher accumulation of dry mass per unit and simultaneously
by lower water content in biomass formed from cuttings radiated with a laser in comparison
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to the control object (field) (fig. 2). Rose shoots treated with a longer time of laser beams
radiation were characterized by significantly higher dry mass content (by 3.1%) compared
to the control.

The results obtained in the research are similar to the results of laser radiation of energy
willow cuttings, where the increase of dry mass content in the willow leaves was reported
(Jakubiak and Sliwka, 2009). According to Karu (1990) bio-simulation of plants with laser
light results in absorption of radiation energy quantum by photoreceptots, which consist in
cell organelles and active biological compounds. Laser radiation particularly stimulates
enzymes which are responsible for cycles of energy changes in cells, which influence the
synthesis and utilization of ATP (Cenian et. al., 2005). In the development cycle of plants,
it shows usually in the form of speeding earlier growth stages and with the increased re-
sistance to stress factors such as e.g. salinity (Dobrowolski et al., 2012; Jakubiak and Sli-
wka, 2006). A positive effect of physical stimulation may be observed in the later growth
stages — plants are higher, have a higher yield of vegetative and generative parts (Podlesny
and Pietruszewski 2006). In the research average dry mass content in multiflora rose bio-
mass amounting to 54.7% (fig. 2) was similar to analogous value for energy willow (Stolar-
ski et al., 2008). Average yield of multiflora rose dry mass in the fourth year after planting
was 21.43 tha™ (fig. 1b). It resulted from the fact that fertilization and plant protection was
not applied and the field soil, on which radiated cuttings were planted, was of low agro-
nomic category. Such an approach to agrotechnology of multiflora rose followed from the
assumption that this plant was predisposed to be cultivated in sandy soils, which prevail in
Poland and which possibly may be used in future for cultivation of energy plants. Assuming
harvesting of rose in a two-year cycle, it is justified to decrease the obtained dry mass yield
by half that is to 10.7 tha”. Assuming this value for comparative purposes, it should be
stated that such yield is similar to an average dry mass yield of energy willow harvested
annually (Dubas, 2004). However, it is almost two times lower than average yield of Vir-
ginia mallow Sida hermaphrodita (Kalembasa and Wisniewska, 2006) and by average of
20% lower than yields of Manitoba maple Acer negundo (Fraczek, 2009). However, it
should be emphasised that yields of mentioned plants were obtained on better soils and with
fertilization. Thus, comparison should include economic indexes e.g. costs of production
1 GJ of thermal energy, which are decisive for use in the practice of research results (Bie-
niek and Zolnierz-Rusinek, 2008).

The analysis of variance did not prove a significant impact of laser irradiation of cut-
tings on the heat of combustion, calorific value and chemical composition of multiflora rose
biomass (Table 1). Thus, a result part of the paper presents average values. Average value
of the heat of combustion was 18, 573 kJ-kg'and the calorific value 17,078 kJ-kg™. Similar
values of the heat of combustion and the calorific value for multiflora rose are presented by
Stolarski et al. (2008). Presented parameters are similar to analogous data of energy willow
(Stolarski et al., 2008). Average ash content in multiflora rose biomass was 2.4%, volatile
parts 6.28%, carbon 46.2%, hydrogen 5.79% and sulphur 0.08%. These values, except for
sulphur, are similar to analogous data of energy willow (Stolarski et al., 2008). Sulphur
content in multiflora rose biomass was almost two times higher than in the quoted research.

In the available literature there is no research results concerning production efficiency
of bio-stimulation with a laser of multiflora rose cuttings. One should thus assume, that the
presented results are one of the first ones, which quantify the impact of laser beams irradia-
tion of multiflora rose cuttings on the content of dry mass and cropping of this energy plant.
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Figure 1. Yield of multiflora rose biomass treated with laser irradiation (average + SD):
a) fresh mass yield (+ha’), insignificant difference, b) yield: dry mass (tha'); P=0.05;
LSD =0.737
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Figure 2. Dry mass content (%) in multiflora rose shoots (average +SD); P=0.05;
LSD =2.78

Table 1
Heat of combustion, calorific value and composition of multiflora rose

Laser beam treatment

ftem Control 3x3seconds 3 x9seconds Mean
Heat of combustion, (kJ'kg ™) 18568 18.574 18.577 18.573
LSD =0.05 n.s.

Calorific value, (kJ-kg™) 17068 17.081 17.085 17.078
LSD =005 n.s

Ash content, (%) 2.4 2.4 2.5 2.4
LSD =005 n.s

Volatiles content, (%) 6.26 6.30 6.29 6.28
LSD =005 n.s

Carbon content, (%) 46.2 46.2 46.3 46.2
LSD 0=0.05 n.s

Hydrogen content, (%) 5.78 5.78 5.81 5.79
LSD =005 n.s

Sulphur content % 0.07 0.09 0.08 0.08
LSD 4=0.05 n.s

LSD — Least significant difference; n.s. — non significant
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Conclusions

1. Laser beams treatment of multiflora rose cuttings did not cause significant diversity of
yielding of multiflora rose fresh mass.

2. Cuttings treated with a higher dose of laser radiation caused higher content of dry mass
in the above-ground parts and the increase of multiflora dry mass yield.

3. Laser beams treatment of multiflora rose cuttings did not influence significantly the
heat of combustion and calorific value of multiflora rose.
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WPLYW NASWIETLANIA PROMIENIAMI LASERA
NA PLON BIOMASY I WARTOSC ENERGETYCZNA
ROZY WIELOKWIATOWEJ

Streszczenie. Celem pracy byto okre$lenie oddzialywania naswietlania promieniami lasera sadzonek
rozy wielokwiatowej na plon $wiezej i suchej masy oraz warto$¢ energetyczna. Przedmiotem badan
byto jednoczynnikowe doswiadczenie polowe przeprowadzone w latach 2009-2013 w Mydlnikach
k. Krakowa. Badano wplyw dwoch dawek naswietlania sadzonek promieniami lasera na plon, sktad
chemiczny i warto$¢ energetyczna rozy wielokwiatowej. W wyniku badan stwierdzono, iz naswietla-
nie promieniami lasera nie wptyngto na wielkos$¢ plonu $wiezej masy rozy wielokwiatowej, jednakze
wigksza dawka promieniowania laserowego spowodowata wyzszy przyrost suchej masy czgsci nad-
ziemnych oraz wigkszy plon suchej masy. Nie stwierdzono istotnego wptywu biostymulacji promie-
niowaniem laserowym sadzonek na ciepto spalania i warto§¢ opatowa rozy wielokwiatowej. Stwier-
dzono znaczna zawarto$¢ siarki w biomasie rozy wielokwiatowe;.

Stowa kluczowe: biostymulacja laserowa, ciepto spalania, sktad chemiczny, r6za wielokwiatowa
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delivery trucks and trucks per one farm than in the horticultural
farms. The transport efficiency of vehicles in the vegetable farms is
lower in comparison to vehicles in the horticultural farms.

Introduction

According to the estimations in agriculture, annually 800-1000 million tonnes of loads
are transported which in relation to the structure and intensity of production gives an index
from 20 to 70 tha” of agricultural land (Kokoszka and Tabor, 2006). Horticulture plays
a significant role in the national agriculture and constitutes one of the most important
branches of agricultural production. Although, horticultural production is carried out only
on 3.4% area, its value is two times higher for grains, although they are cultivated as much
as on 63.5% area taken by plant production (Hotownicki, 2006). Specialist horticultural
farms, in particular vegetable farms, in Poland are located mainly near big city agglomera-
tions, which constitute an outlet for the produced vegetables and fruit. Vicinity of outlets
considerably influences the use of the transport means and as a result the costs of produc-
tion in farms (Kowalczyk, 2001). However, a serious problem which negatively affects
functioning of the horticultural farms, inter alia, through the increase of the transport costs
is improper organization of the wholesale market of vegetables and fruit (Kowalczyk,
2011). Other impediment for the fruit and vegetable market is high fragmentation of the
horticultural farms and as a result a small scale of production, which to a high degree limits
a possibility for single producers e.g. big hypermarkets chains. Due to the above problems,
the transport means are one of the most important technical means in a horticultural farm.
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Their number and quality selection is reflected in the efficiency of the performed transport
works but also in the inputs incurred for transport (Kokoszka, 2011). Also, acc. to Marczuk
(2011), selection of proper organization of the transport means work at relatively low inputs
may bring considerable advantages for a farm.

Objective, scope, methodology of work

The objective of the paper was to analyse the level and effectiveness of using delivery
trucks and trucks in the selected horticultural farms. The scope of the paper covers: delivery
trucks and trucks which constitute the equipment of 60 farms which deal with production of
vegetables and fruit located on the territory of Swietokrzyskie and Matopolskie Voivode-
ships. The research was carried out in the form of a guided survey entailing filling out the
questionnaire. The collected information, except for general data which characterize farms,
such as the structure of the land use, the size and structure of production concerned mainly
organization of the transport works, that is work timing of the transport means, their age,
capacity, etc. The coefficient of using the capacity was calculated as percentage quotient of
the amount of load transported one time and the capacity of the transport mean. Coefficient
of using operation time Ky; determines participation of the effective work time — T, to opera-
tion time T, (which includes also time losses due to the organizational reasons) where: T; —
driving time with a load, T¢; — includes: driving time with a load, driving time without the
load, time for loading activities, time for crossings to and from the work place and technical
stopovers, time of technical service, time of removing technical and technological faults,
rest time, operation time of accompanying machines carried out in the presence of
a transport mean, time of stopovers independent from the mean (e.g. organizational and
others). Efficiency of the transport means work was calculated based on the operation time.

TheaAnalysis of the obtained results was carried out in two farm groups, that is: vegeta-
ble and horticultural, separately for delivery trucks and trucks.

Research results

The size and structure of production constitute the basis for a rational selection of the
transport means. As table 1 shows, the average area of agricultural land of farms included
in the research exceeded the average for the entire Matopolska region and was respectively
for vegetable and horticultural farms: 9.47 and 7.51 ha.

Table 1

The structure of land use in agricultural farms

Specification Area of agricultural ~ Area of arable  Area of grasslands Area of orchards
land (ha) land (%) (%) (%)

Vegetable farms

— average 9.47 91.90 7.83 0.27

— standard deviation 8.38 6.46 6.24 2.16

Horticultural farms 7.51 4.97 2.70 92.26

— average

— standard deviation 5.29 5.44 2.95 8.05
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Table 2 presents the size of the produce crop in groups of farms. In case of vegetables
and fruit a decisive majority of crop is transported by cars into the outlet that is the most
frequently to the agri-food fair in Cracow. Obviously, in a total mass of crops horticultural
products prevail, but total crops of produce are higher in vegetable farms and are at the
average 241 tonnes per a farm, while in horticultural — 152 tonnes.

Table 2
Crops of produce (t-farm™)

Specification Vegetables Fruit Others Total
Vegetable farms

— average 167 2 72 241
standard deviation 138 2 104 217
Horticultural farms

— average 1 142 9 152
— standard deviation 1 118 12 159

Table 3 includes information concerning the transport means covered by the research
thus delivery trucks and trucks. The stock of cars both delivery trucks and trucks per
a farm, is higher in case of the vegetable farms, and is respectively: 0.85 and
0.73 item.-farm™’, while in the horticultural farms this stock is 0.79 and 0.11 items-farm™.
The equipment in the form of delivery trucks with reference to the area of agricultural land
for both groups is at a similar level of 10.4 and 10.7 item-100 ha' AL. For comparison in
other horticultural farms of the Malopolska region, the stock of delivery trucks is
9.0 items.- 100 ha' AL whereas of trucks — 5.3 items-100 ha' AL (Kowalski et al., 2002).

Table 3

Characteristics of the selected transport means

Specification Stock Stock Age Capacity Annual use
(item'farm™)  (item'100 ha' AL) (years) (t) (h-year™)

Vegetable farms

— delivery truck 0.85 10.4 13 1.6 1050

— truck 0.73 8.9 16 3.8 1285

Horticultural farms

— delivery truck 0.79 10.9 15 1.4 955

— truck 0.11 1.7 18 3.9 1014

Taking into consideration the age of cars, the vegetable farms, which have cars at the
average two years younger are more favourable in comparison to the horticultural farms.
When analysing the data included in table 3, one may see very high use of both type of cars
not related to the type of the business activity, which is within the range 955-1285 h-year’
Such high loading with work results mainly from often and sometimes very long stays at
the agri-food fairs. Unfortunately, organization of the transport processes also influences
negatively prolongation of this time, i.e. both loading of vegetables and fruit as well as
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unloading of goods, which were not sold, was performed manually in majority of farms. It
is influenced by the lack of specialist devices such as fork lifts as well as specificity of
goods. Some vegetables, such as e.g. cauliflowers, broccoli — are sold without group pack-
ages so they are arranged in a loose state in a car, which impedes mechanization of loading
and unloading. Kubon's research (2007) proves that the use of delivery trucks in horticul-
tural farms shaped at the level of 582 h-year™, and trucks — 101 h-year™.

Table 4 presents, inter alia, majority of the transported load and as it can be seen in both
groups of farms, delivery trucks transport a bigger mass of the collected produce, which
due to their higher capacity is understandable. According to Kokoszka's research (2007)
special attention should be paid to the size of single transported batches of load at execu-
tion of transport tasks, because increase of the use of capacity causes savings of time and
decrease of the transport costs, even by 70% in case of the set composed of a tractor and
a trailer. Table 4 presents also a coefficient of the capacity use, which constitutes a percent-
age quotient of the amount of a load which is transported singularly and the capacity of the
transport mean. As one can see, loads which are transported one time are almost compara-
ble to the capacity of cars, and in case of delivery trucks used for transport of vegetables -
the mass of the transported load was sometimes higher than the capacity of a car, which is
proved by the coefficient of using capacity which is 104%. The cars, which are possessed
by farms are characterized with especially low operational capacity of Wy; which is from
0.12 to 0.18 t-h™" in the vegetable farms and from 0.13 to 0.20 t-h™ in case of the horticul-
tural farms, which in calculation per tkm-h™ is respectively: 5.6-11.7 (vegetable farms) and
7.6-14.1 (horticultural farms). From among the presented values - delivery trucks show
lower efficiency. It is also worth to pay attention to the particularly low values of opera-
tional time use coefficient Ky, of cars, which is included within 7.3-7.6% - in case of
transport of vegetables and 9.8-10.4% — referred to the fruit transport. So low operational
efficiencies and a low degree of using the operational time results mainly from very time-
consuming stopovers on the agri-food fairs. According to Kubon's research (2004) in case
of delivery trucks the use of capacity is 80% and Wq; — 0.61 t-h™ (Kubon 2004). Whereas,
Kokoszka's and Tabor's research (2006) show that in the vegetable farms, values of coeffi-
cients Ko7 for delivery trucks and trucks were respectively: 90% and 22% but it relates to
domestic transport.

Table 4

Characteristic of transports

Specification Size ofthe  Coefficient of Efficiency Ko7 Performance
transported load capacity use W7 Wo7

® (%) ) %) (tkmh™)

Vegetable farms

— delivery truck 127 104 0.12 7.3 5.6

— truck 233 96 0.18 7.6 11.7

Horticultural farms

— delivery truck 118 99 0.13 9.8 7.6

— truck 180 95 0.20 104 14.1
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Figure 1 presents the structure of using operation time of cars divided into internal and
external transport. When analysing the above figure, a decisive prevail of cars in the exter-
nal transport, which consists mainly in delivery of vegetables and fruit to outlets, can be
reported. In case of vegetable farms, external transport constitutes as much as 93% to 97%
of car use, while in horticultural farms, external transport involves from 88% to 93% of
work time of cars.

100%
90% +— —

80% +— —
70% +— — Hminternal
60% +—— transport

50% +— —
40% +— —
30% +— —
20% +— —

10% +— —
ORI - ]

del. trucks‘ trucks | del. trucks‘ trucks

external
transport

Veg. farms Hort. farms

Figure 1. Structure of use of operation time of cars

Conclusions

Based on the analysis of the research, it was determined that:

1. The vegetable farms have a higher stock of delivery trucks and trucks in comparison to
the horticultural farms, but this difference is particularly visible in case of delivery
trucks, the number of which in vegetable farms is over six times higher.

2. Despite a high number of delivery trucks and trucks in farms (average stock is within
0.11 to 0.85 item-farm™), their age, which is within 13-18 years is important. In the
vegetable farms, in comparison to horticultural, at the average two years younger cars
occur.

3. Cars, which are the subject of the research, were used decisively for internal transport,
thus their operational efficiency is very low, at the average 0.12 to 0.20 th™ . The rea-
sons for this state of matters should be looked for in improper organization of the sale
of vegetables and fruit, which consequently prolongs the time of cars stay on the agri-
food fairs.

4. A relatively high use of cars capacity, which is within 95 and 104% is a positive fact;
however, undoubtedly necessity of double transport of the same goods to fairs is a neg-
ative phenomenon, which takes place in case of difficulties with finding a client.
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POZIOM I EFEKTYWNOSC WYKORZYSTANIA SAMOCHODOW
DOSTAWCZYCH I CIEZAROWYCH W WYBRANYCH
GOSPODARSTWACH OGRODNICZYCH

Streszczenie. Celem pracy jest analiza poziomu i efektywnosci wykorzystania samochodéw dostaw-
czych i cigzarowych w gospodarstwach ogrodniczych.. Zakresem pracy objeto: samochody dostawcze
i cigzarowe stanowiace wyposazenie 60 gospodarstw zajmujacych si¢ produkcja warzyw i owocoOw
potozonych na terenie wojewodztw: $wigtokrzyskiego 1 matopolskiego. Okreslono m. in.: wykorzy-
stanie roczne, wydajnos¢, strukturg prac transportowych, wykorzystanie fadownosci. Stwierdzono m.
in., ze w gospodarstwach warzywniczych wystepuje wigksza liczba zardowno samochodéw dostaw-
czych jak i cigzarowych w przeliczeniu na jedno gospodarstwo. Wydajno$¢ przewozowa samocho-
dow w gospodarstwach warzywniczych jest nizsza w pordwnaniu z samochodami w gospodarstwach
sadowniczych.

Stowa kluczowe: samochod dostawczy, samochod cigzarowy, transport, wykorzystanie, wiek
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ARTICLE INFO ABSTRACT

Article history: The paper presents results of analysis of the air flow through the rock -
Received: May 2014 bed storage. Air was collected from the inside of the plastic tunnel and
Received in the revised form: pressed to the segments of the storage with area was 18.7m’ and
September 2014 volume was almost 13.1 m’. The research was carried out from March

Accepted: September 2014 to October 2013. The cycle of the storage work (charging or discharg-

ing) was controlled based on the algorithm, in which a controlling
Keywords: signal was based on the difference in the temperature between the
heat storing average temperature of the bed and the temperature inside a tunnel.
rock-bed storage 318 measurement cycles were selected for a detailed analysis. In those
plastic tunnel . .

cycles, based on the measured parameters of air pressed into and
flowing out of the storage, the amount of the stored heat in the storage
and the change in the concentration of steam included in air was
determined. For the obtained results multiple regression equations,
describing a unitary heat stream and mass exchanged during the air
flow through the storage, were found. Moreover, the quantity relations
between a unitary heat and the mass stream exchanged during the air
flow through the storage including two sets of independent variables,
were determined. The first one includes: velocity of the pressed air
(measured in the air pressing conduit for particular segments), initial
temperature of the storage and the pressed heat stream. The second set
of independent variables includes: temperature of the pressed air,
deficiency of steam pressure inside the facility and the stream of the
pressed air. Non-linear estimation with the use of quasi-Newton
method was applied for determination of these relations.

The list of symbols:
Gpow — pressed air stream (m’-s™),
Prow — air density (kg'm™),
7, T —respectively initial time (7;) duration of a cycle (7) (s),

1" This article was co-funded by the European Union from the European Fund for Regional Devel-

opment as a part of the Operational Programme Innovative Economy
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iwy, iwe  — enthalpy of air which is flowing out (iyy) and pressed into (i) the storage,
(kg™
Jfwe, fwy — absolute moisture of the air which is flowing out (fy) and pressed into (fx)

the storage, (gm™)

Introduction

Searching for technical solutions used in the production processes should be integrally
related to the improvement of the product quality and reduction of its costs. Undoubtedly,
reduction of production costs in roofed facilities may be performed inter alia by using the
excess of heat from the inside of the facility for heating the object. This issue, for crops
under covers, concerns both the type of the object structure and its equipment. Research,
concerning the impact of the object structure, efficiency of heat storage in the storage bed
including aspects of the heat demand, was carried out in many scientific centres. From the
point of view of the facility structure, Abreu et al, (2001) analysed the impact of its struc-
ture (single tunnel, blocked) on the effect of cultivated tomatoes. In the conclusion it was
determined that in the blocked objects, it is easier to maintain the required parameters of the
internal microclimate, which was seen with the improvement of the quality of tomatoes as
well as limitation of use of plant protection substances. Volkaerts et al. (2012) analysed the
answer of temperature and air humidity changes during natural ventilation in the facility,
where precise control of the ventilator location was applied. Authors developed a mathe-
matical model of the heat and mass exchange process and its validation was carried out in
the blocked greenhouse. Kittas and Bartzanas (2007) in the analysis of the issue of the
greenhouse ventilation (with various geometry of a ventilator) used the CFD programme
and upon recognition of a satisfactory compliance, they carried out simulation experiments.
Impact of the wind direction and velocity on the distribution of air velocity inside the facili-
ty in the aspect of temperature changes and concentration of steam was analysed. Boulard
et al. (2004) carried out a series of research on the impact of ventilation intensity (through
change of location ventilation openings) on the process of mass exchange during transpira-
tion of tomatoes cultivated in the plastic tunnel. Impact of location of ventilators both on
parameters describing intensity of transpiration (physiological resistance of mass conduct
inside a leaf and on the leaf- surrounding air border) which in consequence affects micro-
climate in the facility, was reported. Researchers recognized a great usefulness of the ob-
tained results for biological plant protection and controlling their growth. On the other
hand, from the scope of use of waste heat from a greenhouse, Condori et al. (2001) present-
ed results of their research related to the use of heat from the inside of the prototype green-
house for drying vegetables (sweet pepper, garlic). Authors determined changes of water
content in products dried with air obtained from the inside of the object and determined
relation between temperature of dried air and intensity of solar radiation, recognizing use-
fulness of such system in a conclusion. Moreover, a similar issues concerning the use of
waste heat from the inside of the facility were analysed by Fuller and Charters (1997) de-
termining possibilities of using this heat from a production plastic tunnel for drying grapes.
In the construed system, air sucked from the inside was moved to a heater. Authors devel-
oped an algorithm for controlling the operation of this system and its usefulness for practice
was confirmed during test research. From the scope of storing heat surplus from the inside
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of the facility (Ozgener and Ozgener 2010) carried out a series of experiments in the stor-
age, where the system of steel conduits was installed (placed in the loop shape) placed in
soil. Conduits were supplied with hot air obtained from the inside of a greenhouse. Authors
determined a coefficient of heat transfer between conduits and soil and determined efficien-
cy of the heat storing process recognizing its usefulness in the region with high sun expo-
sure (Mediterranean Sea region). Kurklu (1998) in his review paper presented construction-
al solutions of heat storages which use phase changes of material (salt hydrate, paraffin and
polyethylene glycol) along with determination of potential heat effects at their use in
a greenhouse. Boniecki (1999) presented assumptions for construction of the simulation
model of the charging process of a rock-bed storage of thermal energy at including a ran-
dom distribution of temperature of air pressed inside it. Thus in the paper (Muller and
Mackowiak 2010) presented and verified an alternative to the existing, a probable mathe-
matical model of heat transfer, which more fully in comparison to previous models includes
a stochastic nature of the bed structure and additionally reflects an uneven air flow through
the storage during a charging phase. The presented review of research works shows clearly
that the use of heat surplus from the inside of the facility, which was formed from solar
radiation, in the process of heating a horticultural facility is one of the solutions which are
used for the microclimate change. This issue is an object for the research carried out in the
plastic tunnels located in the University of Agriculture facilities and the Institute of Horti-
culture in Skierniewice (Kurpaska et al., 2012; Hotownicki et al., 2012). In the process of
heat storing, both thermal processes as well as mass exchange processes occur (condensa-
tion, evaporation) through changes of steam concentration in air. Therefore, determination
of these effects which were formed during pressing air to the rock-bed storage is an essen-
tial problem. It will be a main objective of the paper.

Material and method

Experimental research was carried out in the facility composed of a 4-segment rock-bed
storage (with the area of 18.7 m” and the volume close to 13.1 m® each), which is placed in
the experimental tunnel (without plant cultivation) in the facilities of the Department of
Production Engineering and Power Industry of the University of Agriculture in Cracow.
A schematic representation of the test bench with marked measurement points were pre-
sented in figure 1.

During the experiments, the following parameters were measured:

a) air pressed and flowing out of the rock-bed storage: speed, temperature, relative
humidity,

b) temperature and humidity of air which flows through the rock-bed storage,

c) of the external air: temperature, humidity, intensity of solar radiation and the wind
velocity.

All measured sizes along with determination of the location of electric gate valves were
controlled with the use of the original measurement system with the time of sampling equal
to 120 s.
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Figure 1. Schematic representation of the measurement stand

Change of a location of electric gate valves was performed with the use of the
alogorithm presented in fig.2.

The presented schematic representation of signals flow shows clearly that the process of
both charging the storage (left part of the algorithm) as well as its discharging (right part of
the algorithm) takes place in case of excceding the temperature difference (At;, At,) be-
tween the bed temperature (t;, ty;, ty; 1 t;y) a temperature above shadowing (tyc) or inside the
facility (tyew). Value of this difference was determined in the research in order to maintain
stability of this system operation. As a result of complex temperature difference, change of
the control of location of the guide valve in EZ1 device took place.

In the analysis of the storage charging process, two mutually related sizes (parameters
of the pressed air and air in the storage) may be distinguished i.e. the amount of the stored
air in each measurement cycle and the change of the mass content (counted as a difference
in the steam concentration in air between air pressed to the storage and air flowing inside
the tunnel).
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Figure 2. Schematic representation of the control of the charging/discharging process of
the rock-bed storage

Thus, the amount of the stored heat in the storage (dQ,) in the differential time dz was
calculated from the relation:

47

ank =4 pow 'ppow : I(ZWE _iWY )dT (1)

3
while the change of the mass amount with the steam concentration change in the air pressed
by the storage from the formula:

T +T

dmy,o = 4 pow” I(fWE = fwy )dT (2)

7

For generalization of the obtained results average values of parameters were calculated
(W) which determine changes in the scope of the stored heat amount and the change in
the amount of the absorbed/ moistened water in the storage. These values were calculated
using their actual values from the relation:
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T+7

W =+ [wie)ds 3)

All parameters indispensable for determination of these relations were determined for
each cycle using the standard psychometric relations.

Results and a discussion

Research was carried out between March and October 2013. The scope of the tempera-
ture difference used in the control of the air flow process was determined in the initial re-

search in 2012. Figure 3 presents temperature changes in the storage bed and the facility
with no working ventilator.
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Figure 3. Temperature changes in the bed segments and inside the tunnel

One may notice that for conditions of surrounding, difference between the initial and fi-
nal temperature of the bed is within 0.3 to 0.8 K. Higher value were reported for the bed
segment, which was characterized with a higher value of initial temperature. It proves
a good insulation of segments, whereas as a result of narrow scope of temperature changes
temperature difference between a final and initial temperature (from 1.1 to 2.9%) towards
the initial values, it was assumed in the nomogram that the difference between temperature
values used in the control algorithm will be 2K.

During the research, as a result of selection 318 measurement cycles were selected from
all possible states of accumulator operation.
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Table 1 presents measured and calculated average values of the measured parameters
during the measurement cycles along with the detailed duration of experiments.

Table 1

Values of parameters in the analysed cycles during the experiments which were carried out
R — intensification of the solar radiation, t — air temperature, RH — relative humidity, V.-
wind velocity

Specifi Time, Surrounding climate Input Output Bed Air stream
cation (s) tempera-
ture

R , t RH leallr t RH t RH tL v 3p0wy 1

Wm5) (O () @ms) (O () (O ) (°0) (m™-cykl™)
Minimum 689 233 62 0261 001 108 0.155 64 0296 6.7 65.1
value
xﬁémum 53673 891.1  37.1 0975 347 487 0706 33.1 0944 397 6370.2

The course of changes in the amount of the stored heat and changes in the water mass
content in air flowing out from the storage was presented graphically in fig. 5 and 6.
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Figure 5. The course of the amount of heat stored in the rock storage

Positive values mean that the heat was stored in the storage whereas, the negative value
(cycle 141) shows that in the condition of the performed cycle the amount of the heat ob-
tained from the storage is lower than the amount of the supplied heat. When analysing these
data one may assume that the amount of the stored heat in the storage is within -74 to over
182 M1J.
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Figure 6. The course of water mass changes in the air flowing out from the storage bed in
particular measurement cycles

When analysing the data presented in fig. 6 (positive values mean that the air was dried,
the negative, on the other hand mean that it was moistened); similarly to the previous situa-
tion, one may report that during experiments, such cycles occurred, as a result of which,
evaporation of water from the bed took place and as a result the increase of absolute mois-
ture in air, which was supplied to the inside of the tunnel. In the measurement cycles, which
were carried out, the scope of changes was within -3.5 to 17.5 kg-cykl™.

In order to generalize the obtained results and their application to similar systems which
use the rock bed as a heat storage, two approaches were applied. In the first on, the heat
stream and the change of the mass stream were determined as dependent variables from
velocity (V,,,) of the pressed in air (measured in the conduit with diameter 300 mm which
presses air to particular segments), initial temperature of the storage (#,,;) and the pressed
heat stream (gpg). For the obtained results, the found equation which includes this relation
(the form of the power model based on the highest value of coefficient of determination;
this relation has been determined with non-linear estimation with quasi-Newton method at
maintaining the convergence factor 0.001) takes the following form:

a) for the heat stream (g.)

Gur =—295,2- V03B L5118 gpp” —6,21-15/0 +10,5  (W-m™)

pow

b) for the heat mass (m0)

My o =—1271-V30 +579- gy’ —0,0182-15%  (gm™min’)

pow
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Within the scope of use:
1.34<7,,,<325ms"; 185.5 < g,, <1064.8 W-m™; 2 < #,4,< 37.7 (°C)

These formulas have been developed including duration of experiments (table 1).
Figure 7 and 8 present graphical comparison between the values calculated from the
suggested models and measured values.

600 T -

00 10 -0,8093x+8,6723

2- Ps
200 R?=0,8457 .

300
200

100

Calculated heat stream (qax-ob1), W-m™2

Measured heat stream (qakzm), W-m™2

Figure 7. Comparison between the calculated and measured heat streams stored in the rock
bed (independent variables: Vy,,, qye , toar)

While, in the second case, the values of the dependent variables (heat and mass streams)
were made dependent from: supply temperature (¢;), deficiency of steam pressure in the
air inside the tunnel (VPD) and the stream of the pressed air (g,,,). Using, similarly as in
the previous case, a procedure, the relation ,which describes the analysed values takes the

following form:
— for the heat stream (q)

Gux =124.8- 17 —65.45-VPD* —12,92-¢47 )" (W-m?)
— for the heat mass (m20)
my o ==6125-ty" +616,22-VPD™ > —11.4}3 (g¢m™min™)
Within the scope of use:
49.4 <typ<11.1 m's'; 364.4 < VPD <8422.4 Pa; 0.09 < ¢, < 0.22 (m's™)
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Figure 8. Comparison between the calculated and measured water mass streams in air
Sflowing out from the rock storage (independent variables: V., Gye , toak)

Both in the first case (equations a and b) and the other case, statistical analysis proved
significance of the determined values of coefficient and exponents, which describe the
impact of independent variables on the analysed dependent variables.

Fig. 9 and 10 presents the comparison between values calculated from the relation
(c and d) and the measured ones.

Summing up the obtained relations one may conclude that they have (except for cogni-
tive values) also application features. These formulas (within the provided scopes of use of
initial variables and the duration of the process) allow determination of the heat and mass
stream density. Thus, having a storage of the analysed area (18.7 m”) and knowing the time
of pressing air into it, it is simple to calculate the effects in the form of the amount of the
stored heat and exchanged mass.

When analysing changes in the amount of heat stored in the storage and changes of
steam content in air which flows out from the bed, one may also observe, that for some
values of independent variables there are such cases, in which the storing process does not
occur and air is moistened. A detailed analysis of such case will be a subject of further
analyses.
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Figure 9. Comparison between the calculated and measured heat streams stored in the rock
bed (independent variables: typ, VPD, qpoy)
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Figure 10. Comparison between the calculated and measured water mass streams in air
Sflowing out from the rock storage (independent variables: tyg, VPD, gpo,)

81



S. Kurpaska, H. Latata, P. Konopacki, R. Hotownicki

Conclusions

1. The total scope of changes in the amount of stored heat in the considered rock storage
in the investigated cycles is within -74 and 182 MJ.

2. In the investigated cycles of pressing air inside the rock storage, the scope of changes
in the amount of water (calculated as a difference between the water content in the
pressed air and flowing out the bed) is within -3.5 to 17.5 kg.

3. Based on the experimental results, equations were determined, which allow, at known
input parameters, determination of the heat and mass stream density mentioned in the
process of air flow through the rock - bed storage in the cycle of charging.
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ANALIZA WPLYWU WYBRANYCH CZYNNIKOW

NA ILOSC ZMAGAZYNOWANEGO CIEPLA ORAZ ZMIANY MASY
W AKUMULATORZE O Z¥.0ZU KAMIENNYM ZLOKALIZOWANYM
W TUNELU DOSWIADCZALNYM

Streszczenie. W pracy przedstawiono wyniki analizy zwiazanej z przeptywem powietrza przez ztoze
akumulatora kamiennego. Powietrze pozyskiwano z wngtrza tunelu foliowego i ttoczono do segmen-
tow akumulatora o powierzchni 18,7m? i objetosci blisko 13,1m’. Badania przeprowadzono w okresie
od marca do pazdziernika 2013r. Cyklem pracy akumulatora (fadowanie lub roztadowanie) sterowano
w oparciu o algorytm, w ktorym sygnat sterujacy opierat si¢ o réznicg¢ temperatury migdzy Srednia
temperaturg zloza a temperatura wewnatrz tunelu. Do szczegolowej analizy wyodrebniono 318 cykli
pomiarowych, w ktorych na bazie zmierzonych parametrow zatlaczanego i wyptywajacego z akumu-
latora powietrza okreslono ilo§¢ zmagazynowanego ciepta w akumulatorze oraz zmiang w koncentra-
cji pary wodnej zawartej w powietrzu. Dla uzyskanych wynikow znaleziono rownania regresji wielo-
krotnej opisujacej jednostkowy strumien ciepta i masy wymienianej podczas przeplywu powietrza
przez akumulator. Wyznaczono takze ilosciowe zalezno$ci migdzy jednostkowym strumieniem ciepta
i masy wymienianym podczas przeplywu powietrza przez akumulator uwzgledniajacych dwie grupy
zmiennych niezaleznych. W pierwszej grupie wykorzystano: predko$¢ zatlaczanego powietrza (zmie-
rzong w przewodzie ttoczacym powietrze do poszczegdlnych segmentdw), temperaturg poczatkowa
akumulatora oraz strumienia ciepta zatlaczanego. Druga grupa zmiennych niezaleznych obejmuje:
temperaturg tloczonego powietrza, deficyt ci$nienia pary wodnej wewnatrz obiektu oraz strumienia
zatlaczanego powietrza. Do okre$lenie tych zalezno$ci zastosowano estymacje nieliniowa z wyko-
rzystaniem metody quasi-Newtona.

Stowa kluczowe: magazynowanie ciepta, akumulator kamienny, tunel foliowy
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size of hybrid rye seed crop by 4.7%, value of the energy efficiency
index by 3.9% and the size of the accumulated energy inputs by 0.9%.
Introduction

New solutions in the technology of plant cultivation are based inter alia on the reduction
of intensity of field cultivation in a crop rotation, introduction of the no-tillage cultivation
systems and even on the total abandonment of the mechanical impact on soil and the use of
the so-called direct sowing, particularly in large-scale agricultural farms. A plough system
of field cultivation, characterizes with great energy-consumption and favours water and
wind erosion and causes excessive soil over drying. Introduction of the systems for the
simplified cultivation systems is a response (Kordas, 2011).

Advantages from introduction of the no-tillage systems are very explicit, since they not
only decrease the energy and human labour expenditures by approx. 35% (Dzienia et al.,
2006) but also positively influence the soil environment and may considerably influence
maintenance of balance in the natural environment (Holland, 2004; Dzienia et al., 2006;
Derpsch, 2007). The aspect of the environmental protection is not without significance,
because the systems of no-tillage soil cultivation are said to reduce CO, emission to at-
mosphere as a result of a slower rate of organic substance decomposition and lower fuel
consumption (Derpsch, 2007).
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Hybrid rye is a plant with a systematically rising economic significance. Hybrid varie-
ties characterize with lower height of plants, better production propagation which enables
obtaining a higher stock of spikes. These varieties are less susceptible to lodging, which
favours greater mineral fertilization and obtaining a higher crop (Dopierata et al., 2003).

The objective of the research

The objective of the research was to analyse the size and structure of energy inputs in-
curred on hybrid rye cultivation in the production conditions and determination and com-
parison of the value of energy efficiency index of the applied cultivation systems.

Methodology and conditions of the research

A one-factor field experiment was carried out in 2011 and 2012 in Demo Farma found-
ed in an individual farm in Drzg¢czewo next to Gostyn in Wielkopolskie Voivodeship. On
the determined fields with 10 ha area each plough and non-plough hybrid rye cultivation of
Visello variety. The soil conditions were equal on the surface of the whole experiment - soil
of a granulometric composition of hard loamy sand, included to the IVa soil quality class.
Winter rye was sown in the second decade of September in the amount of 60 kg-ha', which
responded to the stock of 180 items-m™ of germinating seeds. Each year, winter wheat was
a forecrop and mineral fertilization was in total 142 kg-ha™ N, 96 kg-ha” K,O and 36 kg-ha™
P,0s. According to the IOR (the Institute of Plant Protection) chemical protection and re-
tardants were applied.

After-harvest cultivation, fertilization, sowing and plant protection were not diversified
on the investigated fields. Only basic cultivation was subject to diversification. In the tillage
systems, a four-furrow plough Kverneland EM80 was used and in the no-tillage system
Cultus 300 unit. These machines were aggregated with a tractor of 140 KM power. Skim-
ming was carried out with a skimming unit KOS, sowing with Rapid 300 sower, mineral
fertilization with Amazone ZAF 803 spreader and application of the crop protection chemi-
cals and leaf fertilization was carried out with Pilmet 615.

The size of the energy inputs (E.,) incurred on the winter rye production was deter-
mined with the use of the accumulated energy consumption methodology (Anuszewski et
al., 1979; Wojcicki, 2002).

Eern = Epar+ D Euge+ D Epu+ D_E, (MIha™) (1)

Because determination of the amount of energy brought in the form of human labour (ZEr)

in field conditions was not possible for determination, this component of the accumulated ener-
gy was omitted and the formula assumed the form suggested by Piskier (Piskier, 2011):

Etech = ZEmat + ZEugr + ZEpu/ (MJ'ha-l) (2)
2Eqgr  — the sum of energy consumption of the used aggregates (MJ ‘ha™),
YEmat - the sum of energy consumption of used materials (MJ-ha™),
YEmat  — the sum of energy consumption of the consumed fuel (MJ-ha™).
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Efficiency of machines was determined with the use of simplified timing and fuel con-
sumption during carrying out particular treatments was determined through a direct meas-
urement. Energy brought in the form of materials was calculated through multiplication of
the mass of the used material during production by the value of energy included in it as-
suming: for the sowing material 9 MJ-kg™', of nitrogen fertilizers 77 MJ-kg"' N, potassium
fertilizers 10 MJ -kg"1 KO, phosphorus fertilizers15 MJ 'kg'l P,0Os, for diesel oil 48 MJ -kg"l,
for pesticides 300 MJ-kg™" active substance (Wojcicki, 2002).

The value of the index of energy efficiency was calculated by dividing the energy value of
the rye seed crop by the amount of the accumulated energy input incurred on its production. The
amount of the seed crop was accepted according to the data obtained from a combine harvester.
The energy inputs related to the plant collection were not included in calculations.

Research results and discussion

Tillage cultivation of hybrid rye (not related to the years of research) required the input
of the accumulated energy on the level of 16.99 GJ-ha™. The use of non-tillage cultivation
required a slightly lower input of the accumulated energy (by 1%) and this input was 16.84
GJ-ha™ (tab. 1).

Energy brought in materials decided on the amount of inputs of energy accumulated in
both cultivation systems. At the average in the investigated years it was 14.46 GJ-ha” and
constituted respectively 85.1% of the incurred inputs of energy accumulated in the tillage
and no-tillage cultivation 85.9%. Respectively the size of energy brought in the form of
aggregates in the tillage cultivation was 0.39 GJ-ha™ which constituted 2.3% of the total
amount of the energy brought in the cultivation system, whereas the accumulated energy
brought in the form of fuel was 2.14 GJ-ha” which constituted 12.6%. In the no-tillage
cultivation, the energy brought in the form of aggregates was 0.29 GJ-ha' (1.7% of the
entire input), whereas the energy brought in the form of fuel was 2.09 GJ-ha™ — which con-
stituted 12.3% of the energy accumulated consumed for hybrid rye cultivation.

Table 1
The size of the accumulated energy inputs incurred for hybrid rye cultivation in different
cultivation systems (at the average in 2011-2012)

L Energy brought in Accumulated
SCuSltz\I;?tlon (GJ-ha™) energy input
Y Materials Aggregates Fuel (GJ-ha'h
Tillage 14.46 0.39 2.14 16.99
No-tillage 14.46 0.29 2.09 16.84

When comparing the size of the accumulated energy input brought in aggregates one
may assume that it is almost identical in both cultivation systems. In the non--tillage culti-
vation, its amount is lower by approx. 34.4% — in comparison to the tillage cultivation.
Similar differences occurred in the amount of the energy brought in fuel. The use of no-
tillage cultivation (in comparison to the tillage one) required by 2.4% of lower inputs in-
curred in this form (table 1).
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Table 2
Energy efficiency of hybrid rye cultivation
Cultivation Seed crop Energy value of Accumulated Index of energy
system (dt-ha™) a crop energy input efficiency
Years (GJ-ha™h) (GJ-hah
2011
Tillage 76.70 69.03 16.69 4.13
No-tillage 66.80 60.21 16.56 3.63
2012
Tillage 72.70 65.45 17.32 3.78
No-tillage 75.80 68.27 17.14 3.98
Average in 2011-2012
Tillage 74.70 67.24 16.99 3.96
No-tillage 71.30 64.24 16.84 3.81

Two factors decide on the energy efficiency of production - energy value of a crop and
the size of the accumulated energy input (table 2). Energy value of the crop differed in
particular years of the research. In 2011 it was from 60.21 GJ-ha" in facilities with a no-
tillage cultivation to 69.03 GJ-ha after plough cultivation. In 2012 energy value of a crop
was higher by 4.3% in the facilities cultivated in a no-tillage system was 68.27 GJ-ha™.
At the average for the years of the research, the energy value of crop obtained in the tillage
system of rye production was 67.24 GJha', whereas in the no-tillage system it was
64.24 GJ-ha". The obtained differences of energy value of the crop resulting from the
applied systems of field cultivation were 4.7%.

The value of the energy efficiency index (table 2) did not differ in particular years of re-
search and was at the level of 3.88. According to Wielicki (1989) per one unit of the energy
inputs incurred in production there should be four energy units of the produced product.
Data presented in table 2 show that the index of the energy efficiency of rye production was
varied by the applied systems of field cultivation and difference concerning its value was
3.9%. Also Czarnocki (2013) points out differences of the energy efficiency index between
the applied systems of field cultivation, stating that often savings of the energy input ob-
tained due to simplifications are reduced by values of crop losses and may exceed even
50%. On the other hand, Kordas' research (1999) shows that considerably higher effective-
ness was obtained after the use of direct sowing.

In the author's own research which was carried out, differences in the amount of inputs
of the energy accumulated between the analysed cultivation systems were respectively
0.8% in 2011 and 1.05% in 2012 and at the average 0.9%. Czarnocki (2013) using a no-
tillage cultivation obtained 6% reduction of the size of the accumualted energy inputs in
winter barley cultivation. Similar savings at the level of 6.1% on energy inputs incurred on
no-tillage cultivation and 5.6% in direct sowing was proved by Orzech et al. (2004). The
no-tillage cultivation causes decrease of the amount of fuel consumption, this relation was
confirmed in the author's own research (Piskier, 2011; Piskier and Majchrzak, 2013). Also
Jaskulski et al. (2013) replacing a classic tillage non-plough cultivation reported limitation
of fuel consumption in winter rape and winter wheat by 3.9 to 4.6 I-ha™. The highest partic-
ipation in the accumulated energy inputs is reported in materials including nitrogen fertiliz-
ers (Starczewski et al., 2008; Klikocka et al., 2012; Czarnocki, 2013). According to
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Nasalski (2004) fertilization constitutes a basic factor which decides on economic efficien-
cy of agricultural production. It is a considerable crop-shaping factor and at the same time it
has a significant participation in the structure of inputs and the production costs. The sys-
tems of field cultivation, applied in the author's own research, differentiated the size of the
winter rye seed crop. Moreover, Weber and Podolska (2008), Jug et al. (2011) as well as
Halinairz et al. (2013) inform on the reduction of the winter wheat seed crop in the field
experiments influenced by simplifications in the field cultivation. On the other hand Piskier
and Stawinski did not report significant differences in yielding hybrid rye between the
plough and no-tillage system. Whereas in the research carried out by Entrup and Schneider
(2003) and Fiszet et al. (2006) a positive impact of non-plough soil cultivation on the size
of the winter wheat crop, which was significantly higher than the one obtained in the
plough system of field cultivation, was reported.

Conclusions

1. Inputs brought in the form of materials decide on the size of the incurred energy inputs,
independent from the field cultivation system. They constitute 85.1% of the size of en-
ergy inputs incurred in the tillage cultivation and 85.9% in the no-tillage cultivation.

2. The use of the no-tillage cultivation system allows reduction of the inputs of the energy
brought in the form of fuel by approx. 2.4% and in the form of aggregates by 34.5%.

3. The application of the no-tillage cultivation system in 2011 caused decrease of the
hybrid rye seed crop by 12.9%, value of the energy efficiency index by 11.1% and the
size of the accumulated energy inputs by 0.8%. These different values were reported in
2012. Non-plough field cultivation caused the increase of the seed crop by 4.3%, the
value of the energy effectiveness index by 5.3% and the decrease of the amounts of the
acummulated energy inputs by 1%.
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EFEKTYWNOSC ENERGETYCZNA UPRAWY ZYTA HYBRYDOWEGO
W ZALEZNOSCI OD SPOSOBU UPRAWY GLEBY

Streszczenie. W jednoczynnikowym doswiadczeniu fanowym, prowadzonym w latach 2011-2012
w Demo Farmie w Drzgczewie koto Gostynia w wojewodztwie wielkopolskim porownywano wiel-
kos¢ i strukturg naktadéw energetycznych poniesionych na uprawg zyta hybrydowego oraz warto$¢
wskaznika efektywnosci energetycznej. Wielko$¢ naktadu energii skumulowanej nie byta zréznico-
wana przez pordwnywane systemy uprawy roli, zalezata ona bowiem w gldwnej mierze od naktadow
energii skumulowanej wniesionej w formie materialow (okolo 85%). Zastosowanie uprawy bezorko-
wej zmniejszylo naktad energii wniesionej w formie paliwa o 2,4%, a w formie agregatow o 34,5%
(w poréwnaniu do uprawy orkowej). Poréwnywane systemy uprawy roli ro6znicowaty wielkos$¢ plonu
ziarna zyta hybrydowego o 4,7%, warto$¢ wskaznika efektywnosci energetycznej o 3,9%,
a wielkos¢ skumulowanych naktadéw energetycznych o 0,9%.

Stowa Kkluczowe: system uprawy, plon ziarna, wskaznik efektywnosci energetycznej, zyto
hybrydowe
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Introduction and objective of the paper

Production of chicken eggs in Poland within 2006-2013 was at the level of 10,393 mil-
lion pieces (MRSP, 2013). Siepka et al. (2010) emphasize that the scope of use is wide.
They are widely used in the food, pharmaceutical, cosmetics, chemical and feed industry.
The research carried out by Smiechowska and Pogoérniak (2013) shows that eggs from
a laying hen of greenleg partridge hen breed have length from 50 to 61 mm (average 54.7
+2.52 mm), width from 38 to 44 mm (average 41 £1.52 mm) and the shape index 1.24-1.40
(average 1.31 £0.036). According to Shultz (1953) heredity of the shape index of chicken
eggs is between 0.11 and 0.19. Mass of a chicken egg is between 40 to 80 g. Eggs with
mass within 58 to 60 g are the most popular. Average thickness of a shell is 0.3 mm.
A percentage share of egg white is 55.5%, of yolk 31.9% and a shell 12.3%. Height of the
air chamber in fresh egss is within 4 to 6 mm. The egg shape is a feature that identifies its
origin (Preston, 1968). According to Bardyn and Krysiak (2013), a cross-section of a chick-
en egg is elliptically shaped and narrowed at one end. A yolk is rounded and is centrally
located. Calik (2013) determined that storing conditions of eggs affect both decrease of the
egg mass, yolk dimensions and air chamber as well as the egg white content.

Research on the quality of eggs on account of freshness, improper shape, mechanical
damages, blood stains inside an egg are carried out automatically with technologies related
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to computer graphics with the use of neuron networks. The obtained research results are
used for creation of databases of eggs with correct and incorrect structure (Arivazhagen et
al., 2013). In production and food processing of eggs, collection, washing, sorting and
packing are basic technological operations, for which the egg shape is of basic importance.
The mentioned technological operations are manually carried out in small farms and in
innovative large scale production they are automatised and roboted (Garcia-Alegre et al.,
1997; 1998; 2000, Patel et al., 1998). In the processes of sorting, detection of egg defects
and their irregular shapes non-destructive technologies with the use of vision systems and
databases of shapes and eggs image are applied (Garcia-Alegre et al., 1998). In the robots
used for packing eggs, vacuum pneumatic suckers, the shape of which is selected to the egg
shape, are used. Structure of sorting machines, elevator belts, dosing wheels, lantern pin-
ions which transfer eggs to rod cross and diagonal conveyors, counting systems, which
assess the quality, incubators, baskets, containers etc., depends greatly on the egg shape.
Modern, computer aided methods of designing machines and devices for a poultry force
constructors to know geometric properties of processed eggs. Determination of the egg
shape in a contractual manner does not suffice, e.g. elyptic, oval. Designers are provided
with useful tools for description of the body shape by computer graphics (Kiciak, 2000;
Foley et al., 2001). Mieszkalski (2011) used a parametric spatial curve and a four-rod net-
work spread on the external surface of the modelled body for description of plant raw mate-
rials.

Keshavarzpour (2011), Rashidi and Gholami (2011), Rashidi and Keshavarzpour (2011)
suggested models of linear regression, by means of which they expressed a relation be-
tween the egg mass and its geometrical parameters. Many works concern the description of
the cross section outline in the two-dimensional system on the plane. Moénus and Barta
(2005) and Barta and Székely (1997) suggest function y=f(x), which is a thrid degree poly-
nomial for description of the egg outline. Based on digital pictures of ostrich eggs Ne-
domova and Buchar (2013) with the use analysis of the image, using a technology for de-
tecting edges, obtained points coordinates for egg profiles, which were approximated with
Fourier's row. Nishiyama (2012) says that longitudinal cross sections of eggs are neither
rounded not elyptic but oval, therefore for description of the shape of longitudinal cross
section outline, he used Cassini's oval.

The issue which must be solved is development of a method, with which 3D description
of the eggs shape and their components would be possible.

The objective of the paper is developing a method of modelling the chicken egg shape
and its basic elements (shell, yolk, air chamber) with the use of Bezier patches.

Research material

Chicken eggs were the material for the research, which come form OLDAR from
Sokotow from a cage breeding from 2014. Three different egg shapes were selected, mark-
ing them as I, I, III. Eggs were photographed with a digital camera Lumix Panasonic DMC
— TZ3 in the JPEG format. Basic shell dimensions (long axis, short axis I, short axis 1II,
shell thickness), yolks (diameter), air chamber (length, width, height) were measured with
a caliper with precision up to 0.1 mm. The size of an egg and air chamber were determined
after boiling. Results of measurements of the selected chicken eggs were presented in table 1.
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Tablel
Basic dimensions of the selected chicken eggs
Name of Name Results of basic dimensions of components of eggs (mm)
a component of a dimension 1 1I 111
of an egg
Long axis 60 57.2 56.4
Shell Short axis I 47.1 423 41
¢ Short axis II 46 41.1 39.2
Shell thickness 0.5 0.5 0.4
Yolk Diameter 32.2 29.8 29.1
. Length 8.2 7.4 7.1
gl‘;mber Width 8.1 72 7
Height 34 3.1 2.6

Description of the method

Modelling the shape of the egg shell body was carried out with the use of Bezier patch-
es. Parametric equations of coordinates of the Bézier patches in the matrix record take the
following form (Kiciak, 2000; Foley et al., 2001):

x(s,)=7T.MT-G,- M-S (1)
ys.0=1"-M"-G,-M-S (2)
Z(S7t):TT'MT'Gz'M'S (3)

The parametric representation of the area x=x(s, t), y=y(s, t), z=z(s, t) depends on
parameters s and ¢ (vectors 4, 5). In equations (1, 2, 3) a base matrix of the Bézier patch
occurs M (6).

PR
T= ff “)
|1
>
S= s? (%)
N
|1
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-1 3 -3 1
3 -6 3 0

M= (6)
-3 3 0 0
1 0 0 0

Elements of three matrices of Bézier patch geometry G,, G,, G. as matrices of geometric
limitations are coordinates of 16 control points which are control points: The change of the
coordinates of the control points decides on the patch shape and thus on the egg shape.

Matrices of geometry of Bézier patch 4 have the form:

0000
7 ™
122 2 2
2.2 22
L5 L5 1,5 1,5
0 0 3 3 ®)
GL=lo 0 3 3
15 15 15 15
00 00
(04 40 ©
GA:=10 4 4 o
00 00
Whereas for the patch B:  GB, = GA,, GBy = G4,,
0 0 0 0
B - 0 -2 -2 0 10)
B:=1y Z2 —2 0
0 0 0 0

The model of the external surface of the chicken egg shell consists of two connected
Bézier patches A, B. Bézier patch 4 was used for modelling the shape of more rounded
(smaller radius of rounding) part of an egg located in the end of its long axis, and patch B
for modelling the shape of less rounded (bigger radius of rounding) of the egg part, located
on the opposite side of patch 4. Continuity and smoothness of the surface is obtained by
connecting rod points of patches 4 and B at their edges (values of their coordinates are the
same) and corresponding control points must be located on common straight lines. Deter-
mination of values of matrix elements of Bezier patch geometry G,, G, G. consists in ad-
justing the patch shape to the shape of egg piece.

Parametric equations, which determine coordinates of the network points of Bézier
patch A4 have the following form:
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=62 =4 (1)
VA, =451+ 57271, =27 2445 24 531812181 4 15 (12)
iy =36°1;-36-22] 5+ 3613361 |- 2 (13)
where:
simi (14)
1
tj=iy (15)
i=0..N (16)
j=0..N (17)
t,5€(0, 1) (18)

N —matrix dimension (number of lines and columns).

Similarly to Bezier patch B the open forms of the parametric equations, which deter-
mine coordinates of the network points of the patch B are as follows:

xB,-,‘,-=6‘t§—4‘t3- (19)
B, =451+ 5227 1,272+ 45 2+ 18- 3181+ 1 (20)
Bi=|-225-2+225 1) s+ [22.5- 22251 s 1)

In order to obtain the body surface shaped similarly to an egg, a new matrix X4B should
be formed by horizontal connection to a matrix x4 of the matrix xB at the same number of
lines in the added matrices. Similarly the matrices y4 and yB are added, forming Y4B and
matrices z4 and zB, obtaining matrix Z4B. Coordinates of points of surfaces obtained with
the use of the matrix XAB, YAB, ZAB should be scaled in order to obtain surfaces similar
with their dimensions to external and internal real surfaces of the egg shell. Scaling is car-
ried out towards X, Y, Z axes of the coordinates system. The matrices, after scaling, which
represent real shapes of the external surface of the chicken egg shell (Xsz, Ysz, Zsz), take
the following form:

sz = XAB 'b‘ (22)
max(XAB) — min(XAB)
YAB-c 23)

5z =
max(YA4AB) — min(YAB)
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ZAB-a

52 = , (24)
max(ZAB) — min(ZAB)

The matrices, after scaling, representing real shapes of the internal surface of the chick-
en egg shell (Xsw, Ysw, Zsw), have the following form:

XAB -bw

Xsw= - (25)
max(XAB)—min(XAB)
e YAB - cm./ 26)
max(YAB) — min(YAB)
ZAB - aw @7

W= -
max(ZAB) — min(ZAB)

The external dimensions (in mm) of a shell (a — length, b — width, ¢ — thickness) and in-
ternal dimension of a shell (aw — length, bw — width, cw — thickness) of chicken eggs were
placed in matrix 28.

a aw 60 59
b bw|=|47]1 46,1 (28)
c cw 46 45

Model 3D of the chicken egg shell was presented in figure 1.

30

40

Figure 1. Surface and network model 3D of the chicken egg shell

In order to obtain the body surface shaped similarly to an egg yolk, a new matrix XXz
should be formed by horizontal connection to the matrix xB of the matrix xB at the same
number of lines in the added matrices. Similarly the matrices yB and yB are added, forming
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YYz and the matrices zB and -zB, obtaining the matrix ZZz. The coordinates of points of
surfaces obtained with the use of the matrix XXz, YYz, ZZZ should be scaled in order to
obtain surfaces similar with their dimensions to the external and internal real surfaces of the
egg yolk. Matrices, after scaling, which represent real shapes of the external surface of the
yolk (Xz, Yz, ZzZ) take the following form:

Xi= XX @ o (29)
max(XXz) — min( XXZ) 2
Vi = YVE a2 L DT s (v - min(r¥E)) (30)
max(YYz) —min(YYz) 2
Zi=277: 4 31)

max(ZZz) —min(ZZz)

In order to obtain the surface of the body shaped similarly to the egg air chamber, a new
matrix XXp should be formed by horizontal connection to the matrix x4 of the matrix x4
at the same number of lines in the added matrices. Similarly the matrices y4 and yA4 are
added, forming YYp and the matrices z4 and -Za, obtaining the matrix ZZp. The coordinates
of points of surfaces obtained with the use of the matrix XXp, YYp, ZZp should be scaled in
order to obtain a surface similar with its dimensions to the external and internal real surfac-
es of the egg air chamber. The matrices, after scaling, which represent real shapes of the
external surface of the air chamber (Xp, Yp, Zp) take the following form:

— YYy. ap . — i @
Xp = XXp max(XXp) — min(XXp) +0,5 - (max(X) —min(X)) 5 (32)
_ vy, bp . _ o _bp
Yp=YYp max(Yp) —min(Yp) + (min(Y) +0,5 - (max(Y) —min(Y)) 5 )+ (33)
— (max(YYp) — min(¥YYp))
Y p _p
Zp=277p max(ZZp) — min(ZZp) + max(Z1) 5 (34)

Dimensions (in mm) of the yolk diameter (az) and the air chamber(ap — length, bp —
width, cp — height) of the chicken egg placed in vector 35.

az] 322
8,2
ME (35)
bp 8,1
cp 34

Model 3D of the chicken egg body and air chamber was presented in figure 2.
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Figure 2. Models3D of the yolk body and air chamber of a chicken egg

Model 3D of a shell, yolk and air chamber of a chicken egg was presented in figure 3.

In order to verify a mathematical
model, which describes the shape of
chicken eggs I, II, III (dimensions in
table 1) photographs of eggs and their
models were taken folded on each other
projected on the plane YZ and they were
presented in the background of horizon-
tal lines of a diagram (fig. 4). Horizon-
tal lines cross the image of the model
projection of the real body of an egg.
Specific horizontal lines, crossing the
outlines of projections, indicate the
length of the indicated cross sections.
The determined lengths of these cross
sections for an egg and a model were
compared and differences were de-
scribed between them and a relative
error was calculated (table 2).
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Figure 3. Model 3D of the body of a shell,
yolk and air chamber of a chicken egg
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VA

"‘-'f\ . RN

Width
mm

Figure 4. Projections on a plane YZ of models and real bodies of chicken eggs I, II, 1]

Comparison of the projections of eggs I, II, III and their models overlapping the plane
YZ proves that themodels of chicken eggs reflect the eggs shapes chosen for modelling.

Table 2
Differences in the length measurement of models cross sections and lengths of marked
cross sections of eggs and relative error

Differences between lengths of Relative error
indicated cross sections of the (%)
model and length of the indicated

Distance between indicated
cross sections of eggs

(mm) cross sections of eggs
(mm)

I I I I I I
1 2 3 4 5 6 7
10 3.8 1.9 0.7 10.9 59 22
20 0.5 0 0 1.1 0
30 -0.4 2.3 0 -0.9 -5.6
40 -1.3 -1.7 0.3 -3.1 -4.7 0.9
50 -0.9 -0.1 0.7 2.7 -0.4 3.1
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Table 3

Differences between long axis, short axis I, short axis Ilof chicken eggs I, II, Il and dimen-
sions of their models

Dimension Labelling Differences between basic dimensions of eggs
of an egg and dimensions of their models (mm)
I 60 — [max(Zszl) — min(Zszl)]=0
Long axis II 57.2 — [max(ZszIl) — min(ZszII)]=0
111 56.4 — [max(ZszIIl) — min(ZszI1])]=0
I 47.1 — [max(Xszl) — min(Xszl)]=0
Short axis [ II 42.3 — [max(XszIl) — min(Xsz/1)]=0
11 41 — [max(XszIIl) — min(Xsz/I])]=0
1 46 — [max(Yszl) — min(Ysz/)]=0
Short axis II 11 41.1 — [max(Yszll) — min(YszIl)]=0
111 39.2 — [max(YszIl]) — min(YszII)]=0
Table 4

Differences between length, width, height of airing chamber and a diameter of egg yolk and
the same dimensions of their models

Dimension Differences between basic dimensions of air chamber,
eggs yolk and dimensions of their models
(mm)
I 11 111
Air chamber
Length 8.2 — [max(Xpl) + — 7.4 — [max(Xpl) + — 7.1 — [max(Xpl) + —
min(Xp/)]= 0 min(Xpl)]=0 min(Xpl)]=0
Width 8.1 — [max(Ypl) +— 7.2 — [max(Ypl) + — 7 — [max(Ypl) +—
min(Yp)]=0 min(Yp/)]=0 min(Yp/)]=0
Height 3.4 — [max(Zpl) + — 3.1 — [max(Zpl) + — 2.6 — [max(Zpl) + —
min(Zpl)] =0 min(Zpl)] =0 min(Zpl)] =0
Yolk
32.2 — [max(Xz]) + - 29.8 — [max(XzI]) + — 29.1 — [max(XzI1I)
min(Xz/)|= 0 min(XzI)]= 0 +—min(Xz/I)]= 0
Diameter 32.2 — [max(Yzl) + — 29.8 — [max(YzIl) + — 29.1 — [max(YzIII)
min(Yzl)]= 0 min(YzI)]= 0 +—min(YzZIII)]= 0
32.2 — [max(Zzl) + — 29.8 — [max(ZzZII) + — 29.1 — [max(ZzIII)
min(Zzl)]= 0 min(ZzIl)]= 0 + — min(ZzII)]= 0

The analysis of the results included in table 1 shows that preciseness of chicken egss II
and III is sufficient for practical purposes because a relative error in the indicated cross
sections of the egg II is within -5.4 to 5.9% and for the model of III egg within 0 to 3.1.%.
In case of the I model of egg a relative error of mapping, which is 10.9% occurred at the
length being at the distance of 10 mm. Tables 3 and 4 show that the suggested method pre-

cisely maps the basic dimensions of the composing parts of chicken eggs (shell, yolk, air
chamber).
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Conclusions

1. Bézier patches may be used for modelling shapes of a shell, yolk and air chamber of
a chicken egg.

2. The developed model 3D of the chicken egg body which mapps the shell shape may
serve for representing real eggs everywhere a great precision of mapping the shape is
not required.

3. Mapped Bézier patches of the body of the composing parts of chicken eggs have iden-
tical basic dimensions of a shell (long axis, short axis I, short axis II, yolk surface (di-
ameter) and air chamber (length, width, height) as corresponding chicken eggs.

4. The suggested method of modelling particular components may facilitate mapping the
real shape of chicken eggs, e.g. in various states of their freshness may be used by de-
signers for construing conveyors and separators.
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METODA MATEMATYCZNEGO MODELOWANIA KSZTALTU
POWIERZCHNI SKORUPY, ZOLTKA I KOMORY POWIETRZNEJ
JAJA KURZEGO

Streszczenie. Przedstawiono metod¢ matematycznego modelowania ksztattu powierzchni skorupy,
z6ttka 1 komory powietrznej jaja. Do modelowania ksztattu wybrano jaja kurze o wymiarach: dlugosé
60; 57,2; 56,4 mm, szerokos$¢ 47,1; 42,3; 41 mm i grubos¢ 46; 41,1; 39,2 mm. Do odwzorowania
ksztattu powierzchni skorupy, zéttka i komory powietrznej jaja wykorzystano dwa platy Béziera.
Obliczenia i wizualizacjg zrealizowano w programie komputerowym Mathcad. Opracowany matema-
tyczny model 3D ksztattu jaja kurzego i jego podstawowych elementow mozna wykorzystaé¢ do
modelowania i sterowania operacjami technologicznymi procesow produkcji i przetwarzania jaj.

Stlowa kluczowe: jajo kurze, skorupa, zottko, komora powietrzna, ksztalt, powierzchnia, ptaty
Béziera, model matematyczny.
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ARTICLE INFO ABSTRACT
Article history: The objective of the study was to analyse the policy and economy of
Received: July 2014 renewable energy sources development in the Northern Black Sea
Received in the revised form: Coast of Ukraine. Presently the share of the renewable energy re-
August 2014 sources in the power balance of Ukraine is rather small, namely 0.3%
Accepted: September 2014 of the general development of the electric power. Nevertheless,
Ukraine has huge potential with this regard. The accepted power
Keywords: strategy of Ukraine till 2020 has to play an important role. The poten-
policy of renewable energy sources tial of renewable energy sources in Ukraine makes 113 million tons of

energy safety equivalent fuel whereas taking into consideration the modern level of

production, traditional energy sources can provide Ukraine with 68
million tons of equivalent fuel with fuel and energy resources. The
required theoretical level of the research included the use of analysis,
comparison and synthesis. The analysis of the alternative energy
development, which aims at experience and forecast of possible ways
of development has given the opportunity to obtain the result of the
research within vertical (historical) and horizontal (functional) scopes.
In the southern regions of the country the investment projects aiming
at the creation of power plants, working with sun and wind energy are
actively carried out. The Northern Black Sea Coast of Ukraine is the
most suitable region for development of this branch of alternative
power engineering.

Introduction

The excessive growth of energy consumption in the country was presented in «The En-
ergy Strategy of Ukraine through 2030», so now the significant budget funds are invested in
building the energy capacity. According to the strategy, the level of energy efficiency in
2030 Ukraine will reach Poland nowadays. The alternative energy sources are the priority
in many countries, both developed and still developing. It is based on the need for energy
safety in the European Union and it was decided that the renewable energy will have made
up 20% by 2020. The development of the renewable energy sources is one of the priority
directions promoting the achievement of the energy safety by Ukraine. Ukraine has its own
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technology, their manufacturers and integrators of the modern energy systems, but we have
to develop the alternative sources that faced the administrative barriers and monopoly pro-
viders of the traditional energy sources (Shevtsov, 2004; Sinchuk et al., 2013).

The objective and the scope of the study. Policy and economy of the development of re-
newable energy sources in the Northern Black Sea Coast are discussed in this article.

The research methods include the analysis of the alternative energy development, com-
parison of the potential of renewable energy sources and the synthesis of the results of
research into vertical (historical) and horizontal (functional) scopes.

Main part. According to the Institute of Renewable Energy National Academy of Sci-
ences, the total potential of renewable energy amounts to 113 million tons of equivalent
fuel and it can provide Ukraine with fuel and energy resources completely (Esypov, 2011;
Khmara, 2010). Figure 1 shows the potential of the renewable energy sources (tons of
equivalent fuel). Modern mining energy of equivalent fuel is 68 million tons. Thus the
potential of renewable sources of energy can ensure Ukraine's fuel and energy resources
completely (Kordon, 2010; Perga, 2009).

60

50
50
40
30

20
20 13
12
) : l 7 I
3
o I e | |
solar geothermal hydro small hydro  biomass wind coal mine
methane

Figure 1. The potential of the renewable energy sources (tons of equivalent fuel)

Now this branch is most intensively developed in the Crimea. Today three available on
the peninsula of solar power stations have got 187.5 MW of the electric power. Also six
Crimean wind power plants make generally 70 MW of electricity. In energy balance of the
Crimea the share of alternative energy makes about 20%. According to the Ministry of
Ecology and Natural resources, functioning of alternative power plants in the Crimea re-
duces emissions of carbon dioxide in the atmosphere by 250 thousand tons per year
(Taranenko, 2011; Gnatush, 2013).

It has taken away the land plots with a total area of 3.196 thousand hectares for place-
ment of objects of alternative power engineering in the Kherson region. The development
and coordination of project’s documents with regard to allocation of the alternative power
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engineering objects proceeds by area of 100 more hectares of lands. For the «solar» poten-
tial the Kherson region occupies one of the first positions. The quantity of sunny days in
a year reaches 240, or 65%. Average solar insolation in this area is 1.25 MWh-m™ a year.
The flat relief of this territory promotes the development of the solar power (Gnatush,
2013).

Mykolaiv district has excellent starting conditions for the development of the alternative
energy. The number of sunny days in the Ochakov area is about 300 cloudless days per
year. Around 10% of the total wind potential of Ukraine is focused on the territory. The
development of the alternative renewable energy sources is the priority of the Program of
Economic and Social Development of Mykolaiv region in the future years. The construc-
tion of renewable energy will not only gain extra energy generating capacity for the re-
gion’s needs, but also attract the significant investment in the local economy, create hun-
dreds of new jobs, develop the infrastructure and favor implementation of the important
social projects.

In 2013 in the Mykolaiv district the renewable energy sources has brought 400 MW of
energy, and this year the level is in one GW, i.e. one million kilowatts that is equal to the
power of one block of a nuclear power plant. According to the State plans it is expected that
10% of all obtained energy will be undertaken from renewable sources by 2015. In 2020
this figure will be 20%, in 2030 — 30%, and in 2050 — more than 50%.

In the Mykolaiv district the wind park «Ochakov» (Figure 2) with 500 megawatts works
and the Tiligulsky hydroelectric power station is planned to be built. This project is invest-
ment attractive. In the present conditions the payback of the solar stations makes up 5 years,
and the wind ones — 7. In 2013 in the Mykolaiv district the first solar plant of 29.3 MW
power was opened. The power plant consists of 121,176 polycrystalline solar modules
installed in 4 rows, and 27 inverter stations. It is planned to establish the similar 6 environ-
mentally friendly power plants in 6 regions of the territory.

Figure 2. The wind park «Ochakovy
in the Mykolaiv district of Ukraine
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The most promising areas in Mykolaiv region for the development of wind power is the
Ochakov and Berezan wild fields with the total area of 4,000 hectares. With the aim of
harnessing the wind energy potential of the Mykolaiv region «Ochakov Windy Park Pow-
er» implements the investment project for the construction of the wind station, which an-
swers to the trend of «New energy» Ukraine national projects.

During 2013 the wind installations Ltd. «Ochakov Windy Park Power» 117.8 mil-
lion kWh energy was produced. In addition, «Ochakov Windy Park Power» has been de-
signing the construction of three wind farms. The planned design capacity of the Ochakov’s
wind power plant is 300 MW (120 wind installations). The total amount of investment for
the construction of the Ochakov’s wind power plant is expected to be 6 billion USD. Put-
ting into operation the Ochakov’s wind power plant at full capacity will be able to save the
equivalent of 30% power of 1 nuclear reactor of the nuclear power plant.

The share of the installed capacity of wind turbines wind of Mykolaiv district from
01.01.2014 is 10% of the total operating power of the wind of Ukraine. Implementation of
these projects of construction of wind power plants in Mykolaiv district will increase the
installed capacity of the wind power to 1,000 MW and attract investments in this territory
of 20 billion USD. The main problem of the wind energy development in Mykolaiv district
is the lack of the electrical networks for attaching the wind plants to the united energy sys-
tem of Ukraine. The cost of the construction of the electric networks voltage 35 kW and
150 for joining the wind plants is estimated at 600 million USD.

The investment projects of building solar power plants are supported in Mykolaiv ob-
last. At this time, the projects for the construction of solar power plants are planned to be
carried out in the seventh regions. The implementation of the projects for construction of
solar power plants will take place with the help of investors. The project «Voskhod Solar»
is carried out outside the settlements within the territory of Berezan district of Mykolaiv
district. From 01.01.2014 Ltd. «Voskhod Solar» construction of the solar power capacity of
52.9 MW was completed. Currently the works with connecting power to the joint power
system are being carried out. The cost of the attracted investment is valued at 1.3 billion
USD. The project «Pluton Solar» will be performed within the Kazankivsky district of
Mykolaiv region. The installed capacity of the specified plant is 10 MW, the estimated cost
of the attracted investments is about 28 million euro. The project «Neptune Solar» was built
within the Voznesensky district of Mykolaiv oblast (Figure 3). The installed capacity of the
specified plant is 29.8 MW, the cost of the attracted investments is 775 million USD. With-
in the period of May-December 2013 24.9 million kWh of electricity was produced by the
solar power plant.

It is a definite environmental policy of the district to replace fossil fuels with alternative
types of energy based on the biological materials. Therefore, the area of winter rape up to
65,000 hectares was increased. There are about 50 businesses which are able to provide the
biological raw materials for processing it into energy. On the basis of JSC «Zeleny Gay»,
which is located in the Voznesensky district, the line of processing branches after trimming
was established. Moreover, biomass for the production of biogas that is burned in the co-
generating setup type Cento T120S (capacity 125 kW, thermal — 160 kW) is provided.
Biogas installation can metabolize 10 tons of green material per day, capacity of 2,000 m’
of biogas per day. The heat from the cooling of the generator can be uses for heating green-
houses covering 15 acres. The expected savings in transitioning into natural gas is about
500, 000 m® per year.
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Figure 3. Project «Neptune
Solary in the Voznesensky
region of Mykolaiv district

Odessa district is the leader among regions of Ukraine in construction of the solar power
stations. Four solar energy stations with the power capacity of 184 MW are already put into
the operation. While in Odessa district there are no successful projects of the wind use for
the electricity development. But in some of the southern areas the measuring towers are
installed which measure the wind speed. Furthermore, there are perspectives for installation
of the wind-driven generations in the next five years.

Conclusion

The Northern Black Sea coast of Ukraine is the most favorable in Ukraine for the de-
velopment of the renewable energy, especially wind and solar power plants. Therefore,
there are all the investment projects for the development of the alternative energy.

The environmental public policy and economy in the district aims at the investments in
the wind energy industry to reduce the dependence from hydropower, as well as investing
in the solar panels for the population and buildings in the city also to reduce the dependence
from the grid. For the realization of the energy strategy the Ukrainian authorities should
resolve two tasks. Firstly, they should improve the administrative conditions for creation of
new energy companies and allow individual users to provide energy to a common network.
Secondly, to support the production of energy from alternative sources which have great
potential.
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ROZWOJ ODNAWIALNYCH ZRODEL ENERGII
NA POLNOCNYM WYBRZEZU MORZA CZARNEGO

Streszczenie. Celem pracy jest przedstawienie polityki i gospodarki na rzecz rozwoju odnawialnych
zrodel energii na poétnocnym wybrzezu Morza Czarnego na Ukrainie. Obecnie udzial odnawialnych
zrodet energii w bilansie energii Ukrainy jest niewielki i stanowi tylko 0,3% ogodlnego potencjatu
energetyki konwencjonalnej. Niemniej jednak Ukraina posiada ogromny potencjat w odnawialnych
zrodtach energii. Przyjeta strategia udzialu OZE w bilansie energetycznym Ukrainy do 2020 roku ma
do odegrania wazna rolg. Potencjat odnawialnych zrodet energii na Ukrainie oceniany jest na pozio-
mie 113 mln ton paliwa umownego, natomiast biorac pod uwagg nowoczesny poziom produkcji,
zrodta tradycyjne sa w stanie dostarczy¢ Ukrainie 68 min ton paliwa umownego w postaci zasobow
paliw i energii. W celu spelnienia wymagan zwiazanych z poziom teoretycznym badan zastosowano
metodg analizy, porownania i syntezy. Analiza rozwoju alternatywnych Zrodel energii, ktorej celem
byto doswiadczenie i prognoza mozliwych sposobow rozwoju umozliwilta uzyskania wyniku badania
w zakresie pionowym (historycznym) i poziomym (funkcjonalnym). W potudniowych regionach
kraju projekty inwestycyjne ukierunkowane na budowg elektrowni, pracg z energia stoneczng i wia-
trowa sa aktywnie realizowane. Potnocne wybrzeze Morza Czarnego na Ukrainie jest najbardziej
odpowiednim obszarem dla rozwoju tej galezi energetyki alternatywne;.

Stowa kluczowe: polityka z odnawialnych zrodel energii, bezpieczenstwo energetyczne
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ARTICLE INFO ABSTRACT

Article history: Composting of biological waste constitutes an exothermic process.
Received: August 2014 Some heat generated during composting is required to maintain the
Received in the revised form: process and possible batch disinfection. The compost heap tempera-
September 2014 ture increases often during the process up to 80°C. According to the

Accepted: September 2014 literature, the most advantageous composting temperature of the

thermophilic phase is the temperature of 55°C. However, excessive
Keywords: heat collection may be used at another location. Yet temperature
composting inside the composting material shall not decrease below 50°C as it
comp tlett{zg process control may cause slowing down or even inhibition of the composting pro-
/hfg ch%Zti on cess. During composting, air supply (oxygen) is crucial to ensure

optimum conditions for microorganism growth. Therefore the proper
control of heat collection and airing process is required. The paper
presents the fuzzy logic and LabView language based application that
ensures control of the composting process. Conducted tests of the
workstation and application confirmed heat collection of 101 MJ and
pumping 0.68 m* of water.

Introduction

Composting relates to the natural process that enables processing of biologic waste and
conversion into a natural fertilizer. Such a natural process follows spontaneously. However,
in case of a large quantity of waste the process may be improved with some intentional
actions. Composting process depends on the main three following factors.

C/N ratio of charge. Impact of this parameter on the composting process has been de-
scribed in many papers — (Peigne, 2002; Rosik-Dulewska, 2010). The optimum carbon to
nitrogen ratio during composting shall be between 25 and 35. If this parameter is out of this
range the composting process will follow very slowly or release will follow of ammonia
large quantity (Guo et al., 2012).

1 This work was financially supported by the Polish Ministry of Science and Higher Education.

The research grant number N N313 700740. Controlling the process of composting biomass of
agricultural origin with simultaneous heat removal.
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Compost internal temperature. The temperature increase during composting relates to
a natural process. Depending on the mass of the composted material, temperature of the
composting bed may be over 80°C. Proper temperature during composting process shall be
approx. 55°C, and at the same time, the higher the temperature the higher release of ammo-
nia and carbon dioxide follows (Pagans et al., 2006), and on the second hand the decrease
of the temperature results in slowing down the composting process and inhabitation in
extreme cases as well.

Composting bed airing. In case of natural composting, airing follows during heap
overturning provided on regular basis — and the composting process follows properly often
also without overturning. Yet it results in the long total time of composting (often over
6 months). Intense airing shortens composting up to approx. 30-60 days depending on the
composition and volume, and simultaneously reduces ammonia release (e.g. Yang et al.,
2013). According to Wang et al. (2013) a single composting session takes a few weeks,
around 60 days depending on the additives applied to improve compost properties. Whereas
according to Guo et al. (2012) the composting process takes around 40 days. Excessively
intensive airing causes the temperature decrease inside the bed and simultaneously reduces
heap moisture — which results in a longer period of the composting process or inhibition of
the process in extreme cases (Puyuelo et al., 2010; Kulcu and Yaldiz, 2004).

To sum up — for the proper composting process, the proper control should be provided
regarding substrates/composition purposed for composting to ensure appropriate C/N ratio—
it may also be improved with the use of special additives — (Dach et al. 2009) — although
sometimes it may not be possible. Also proper temperature shall be maintained inside the
bed — according to the literature the most advantageous temperature for the second (ther-
mofilic) phase of composting is 55°C. The higher temperature ensures disinfection of the
obtained humus (Lashermes et al., 2012; Raj and Antil, 2011) — but not all materials pur-
posed for composting require disinfection, e.g. the agricultural industry wastes, mowed
grass, fallen leafs etc. In case of composting this type of material, it is possible to collect
the excessive heat to ensure internal bed temperature of 55°C, whereas the collected heat
may be used at other location — e.g. for heating the ground of a greenhouse. Intensity of
provided airing shall also depend on the phase of the composting process.

According to the above information, the following assumptions have been made regard-
ing control — the input values included:

Internal bed temperature, intensity of heat collection and airing, and potential dependent
output values included: intensity of airing and intensity of heat collection.

The designed control system was based on the fuzzy logic. The world literature included
some examples of the fuzzy logic used for this purpose (Castelli and Ferrari, 2007). Where-
as the fuzzy logic based control system for the composting process only has been referred
to in other papers (Giusti and Marsili, 2010; Qin et al., 2007; Xi et al., 2008). The general
input regarding the fuzzy logic based control systems has been described in many works,
e.g. (Gerla, 2005; Mamdani, 1977; Muhamad and Ali, 2008) and many others.
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The objective and the scope of the research

The objective of the paper was to provide the control system for the process related to
heat collection, airing and the internal bed temperature based on the fuzzy logic, integrated
with the process parameters archiving and performance verification.

Description of the control system structure

The control system has been based on fuzzy logic with the use of:

— CompactRIO NI 9024 controller, provided with an incorporated drive that cooperates
with LabView based applications purposed for control, registration and analysis of the
measurement data, as well as for uploading the control program, reading of the meas-
urement data, fitted with USB port and RS232 serial port;

— Extension NI 9113, with FPGA system, fitted with 4 slots for any cRIO module and
possibility of automatic control, as well as signal conversion with LabView.

— 2 multi-function modules NI 9217 to be connected to Pt 100 sensors

— NI 9381 module, with 8 channels 12-bite analogue inputs, from OV to 5V where an
inverter and a flow meter are to be connected;

The application was developed with LabView 2012 software. The first step is related to
programming of all above mentioned elements of a driver. After selecting PPM option,
drop down menu of Project Untitled is displayed, where you can add CompactRIO NI 9024
controller and then add Reconfigurable Embedded Chassis NI 9113. Next insert twice
NI9217 module.

NI 9381 module shall not be inserted to the software in the same way as NI 9217 mod-
ules.1

To use NI 9381 multifunction module, firstly FPGA Target should be defined. Upon
system configuration regarding hardware proceed to create a new Virtual Instrument (VI).

NI 9381 module subprogram

As NI 9381 module is fitted with analogue inputs and outputs, as well as digital inputs
and outputs, an additional control subprogram need to be developed.

Flat Sequence structure is within While Loop — Fig. 1 — analog.vi. Sequence follows
with four steps:

1. Time loop — 500 ms

2. Functions FPGA I/O NODE, to which specific inputs were assigned. Elements that
control inputs are the outputs of analogically controlled devices. The value of device
analogue output will be inserted at Numeric Control (in airing, in heat collection).

3. Time loop — 500 ms, ensures conversion from analogue into digital of the input data and
conversion from digital into analogue of the output data. Interrupt — makes for the key
element of a subprogram. Actually it is a simple alternative of FIFO for data transfer to
a proper software. When a signal is present in the second sequence, next activation fol-
lows of Interrupt which enables the data transfer to the proper program. Next the proper
program upon logic functions completion provides for data conversion and sends data
back to Interrupt, which gives approval and sends data to the analogue device outputs
(fourth sequence).
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4. Functions FPGA I/0 NODE, to which specified outputs are assigned. Control of outputs
is provided with inputs of the analogue controlled devices. Value of analogue device in-
put is shows on Numeric Control (out airing, out heat collection).
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airing output
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heat collection output

Figure 1. NI 9381 module control subprogram

Core control application

Figure 2 describes the core control application.
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For the purpose of transparency, the application was divided into 5 areas which were
described one by one. Figure 2 related to 1 area and FPGA Target sequence (Open FPGA
VI Reference), which enables data transfer activation from the subprogram (Figure No. 1).
When connected to Invoke Method it plays a function of waiting for Interrupt (waiting until
data appears for conversion). Read/Write Control ensures reading of input data.

The software part covered with area no. 2 Read/Write Control provides recording of
outputs in charge of airing and heat collection, whereas Invoke Method ensures approval
for transfer of the proper data sent to the Subprogram on inputs of the analogue devices.
Close FPGA VI Reference closes the communication between the Subprogram ,,analog.vi”.
Open and Close FPGA VI Reference are outside structure of While Loop and are used only
during new activation of software and deactivation.

Heat collection, input/output and airing input/output make for the Numeric Indicator
blocks located within area no. 3 that display values of input and output on analogue chan-
nels of controller. Data from heat collection and airing input is transferred to Build Array
table along with an average of six temperature sensors inside bioreactor. Values from table
are saved in Write To Spreadsheet File block on spreadsheet. Next dataset is forwarded to
FL Fuzzy Controller that plays a function of a regulator and converts data on the basis of
the inserted principles. The recorded principles are taken up from external file with the use
of FL Load Fuzzy System. Upon leaving the regulator data is sent to Index Array block,
which breaks up the structure of spreadsheet for particular data. Output values ensure dis-
playing of output data, for the purpose of verification at this phase.

Elements within area no. 4 — Time Delay2 is in charge of the application operation in-
terval. Outputs of pt100 resistance sensor temperature from two analogue NI9217 modules,
send values of temperature to the Compound Arithmetic block, where summing follows,
and then are forwarded to Divide function where are divided according to the number of
temperature sensors. Before summing of temperature values, they are inserted on Array
Table and recorded in a spreadsheet. Moreover graphic displaying was provided of average
temperature with the use of the analogue thermometer and digital with the use of a numeri-
cal block. Area 5 — Set Dynamic Date Attributes assign a subheading for data. Current
timer and date is assigned by Get Date block, and next Format Date changes data type into
String. Output data is recorded with Write To Measurement File block.

Layout of input and output variable data sets, as well as the fuzzy logic principles set
were used as referred to in the paper of Neugebauer et al. (2014).

Research results and analysis

Upon assembly of the workplace the test was carried out. The drum of a bioreactor was
filled with water and heated with electric heater at ambient temperature of 20°C. For the test
water was used at quantity of 180 dm’ at output temperature of 8.94°C, heater 900 W.
Water heating to temperature 55°C took 15 hours. Heat collection followed for 40 hours.
Upon 55 hours the heater was turned off and measurements followed during cooling — up to
70.5 h. The results were as follows:

— 101 MJ of heat collected on a cooling system;

— 0.687 m® — qty of water pumped by heat exchanger.
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Figure 4, 5 and 6 presents diagrams of average temperature, airing and heat collection
values during the test.
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Figure 4. Temperature values in fermentation tank during tests with water
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Figure 5. Intensity of airing in fermentation tank during tests with water
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Figure 6. Heat collection in fermentation tank during tests with water
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Conclusions

1. The conducted initial research indicated usefulness of the developed control system and
application for control of biological wastes composting process.

2. For the purpose of full control over biological wastes composting process, sensors may
be connected to the control system for the measurement of moisture and oxygen content
in the air discharged from bioreactor.

3. Thanks to the use of CompactRIO controller and LabView software, possibility was
ensured for smooth and quick modification of the control system parameters.
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STEROWANIE PROCESEM ODBIORU CIEPLA I NAPOWIETRZANIA
W PROCESIE KOMPOSTOWANIA PRZY POMOCY STEROWNIKA
COMPACTRIO

Streszczenie. Proces kompostowania odpaddéw biologicznych jest procesem egzotermicznym. Czgs$¢
powstajacego w procesie kompostowania ciepla jest potrzebna dla podtrzymania samego procesu i
ewentualnej higienizacji wsadu. W pryzmie kompostu w czasie procesu temperatura wzrasta czgsto
do 80°C. Wedlug literatury najkorzystniejsza temperatura kompostowania w fazie termofilnej jest
temperatura 55°C. Nadmiar ciepta moze by¢ jednak odebrany z kompostu i wykorzystany w innym
miejscu. Nie nalezy jednak dopusci¢ do tego, aby temperatura wewnatrz kompostowanego materiatu
spadia ponizej S0°C poniewaz moze to spowodowaé zwolnienie lub nawet wstrzymanie przebiegu
procesu kompostowania. W trakcie kompostowania trzeba dostarcza¢ powietrze (tlen), aby zapewnié
mikroorganizmom optymalne warunki rozwoju. Wynika z tego potrzeba sterowania procesem odbio-
ru ciepla i napowietrzania. W pracy przedstawiono aplikacje sterujaca procesem kompostowania
napisang w jezyku LabView i wykorzystujaca logike rozmyta. W trakcie prob stanowiska i aplikacji,
w ukladzie odbioru ciepta odebrano 101MJ ciepla i przetoczono 0,68 m* wody.

Stowa kluczowe: kompostowanie, sterowanie procesem kompostowania, logika rozmyta; odbior
ciepta
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Ordinance of the Minister of Economy on detailed conditions of
functioning of the power system and the Manual of Movement and
Operation of Distributive Network. Based on the analysis, which was
carried out, one may assume that the requirements referring to fre-
quency changes, efficient value of the supply voltage, voltage unbal-
ance and its deformation from the sinusoidal waveform have been
met. In the period which was covered by the research, during the wind
turbine work, insignificant surpasses of the admissible level of the root
mean square of voltage were reported, but their number constituted
less than 0.07% of observations. During the research, also 20 voltage
dips of values exceeding 10% of the rated voltage, average depth of
which was 172V were reported. In majority these were disruptions
caused by other receivers connected to the network.

Introduction

Wind is one of the renewable sources of energy, energy potential of which is estimated
at the level of power equal to 40 TW (Korban, 2010). First mentions on the use of wind
energy by man reach 3000 B.C. When sails for boat drive began to be used in Egypt. Few
hundreds years later around 640 B.C. first information on the use of wind, inter alia, for
mills drive and drying off rice fields in China appeared. Windmill structures construed then
had a vertical axis of rotation. In Europe, windmills started to be built in the 12th century
and in majority these were windmills with the horizontal axis of rotation. Whereas, the first
wind power station was built in Denmark by Poul La Cour in the end of the 19th century.
Since that time, many structures of wind power stations had been developed, which differ
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both on account of the mechanical solutions as well as the structure of the generators of
electric energy applied there (Kaldellis and Zafirakis, 2012; Niedzwiecka-Filipiak and
Borcz, 1998; Polak and Baranski, 2006).

The total power of wind power stations located on all continents in 2011 was 240 GW
and increased in relation to the previous year by approx. 40 GW. The highest increase by
18 GW of the installed power was reported in China. Next positions were taken by the USA
(6.8 MW) and India (3MW). In all countries of the European Union a total increase of
power by 9.6 GW was reported, out of which the highest number in Germany (2.1 GW),
Great Britain (1.3 GW) and Spain (IGW). Assuming an average annual time of operation
of the wind turbine as 2200 hours, the obtained electric energy from the wind sources is at
the level of 528 TWh. Such amount of the produced energy can satisfy approximately 2.7%
of the global demand for electric energy (Global Wind Report, 2011; BTM Consult, 2011).

According to the state as of 31st December 2013 in Poland in the wind power industry
there were 3389.5 MW installed (Polskie Stowarzyszenie Energetyki Wiatrowej). On this
basis, indexes of the power installed in the wind energy industry per one citizen of the value
0.088 kW and also per a km® of the land area at the level of 10.84 kW are the lowest in
Europe. Total volume of electric energy generated in Poland by wind turbines along with
other renewable energy sources in 2013 was 5822 GWh which constitutes over 2.5% of the
total consumption of electric energy (Polskie Stowarzyszenie Energetyki Wiatrowey).

The need to meet obligations resulting from, inter alia, the signed protocol in Kioto on
reduction of the carbon dioxide emission is a strong impulse for the growth of the wind
energy dynamics in Poland, which we have observed in the recent years. However, a sys-
tematic increase of the wind power stations participation in the structure of production units
brings some negative effects. The most frequent problems are those related to a correct
management of generating unit operation, possessed centrally in order to ensure stability of
the system and maintain the required quality of electric energy. Main sources which cause
deterioration of the electric energy is a change of the rotational moment related to a period-
ical shadowing of propeller blades by a tower, change of the rotational moment resulting
from non-uniform wind speed at various heights and impact of the converter systems in-
stalled in some types of wind power stations. The scale of disadvantageous impact on the
operation of the electro-energy system to a great extent depends also on the degree of con-
centration of units which generate wind in this area, distance from conventional wind pow-
er stations and the condition of electricity grid (Iwaniak and Chojnowski, 2009; Kowalski,
2007; Nirmal-Kumar, Nair, Jing, 2013; Stavrakakis G.S., 2012; Tascikaraoglu, Uzunoglu,
Vural, Erdinc, 2011). Problems of low-investing of distribution networks and transmission
grids, and thus unsatisfactory quality of electric energy is especially visible on rural areas
(Reiter and Kukietka, 2011; Trojanowska and Necka, 2010), which on account of availabil-
ity of the area theoretically give the highest possibilities of formation of new wind farms.
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Objective of the paper, methodology and object of the research

The objective of the paper was to analyse the electric energy quality in the place of at-
tachment of a single wind power station to the electricity grid and in particular frequency
and the root mean square of voltage generated by this power station.

The quality of electric energy is characterized as the quality of supply voltage and relia-
bility of its supplies. The quality of voltage is characterized with inter alia frequency of
voltage, its root mean square value and the degree of deformation from the sinusoidal
course. Whereas, reliability of the electric energy supply is described mainly with indexes
concerning frequency, duration and territorial scope of short and long power cuts in the
electric enegry supply.

The objective of the paper was performed based on the author's own research carried
out in a LV switching station located in the place of attachment of a wind turbine of Nord-
tank XLR type with the power 150 kW to the MV distribution network. The object of the
research was located on the territory of Stomianki commune in the northern part of Mato-
polskie Voivodeship. The investigated wind power station was produced in 1997 whereas,
in Poland it has been working since 2007. The research which was carried out, consisted in
the constant measurement of the amount which characterizes the electric energy quality,
which then was averaged and registered in 10-minutes time intervals. For measurements,
which were carried out from July to December 2013 a portable analyser of network pa-
rameters AS-3 Plus was applied. The result of the investigated research was development of
an extensive data base including information on the impact of the wind power station on the
quality of electric energy in the distribution network.

The assessment of the quality of electric energy was carried out based on the require-
ments set forth in the Ordinance of the Minister of Economy as of 4th May 2007 on de-
tailed conditions of functioning of an electro-energy system and the Manual of Movement
and Operation of Distributive Network [Polish: IRIESD]. Based on the obtained results it
was verified whether particular parameters which characterize the energy quality in the
place of attachment of the wind power station to the network of the Distribution System
Operator are met. If in the period of research, surpasses of border values of particular pa-
rameters were identified, according to IRiIESD requirements, it was also checked whether
the total time of their duration within one week, when surpasses were reported, is longer
than the admissible one.

In the effective acts of law, the frequency of the supply voltage is mentioned as a first
parameter which characterizes the quality of voltage. Rated value of frequency for the
whole heavy current system in Poland is 50 Hz not related to the root mean square value of
voltage. Average value of frequency measured for 10 seconds may deviate from the rated
value by £1% for 99.5% of the one week period. Whereas, for the entire week, it may not
change by more than +4% and -6% of the rated value.
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For generating units, attached to the distribution network, it is required that for each
week at least 95% from the set of 10 - minute average root mean square values of the sup-
ply voltage it was within +£5% of the rated value.

Additionally, the operation of the wind power station may not cause sudden changes of
root mean square values of the supply voltage which exceed 3% even during the start-up
and withdrawal of the wind power station. However, if a regular operation of the wind
power station is the source of voltage changes and they have a cyclic nature of frequency
from 10 disturbances per one hour, then the change of voltage may not exceed 2.5%. At the
increase of disturbances frequency above 100, fluctuations of voltage must be lower than
1.5%. Fast changes of voltage caused by the change of power of the wind power station of
frequency 1 Hz should be of amplitude not exceeding 0.7%.

For the supply voltage unbalance it is required that within each week 95% from the set
of 10-minute average root mean square values of the constituent symmetrical, the opposite
order of the supply voltage was within 0% to 2% of the constituent value of a compatible
order.

In the literature, few methods of determination of the unbalance coefficient from the
root mean square values of interfacial tensions (EN 61000-4-30; EN 61000-2-2, EN 61000-
2-4, EN 61000-4-12, TOCT 13109-97, Engineering Recommendation P29) are known.
However, from the research results presented by Kosobudzki (2011) one may assume that
all methods of determination of the unbalance coefficient give comparable results and exist-
ing differences between the obtained results do not exceed few percent.

On account of the paper objective, which consisted in the analysis of the quality of elec-
tric energy, results obtained according to the requirements of the standard PN-EN 61000-4-
30:2011, pursuant to which the value of the tension unbalance coefficient is determined
according to the relation 1, were presented:

/1— 3-6-8
Ky =100%.- |— Y27 1
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i @
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Uy, Upc, Ucy — root mean square values of interfacial tensions.

where:

In the place of attachment of the wind power station to the MV distribution network, the
value of particular higher harmonics referred to the basic harmonic may not exceed 0.7%.
Whereas, coefficient of tension deformation THD; which includes all harmonics to the 40th
row, in total must be lower than 4%.
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Research results

During the research of frequency of the supply voltage, it was between 49.87 Hz and
50.10 Hz independently from the operation of the wind power station. The analyses (fig. 1)
which were carried out, show that in over 80% of observations, frequency of supply voltage
oscillated in a very narrow scope of variability from 49.96 Hz to 50.04 Hz.
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The root mean square value of this voltage was the next parameter of the supply volt-
age, which was researched.

The average 10-minute root mean square values of supply voltage in the period of all
three phases have changed from 224 V to 242 V. In the time when the wind power station
worked or worked but with a very low load (fig. 2) a root mean square value of supply
voltage oscillated between 226 V and 238 V. During the period of operation of the wind
power station with the load exceeding 2.3 kW border values of the tension were 224 and
242 V. Registered average 10-minute maximum values of supply voltage slightly exceeding
the admissible value, which was 241.5 V were registered only at a higher production of
electric energy. The amount of reported surpasses was however only 15 which constituted
almost 0.07% of all observations. One may thus acknowledge that requirements referring to
the root mean square value of the supply voltage were met.

On account of the limitations of the used analyser (low volume of memory), during the
research, only fast changes of the supply voltage values with values exceeding 10% of the
rated voltage were registered. In the period covered by analysis, which was 150 days 20
voltage dips of average depth of 172 V was reported. Its maximum value was 5V. Duration
of disruption oscillated between 40 and 1500 ms and its average value was 0.375 s. Due to
the fact that in 75% voltage fluctuations took place only in the first stage additional re-
search was carried out which aimed at determination whether disruptions came from the
wind power station or from the network. Analysis of time of their appearance showed that
in majority of cases, these disruptions took place in the time, when the wind power station
did not work. Voltage dips during the work were reported only in the period of electric
energy production in extreme conditions when hurricane Ksawery was over Poland. During
the research short stoppages in supply were reported 8 times. Their average time of duration
was 1.2 s and they occurred in all phases at the same time. These events were registered
independently from the electric energy production by the wind power station. However, on
account of the equipment limitations based on the research which was carried out, it is
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impossible to clearly assess whether normative requirements concerning sudden supply

voltage changes are met.
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Figure 2. Histogram of the root mean square value of voltage, when: a) a wind power sta-
tion does not work, b) works with a minimum load of (to 2.3 kW), c) works with a load
above 2.3 kW
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The analyses which were carried out (fig. 3) show that in the whole period of research,
the value of coefficient of voltage unbalance K,y oscillated between 0a 0.6% not exceeding
the border level which was 2%.

Figure 4 presents the course of the distribution function of the relative frequency of the
determined levels of the voltage deformation coefficient THD,. During the research, the
value of the average coefficient of voltage deformation THD; was 1.85 and its maximum
values reached the level of 3.8%. The participation of observations, the level of which ex-
ceeded 3%, was very low and was only 1%. In comparison to the previous research on the
quality of electric energy in rural distribution networks [Trojanowska, Necka, 2010] one
may see that in the researched line of the value of the analysed coefficient it is at the lower
level. The analyses which were carried out show that the requirements of the admissible
deformation of the voltage curve from the sinusoidal waveform are maintained.
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Figure 4. Empirical distribution functions of the voltage deformation coefficient THD
when: a) a wind power station does not work, b) works with a minimum load of (to 2.3 kW),
¢) works with a load above 2.3 kW

Conclusion

Based on the analyses which were carried out, one may recognize that requirements
concerning the changes of frequency and the root mean square value of the supply voltage
have been met. In the period which was covered by the research, during the wind power
station work, insignificant exceeding of the upper border value of 241.5 V were recorded,
but their number constituted less than 0.07% of observations. Moreover, values of coeffi-
cients concerning tension unbalance and its deformation from the sinusoidal course were
within the limits considered as admissible.

On account of the limitation of the applied analyser, it is impossible to explicitly assess
the impact of the investigated wind power station on the sudden changes of the supply
voltage and the index of flickering. Since, during the research only 20 voltage dips were
registered but of values exceeding 10% of the rated voltage, average depth of which is 172
V. In majority, however, these were disruptions, the source of which, are other receivers
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attached to the network. In the further part of the research, the use of the advanced analyser
and the detailed analysis in the above-mentioned indexes is planned.

The research, which was carried out, show that cooperation of single wind powers sta-
tions of relatively low power with electric energy network with a suitable technical condi-
tion, which compose its elements and devices, does not result in deterioration of the electric
energy quality. Unquestionable advantage of diffused generation is limitation of transmis-
sion losses due to limitaton of the distance between the source of its generation and final
recipients.
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CHARAKTERYSTYKA JAKOSCI ENERGII ELEKTRYCZNEJ
GENEROWANEJ W SILOWNI WIATROWEJ

Streszczenie. Celem pracy byla analiza jakos$ci energii elektrycznej w miejscu przylaczenia pojedyn-
czej sitowni wiatrowej do sieci elektroenergetycznej. Cel ten zrealizowano na podstawie badan wia-
snych wykonanych w rozdzielni nN, zlokalizowanej w miejscu przylaczenia sitowni wiatrowej
o mocy 150 kW do sieci rozdzielczej SN. Obiekt badan byt zlokalizowany w poinocnej czgsci woje-
wodztwa matopolskiego. Oceny jakosSci energii elektrycznej dokonano w oparciu o wymagania za-
warte w Rozporzadzeniu Ministra Gospodarki w sprawie szczegotowych warunkow funkcjonowania
systemu elektroenergetycznego oraz Instrukcji Ruchu i Eksploatacji Sieci Dystrybucyjnej. Na pod-
stawie wykonanych analiz mozna uznaé, ze wymagania odnos$nie zmian czgstotliwosci, warto$ci
skutecznej napigcia zasilajacego, asymetrii napigcia oraz jego odksztalcenia od przebiegu sinusoidal-
nie zmiennego zostalo spetnione. W okresie objetym badaniem podczas pracy sitowni wiatrowej
rejestrowano nieznaczne przekroczenia dopuszczalnego poziomu wartosci skutecznej napigcia, ale ich
liczba stanowita niespelna 0,07% obserwacji. W czasie badan zarejestrowano rowniez 20 zapaddéw
napigcia o wartosciach przekraczajacych 10% napigcia znamionowego, ktorych $rednia glebokosé
wynosita 172V. W wigkszosci byly to zaktocenia, ktorych zrodlem sa inne odbiorniki przytaczone do
sieci.

Stowa kluczowe: generacja wiatrowa, energia elektryczna, jako$¢ energii, sie¢ elektroenergetyczna
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employees understand the issues of safety and health at work, they can
use the knowledge obtained in the training in their workplace and
know the hazard in the workplace.

awareness of employee
working conditions

Introduction

The need for adjustment to new, more restrictive provisions of the market economy re-
quires the use of more effective technologies and production lines, new machines and de-
vices in each branch of economy also in the agri-food industry. An improved machinery
park influences a change of the work conditions and many times occupational threats,
which have not been known yet, leading to accidents at work. Each year in Poland as
a result of improper work conditions few dozens of thousands accidents at work take place.
According to the present Main Statistical Office data, the number of injured in 2013 in the
food sector was 5821 people (Main Statistical Office, 2014). In many work establishments,
increased activities related to ensuring work safety through optimal shaping of technical,
organizational aspects and introduction of the work safety and hygiene management system
are undertaken. However, long-lasting effects of activities aiming at safety may be reached
only when in a work establishment, next to the introduction of technological and organiza-
tional changes, shaping awareness of all employees — from a director to a regular employee,
is cared for. Employees comply with principles, regulations and safety rules, only when
they understand them and are properly motivated to perform safe work. All actions under-
taken in order to raise the safety level should be aimed at reaching the aim, which is non-
accident work of all employees of the business. Safety should be ensured for guests who
visit and companies which carry out the commissioned works on the territory of a given
enterprise.
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Ignoring safety provisions and rules by employees and also failure to use the safety
means causes threat to the work safety. The reason for such conduct may be lack of
knowledge and not understanding threats in the work place. Often, also for their own con-
venience or lack of conviction for their use, employees purposefully omit the use of differ-
ent types of protection. Thus, informing employees on the implemented safety means is
necessary, explanation of reasons for accidents and the occupational risk is necessary. Such
actions should cause that employees will implement the safety process on their own initia-
tive. The earlier employees are aware of the need to carry out their work safely, the faster
the safety may authentically become an integral part of everyday activities of each employ-
ee.

Carrying out visualisation of many types of threats, improper, dangerous conducts and
manners of correct conduct is a priority of many companies. More and more frequently,
such manner is used also in vocational guidance and analyses of accidents. Detailed elabo-
ration on accidents with the use of pictures allows drawing employees’ attention to threats
and eliminate the reasons for an accident, before it happens.

Safe work is based on concentration, planning and thinking. Employees' awareness con-
cerning safety is included in the resources, which are the most frequently used and appreci-
ated, and the engagement of which in the safety management system should bring notable
effects.

In order to raise the level of knowledge on occurring threats and manner of their elimi-
nation effective tools, such as subject seminars, discussions, practices are used. Safety rules
trainings should be adjusted to the specifics of work and employees' needs (Milczarek,
2000). Employee's knowledge plays a significant role, also at creating culture of work safe-
ty (Pawlak et al., 2006). Employee, according to the requirements of the Labour Code, is
obliged to train a new employee on the safety rules and to inform him/her on the safety
rules, which are applicable in a company. Moreover, specialist trainings are carried out,
which aim at employees who face specific threats which occur at particular work positions
in the labour institution. Trainings and meetings of particular company departments allow
getting information on current issues and enable informing a greater number of the compa-
ny employees on issues concerning the work safety (Chmielewski, 2009). The employer's
obligation includes also rising professional qualifications by employees. Pursuant to the
provision of Labour Code, an employee may make an attempt in order to rise own profes-
sional qualifications and an employer should enable execution of this task (Labour Code).

One of the elements of shaping the culture of work safety is engagement of the man-
agement in activities which aim at improvement of the safety conditions and work hygiene
(Chmielewski, 2009; Lardner et al., 2002). Meaning of the management engagement in
safety rules issues were emphasised both in the document ILO-OSH 2001 prepared by the
International Labour Office in Geneva concerning guidelines for the work and hygiene
safety management systems as well as in the Polish norm PN-N-18004:2004. In many la-
bour institutions the so-called minutes for safety were introduced (Kostka, 2010). These are
short conversations, carried out by a direct supervisor with a small group of employees.
Subjects of meetings mainly concern specific activities carried out by employees.

Actions based on indirect communication with the use of both traditional media (e.g.
printed training materialism, brochures, leaflets, posters on work safety) and electronic
media (Internet, intranet) are a helpful tool in construing awareness of employees and pro-
moting work safety (Szczygielska, 2009). Organizing competitions with prizes, awarding
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directly at work places of employees, who present a suitable work culture and give a good
example to other employees, safety rules knowledge competitions are another effective
activity which bring positive results in the process of rising employees' awareness. Em-
ployees may report places which are potentially accident prone and ideas for improvement
safety rules as a part of programmes and actions, carried out in establishment which aim at
raising the level of safety (Mauer, 2013).

Work safety culture is shaped and recorded according to the system of accepted rules
among employees of a given enterprise. The pattern will be recorded by employees only
when they understand it and it constitutes an indisputable manner of behaviour. Identifica-
tion with accepted patterns of conduct and awareness of activity is of great significance. As
carly as at the stage of school education, shaping of conduct of a future employee should
take place and it should last during the professional activity.

The issue of safety culture is a difficult issue on account of an individual nature of the
approach to safety. Only a systematic approach that includes all aspects which influence the
safety facilitates evaluation of the safety culture and predicting shortcomings resulting from
habits and behaviour of staff. "Organizational culture may constitute an element of actions
strengthened by leadership and structure, which decides on its relations with the quality
management" (Szczepanska, 2011).

A factor that the best motivates people to work and raises its efficiency is their full en-
gagement in matters of their own enterprise, inter alia, through cooperation of employees
based on the group work. "Employees should be included in the works of a team, which
evaluates the professional risk, in consultations and also in searching for technical and
organizational solutions, which reduce the risk or maintain it at the acceptable level"
(Szczygielska, 2009).

Solution of problems related to the safety is successful only when employees conscious-
ly treat risks, which they face at their work places. When there is a need, they will react at
dangerous situations and inform their supervisors or the safety rules department on it.
Thus, they do not only care for their own safety but also for the safety of their co-workers.

The objective and the methodology of work

The objective of the paper was analysis of the work safety and hygiene awareness
among employees of the food sector. The assumed objective was achieved by carrying out
the author's questionnaire in nine establishments of various agri-food industry branches.
Research was carried out in agri-food establishments in the region of Lublin. Management
of particular establishments did not give their consent to provide the names of enterprises.

At the selection of establishments, the number of employed people and the work organi-
zation system were taken into account. Research was carried out in two diaries which had
automated technological lines and the Diaries which produced a wide assortment of diary
products operated in a three-shift system employing 30 employees per a shift. In the as-
sessed diaries in the research 60% of the employees took part. Manufacturer of pasta, was
another establishment with a 3-shift work. Whereas, a meat factory, where the question-
naire was carried out, is an average-sized work establishment. It specializes in production
of various sausages, smoked products, terrines and raw meat. A fruit and vegetable estab-
lishment is a small manufacture, where production takes place in a one-shift work system
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every day, but in a peak season, the establishment operates in a 3-shift system and addition-
ally employs, employees, which not always are properly prepared. Research was carried out
after the peak season thus the questionnaire was filled in only by 10 employees (at a fixed
number of 15 employees). A herb plant, where the research was carried out, is fully auto-
mated and employees showed high interest in the questionnaire. An automated bakery of-
fering a wide assortment of bakery products (inter alia various types of bread, white and
sweet bakery products), working in a 3-shift system and employing 85 employees was
a next establishment. Breweries belong to big, fully automated production establishments,
where work takes place in a constant system. The last establishment, where the research
was carried out, was the sugar industry establishment which employs over 50 people in
a 3-shift work system.

Issues, which were prepared in the form of 15 category questions concerned the aware-
ness in relation to the work safety in the production establishment with possible answers
YES, NO were dealt with in the questionnaire. The questionnaire was available as a net-
work service and was active for employees for the time of research. A single access to the
form, for each employee was possible after previous obtaining a random code indispensable
for identification of employees from particular establishments. Questions from the ques-
tionnaire were grouped in 4 categories related to: safety, trainings, threats and care for safe-
ty and order in the work place. Whereas, three from among all questions, were not included
in the division into categories. Questionnaires with employees were a supplement to the
questionnaire.

Research results

174 employees of various branches of agri-food industry participated in the question-
naire. Table 1 presents information on the age and education of employees.

Table 1
Division of employees in relation to their age and education
Age group

Education 18-30 31-50 50+ Total

men  women  men  women men  women  men  Women
Elementary 0 0 2 0 1 3 3 3
Vocational 3 0 14 10 9 5 26 15
secondary
Secondary 13 4 23 18 9 14 45 36
education
University 9 5 16 13 0 3 25 21
Total 25 9 55 41 19 25 99 75

As a place of residence, respondents provided: 46% rural areas, 23.5% city up to 20
thousand citizens, 6.9% city up to 21-100 thousand citizens, 2.3% city 100-300 thousand
citizens and 21.3% city above 300 thousand citizens.

All respondents answered positively to questions, which were not included in catego-
ries, i.e. "In your opinion are you well prepared and trained to work at your position?" and
"Have you been informed on the rules of conduct in case of accident at work?". Whereas,
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only in one establishment out of nine, which were investigated, employees said that super-
visors do not verify whether safety rules are complied with. It was confirmed by the an-
swers to the question "Did supervisors verify whether safety rules were complied with". In
the remaining eight enterprises, direct supervisors paid attention to the manner, in which
employees carry out their duties.

Positive answers on three questions from the first group concerning safety were present-
ed in figure 1. In five establishments out of nine, where research was carried out for all
employees, safety is equally significant as work efficiency and quality. Positive answers
from employees from the remaining enterprises, were at a high level - over half of the ques-
tioned answered that safety is as much significant as work quality and efficiency (range 60-
95%) of positive answers). Such attitude of employees towards safety is translated into the
level of culture and conscious safe work performance. Only in one work establishment 58%
of all employees think that sometimes due to production purposes, one should step back
from the safety rules. Whereas in the remaining 8 establishments, 11-37% were for. Simi-
larly, there is no unanimity in relation to usefulness of safety instructions.
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M Do you think that sometimes it is necessary to set aside safety rules for production purposes?
W Do you think that safety rules are useful?

Figurel. Results of positive answers concerning issues related to safety

Positive answers to three questions from the first group concerning safety were present-
ed in figure 2. Usually, employees think that they are well prepared and trained to work at
their positions. Employees are well and systematically informed on threats, risks, protection
means and any undesired situations which occur in the work place. However, despite the
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fact that there are meetings held, at which rules, safety rules and safety rules issues are
discussed in detail, not all employees can transfer the knowledge obtained at the training to
their work place. Confirmation for this situation is the fact that in one establishment, only
8% from among all employees can use the obtained knowledge in practice. Employees of al
establishments agreed that the issues discussed at the meetings rise awareness on the work
safety. Employees of al establishments agreed that the issues discusses at the meetings rises
awareness on the work safety.
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W Do you thlnk that safety rules are useful?
M Do the issues discussed in trainings raise your awareness on the work safety?
MW Can you transfer the knowledge obtained in the training to your work place?

Figure 2. Results of positive answers concerning issues related to trainings

Positive answers to three questions from the third group concerning safety were pre-
sented in figure 3. The fact that over 70% of employees of all establishments see the need
to inform supervisors on noticed irregularities, proves awareness of employees concerning
safety. Employees (70-100%) know the threats which occur at the work place and react on
bad conduct of their co-workers. Only in the establishment no. 4 as much as 80% of em-
ployees remain neutral to bad conduct of co-workers.

The last group of answers related to care for order in the work place was presented in
figure 4. The obtained answers show that in all establishments, employees declare that their
care for order at their work places.
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Depending on the specificity of an establishment, employers provide their employees
with personal protective equipment equipping them with protective shoes, aprons, caps and
masks. Personal protective equipment, which follows from legal provisions, not only is
available but also used by staff. Employees know the safety principles and instructions.
This information favour shaping appropriate conduct related to safe conduct during perfor-
mance of works and at the same time rise the users' trust to the system of compliance of
products with basic safety requirements and efficiency of the market supervision.

Conclusion

Based on the analysis of the results obtained from questionnaires it was determined that
1. Employees from the investigated food sector establishments know the concept of the

work safety and hygiene.

2. Food sector employees from the region of Lublin regularly participate in the trainings
and can transfer the obtained knowledge during the training to their work place.

3. Respondents proved the knowledge on threats, which occur in the work place and after
they notice irregularities they inform their direct supervisors.

4. Awareness concerning the work safety and hygiene is also a care for order at the work
place, which was emphasised by the questioned employees in the questionnaire.

Due to the engagement of all employees, developing conduct principles and organiza-
tional and technical solutions at the work place is possible. In order to improve awareness
within the work safety, habits of save conduct should be worked out in employees. Infor-
mation obtained from the research which was carried out, will be used at developing a pro-
gramme of safety rules in food sector labour institutions in the Lublin region.

References

Chmielewski, J. (2009). Kultura bezpieczenstwa i higieny pracy. Praca i zdrowie 10, 40.

Gltowny Urzad Statystyczny. Monitoring Rynku Pracy. Departament Badan Demograficznych i Ryn-
ku Pracy. (2014). Wypadki przy pracy w 2013 r. Pozyskano z: http://www.stat.gov.pl/cps/rde/
xber/gus/ PW_wypadki_przy pracy 1-4kw 2013.pdf.

Kostka, J. (2010). Minuty dla bezpieczenstwa. Pozyskano ze strony: http://www kirschstein.org
/download/art-sawo-minutes-pl.pdf

Lardner, R.; Fleming, M.; Joyner, P. (2002). Towards a Mature Safety Culture. Institution of Chemi-
cal Engineers Conference, Symposium Series No. 148, Menchester.

Mauer, E. (2013). Kreowanie bezpieczenstwa pracy. Bezpieczenstwo Pracy, 12, 2-5.

Migdzynarodowe Biuro Pracy. (2001). Wytyczne do systemow zarzqdzania bezpieczenstwem i higieng
pracy ILO-OSH 2001. Genewa, ttumaczenie polskie: CIOP, Warszawa.

Milczarek, M. (2000). Kultura bezpieczenstwa w przedsigbiorstwie — nowe spojrzenie na zagadnienia
bezpieczenstwa pracy. Bezpieczenstwo Pracy, 10, 17-20.

Pawlak, H.; Jasinski, K.; Maksym, P. (2006). Tworzenie kultury bezpieczenstwa pracy w zakladzie
przemystu spozywczego. Inzynieria Rolnicza, 6(81), 117-123.

PN-N-18004:2004. Systemy zarzqdzania bezpieczenstwem i higienq pracy. Wytyczne.

Szczepanska, K. (2011). Zarzqdzanie jakosciq. W dazeniu do doskonatosci. Warszawa, wyd. C.H.
Beck, ISBN 978-83-255-1600-0.

Szczygielska, A. (2009). Promowanie bezpieczenstwa pracy w przedsigbiorstwach — na przykladzie
Forum Liderow Bezpiecznej Pracy. Bezpieczenstwo Pracy, 4, 26-29.

Ustawa z dnia 26 czerwca 1974 r. Kodeks pracy (Dz. U. 1998 r. nr 21, poz. 94 z pdzn. zm.).

136



Analysis of awareness of...

ANALIZA SWIADOMOSCI BEZPIECZENSTWA I HIGIENY PRACY
PRACOWNIKOW SEKTORA SPOZYWCZEGO

Streszczenie. Podnoszenie $wiadomos$ci pracownikow w zakresie bezpieczenstwa i higieny pracy
powinno stanowi¢ kluczowa rolg w kazdym zaktadzie pracy. Promowanie bezpieczenstwa ma na celu
zaangazowanie pracownikow w tg problematyke i zmiang postawy. Celem pracy byta analiza $wia-
domosci bezpieczenstwa i higieny pracy pracownikow sektora spozywczego. Analizy dokonano na
postawie opracowanej ankiety, ktorej pytania zwracaja uwagg na kilka istotnych kwestii dotyczacych
poziomu $§wiadomos$ci pracownikéw. Ankieta, ktora zostata przeprowadzona w zaktadach przemystu
rolno-spozywczego na terenie Lubelszczyzny, wykazata ze pracownicy znaja problematyke z zakresu
bezpieczenstwa i higieny pracy, potrafia wykorzysta¢ zdobyta na szkoleniach wiedz¢ na swoim sta-
nowisku pracy oraz znaja zagrozenia wystgpujace w miejscu pracy.

Stowa Kkluczowe: przemyst spozywczy, bezpieczenstwo i higiena pracy, $wiadomo$¢ pracownika,
warunki pracy
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Methane fermentation, which constitutes at the same time a precious
biogas source, is the most frequently applied stabilization method of
sewage sludge. Municipal or industrial sewage does not, however,
provide for the effective biogas production, mainly on account of their

chemical composition. The objective of the paper was to verify sus-
ceptibility to the methanation process of the selected organic sub-
Keywords: strates (refined glycerine, beet molasses, whey) with sewage sludge.
stabilization of sewage sludge The scope of the research covered initial analysis of the raw material
methane fermentation, substrate (pH, dry mass, dry organic mass), methane fermentation of the suita-
biogas efficiency . .

bly prepared samples of fermentation mixtures and the assessment of
biogas and methane efficiency. The highest concentration of methane
was obtained from the mixture of sewage sludge with refined glycer-
ine (63.10%), whereas the lowest — from the mixture with whey
(49.8%).

Introduction

Sewage sludge is a product of sewage treatment and its processing and disabling consti-
tute an essential element of technological processes of sewage treatment.

Sewage which is formed in the municipal sewage treatment plants tends to decaying,
which is related to secretion of unpleasant odours. It is also characterized with high hydra-
tion, which impedes the process of their management. Whereas sludge from industrial sew-
age treatment plants is characterized with the increased content of heavy metals and toxic
components (Magrel, 2002; Pierscieniak and Bartkiewicz, 2011).

During the last few years, sludge production in the European Union has been constantly
increasing, presently even to several tonnes of dry mass of sewage annually. Sludge han-
dling, and in particular the use of sewage sludge, which is formed in the sewage treatment
plants, must comply to the environmental requirements. The provisions included in the

1 This work was carried out under a grant NCN no. N N313 432539: “Assessment of the fertilizer

value and impact on the soil of afterdigest pulpy originating from the process of biogas produc-
tion, with application of different organic substrates”
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Council Directive 91/271/EEC (CEC, 1991) impose construction of new sewage treatment
plants and optimization of work — of those existing. Construction of a higher number of
sewage treatment plants and also the use of more and more effective processes of urban
sewage treatment plants causes the increase of production of the amount of sewage sludge.
Additionally taking into consideration the number of sludge that has been already stored
and very limited perspectives of its storage, these facts constitute a serious problem.

Sewage that is formed during sewage sludge treatment is subjected to the dehydration
and stabilization processes. The most frequently, biological processes are applied: aerobic,
anaerobic, chemical and thermal processes of stabilization of sewage sludge (Miodonski
and Iskra, 2011). Methane fermentation is a popular technology, which improves the quali-
ty of the sewage sludge in the aspect of usage in agriculture, being at the same time a pre-
cious biogas source. However, both municipal sewage as well as industrial ensures effec-
tive biogas production, due to their chemical composition, which is mainly characterized
with carbon deficiency. Issues related to the improvement of biogas efficiency of sewage
sludge, constitute a present research problem of the known scientific centres around the
world. In the selected works, various, interesting solutions have been suggested, which aim
at the increase of biogas production, at optimally conducted methane fermentation of the
sewage sludge. Anaerobic decomposition of this substrate with organic waste is one of the
proposals. Due to the fact that the most favourable relation C:N is 20:30 (Parkin and Ow-
en, 1986; Fugol and Prask, 2011) and the sewage sludge has 6:16, co-fermentation (fermen-
tation in the multi-component system) with organic waste of any type which has high C:N,
may effectively improve balance of nutritious components and cause the increase of the
carbon amount, and consequently raise biogas production (Sosnowski et al. 2007). Among
other advantages of carrying out the process of co-fermentation, the fact of balancing min-
eral components should be mentioned: Na, K, Mg, Mn, dilution of toxic substances, opti-
mal use of the volume of fermentation chamber, reduction of retention time (HRT), in-
crease of the degree of re-digestion of substrates and general decrease of costs.

In the literature, the use of sewage sludge in the process of methane digestion with or-
ganic additives is reported in the form of: pigs and poultry manure (in the first case the
increase of biogas yield was by 40% Borowski et al., 2014) of beet pulp (Montanés et al.,
2013) and grease waste, in case of their use, a considerable improvement of biogas produc-
tivity was obtained , even to 60% (Noutsopoulos et al., 2013; Silvestre et al., 2011; 2013).
These solutions mainly give a high biogas potential including methane. During execution
of the process, however, it is hard to avoid potential operational problems, the most fre-
quently related to: inhibition of methanogenesis, caused by release of ammonia (for exam-
ple at the use of poultry droppings, Borowski et al., 2014), accumulation of LCFA (long
chain fatty acids), unfavourable decrease of pH of the system (Shin et al., 2003; Silvestre et
al., 2014) as well as low-effective reduction impact of digestion - towards pathogens (the
most frequently E.coli), included in added animal droppings (Borowski et al., 2014; Scaglia
et al., 2014). Moreover, high load of a digestion chamber may cause difficulties (Montanés
et al., 2013), formation of digestion foam (Kabouris et al., 2008) or issues related to the
transport of substrates (Pereira et al., 2004). In numerous research, attempts to solve the
mentioned problems are made on account of decisive prevail of advantages: pro-
environmental, economic, social, which result from handling of sewage sludge in co-
fermentation with organic waste.
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In the presented paper, refined glycerine, beet molasses and whey were used as organic
additives to sludge. The most favourable results were reported for a sample of sewage
sludge with glycerine.

The objective and the scope of research

The objective of the research was verification of susceptibility of the mixture of sewage
sludge with specific organic additives on the methanation process and determination of
biogas efficiency of substrate. The scope of the research covered initial analysis of the raw
material (pH, dry mass, dry organic mass), methane digestion of suitably prepared samples
of digestion mixtures and assessment of biogas and methane efficiency according to proper
analytic procedures.

Research methodology

pH Measurement

pH measurement of particular substrates was carried out according to the specific pro-
cedure. Firstly, to two beakers with the volume of 250 ml for 20 g of material was collect-
ed, which was then diluted with demineralized water. A pH-meter electrode (Elmetron
CP215) was kept in the mixture for stabilization of pH value. Measurement was repeated
three times, and results were averaged.

Determination of dry mass

Fresh material,which was collected from a bioreactor to two aluminium forms was
weighed (RADWAG precision to 0.01 g) and then dried for approximately 12 h in tempera-
ture 105°C to the moment of obtaining solid mass.

Percentage content of dry mass is calculated with the following equation:

s =M g0
. (1
where:
s.m. —dry mass (%),
m;  —mass of a sample before drying (g),
m, —mass of a sample after drying (g),
m;  — average mass of an aluminium form~ 6.02 g

Moisture, which is calculated according to the following formula, is a reverse of the dry
mass content of output material (fresh mass):

$.5.=100—s.m. )

where:
$.s.  — moisture (fresh mass) (%),
s.m. — dry mass (%),
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Determination of organic substance content

Method of determination of organic substance content consists in weight determination
of losses at combustion of samples in the temperature of 520°C to the moment of obtaining
solid mass. As a result of roasting we obtain ash (mineral matter) whereas organic com-
pounds included in the mixture, in the set temperature of roasting (520°C) — transfer into
volatile state.

Organic substances content in the investigated sample should be calculated in percent-
ages in relation to dry mass samples according to the equation:

m —nm,

Sorg = - 100
" 3)
where:
Sorg  — organic substance content (%),
m;  —mass of a sample before roasting (g),
m, —mass of a sample after roasting (g).

Preparation of samples

Preparation of digestion mixtures was carried out based on the pH value of substrates so
that it was approximately 7. It is a reaction characteristic for a batch in fermentors of really
working biogas plants as well as optimal for anaerobic bacteria.

Figure 1. Schematic representation of a fermentor for research of biogas production:
1 — water heater with temperature controller; 2 — isolated conduits of heating liquid,
3 — water jacket; 4 — biofermentor with a batch of volume of 1.4 dm’; 5 — pH sensors;
6 — magnetic stirrers of a batch; 7 — temperature sensors; 8§ — record control room;
9 — biogas containers; 10 — cut-off valves; 11 — gas flowmeter; 12 — gas analyser
(CH,, CO,, NH;, H>S, O5)
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Sewage sludge was used in the research, which came from Municipal Sewage Treat-
ment Plant in Wolsztyn. On account of conditions required for correct course of methane
fermentation, it was non-hygienized (pH=6-8). For preparation of fermentation mixtures the
following were used: whey from dairy Ko$cian, molasses from sugar factory Opalenica and
refined glycerine (Bio-Chem Sp. z 0.0. Grodkow). As a factor that initiates the process, pig
manure from an agricutlural farm, which produces pigs, was used. Selection of the so-
called graft resulted from inter alia effects of previous research, which unanimously proved
that pigs manure along with glycerine gives higher biogas yield than combined with cattle
manure (Pilarski et al., 2010). Proper samples were prepared using specific proportions of
substrates, which were presented in table 1. Half less amount of glycerine was used on
account of its high susceptibility to decomposition, which as a result was going to prevent
too fast process of hydrolysis and to protect a sample against acidification in further stages
of methane fermentation (Dach et al., 2009).

Realization of the methane fermentation process

The prepared raw material was subjected to fermentation in biofermentors, which were
designed and performed in the Institute of Biosystems Engineering of the Poznan Universi-
ty of Life Sciences (fig. 1,2 a, b). 9 fermentors were used in the research. Experiment was
carried out for 40 days, in temperature 38°C (mesophile conditions), which was maintained
at a constant level, due to the use of water jacket. Measurement of the amount of obtained
biogas was carried out according to the standard DIN 38 414: Bestimmung das
Faulverhaltens Schlamm Und Sediment (Beuth Verlag GmbH, Berlin, 1985), which is the
most frequently used method in Europe (mainly in Germany, Austria and Holland). Batch
in reactors was mixed every 24 hours for approximately 1 minute. The amount of the pro-
duced biogas was measured each day of the research with the use of a scale placed on the
biogas containers (fig. 2a). Analysis of the quantity composition was carried out for the
volume of the produced biogas which was 1.1 dm®. For the research system MSMR-4/BIO
by ALTER S.A. was applied (stationary analyser of gases in biogas).

a B

Figure 2. a — biogas container filled with water and marked with a scale, b — multi-
chamber biofermentor

143



A. Pilarska, K. Pilarski, A. Krysztofiak, J. Dach, K. Witaszek

Analytic procedures related to the research on biogas and methane efficiency of sub-
strates were developed as a part of the research projects, ordered by the Ministry of Science
and Higher Education.

Discussion on the research results

In the first stage of research, analysis of basic physical and chemical parameters of the
applied substrates, such as: pH, dry mass and organic dry mass, was carried out. Parameters
and proportions of substrates in the prepared samples were presented in table 1.

Table 1
Physical and chemical properties of substrates and composition of fermentation mixtures
Sludge_Wolsztyn Whey Molasses Refined Gr'aft
(without . . . (pigs
L Koscian Opalenica glycerine
hygienization) (B) ©) D) manure)
(A) (E)

Dry mass of

substrates subjected

to fermentation 15.88 4.88 75.68 99.60 3.80
process (%)

Solid residue” of
substrates subjected

. 61.28 86.33 83.19 99.90 79.81
to fermentation
process (%)
pH of the mixture at
the beginning of 6.90 6.85 7.28 7.45 7.51
fermentation
Amount of substrate 200.10 (A)/ 100.00 (B)/ 100.00 (D)/  50.20 (C)/

100.10 (A)/  100.10 (A)/  150.20 (A)/ -
1300.20 () 1300.10 (E) 1300.15 (E)

added to fermenta-

tion (2) 1300.10 (E)

“dry mass — dry mass; DOM — dry organic mass

Reaction of all used substrates is approximately neutral, which is a basic condition for
correct and efficient realization of the methane fermentation process. Refined glycerine has
the biggest dry organic mass and the sewage sludge has the lowest.

Sample (B) with an addition of whey (fig. 3b) fermented in the shortest time and in the
least effective manner. Its initial pH which is 6.85 (table 1) was relatively low with refer-
ence to pH of the remaining substrates and requirements for correct course of the process.
Slightly acid reaction of whey caused inhibition of the process in the entire methanation
process and considerably lowered biogas profitability of this sample (15.80 dm® of biogas,
table 2). Worse results in the discussed case where thus assigned to low pH of the substrate,
which influenced fermentation disorders and as a result to acidification of the process envi-
ronment (pH = 4.59; table 2).
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Table 2
Data concerning biogas yield in the anaerobic fermentation process
Sludgg Wolsztyn Whey Molasses Refined
. . without . . .
Specification hveienizati Kos$cian Opalenica glycerine
ygienization (B) (©) (D)
(A)
Amount of the obtained 17.80 15.80 27.6 334
biogas (dm")
Average content of methane 51.3 49.80 58.40 63.10
in biogas (%)
Amount of the obtained
methane (dm®) 9.13 7.87 16.11 21.20
pH of substrates subjected
to methane fermentation 6.9 4.59 7.1 7.7
Biogas efficiency of the
investigated substrates 26 6 118 338

(dm*kg $.m.")

Next sample, which was subjected to anaerobic fermentation, was a mixture with beet
molasses (C). This sample was characterized with a regular methanation process (fig. 3 ¢).
In the first 7 days a constant increase of biogas production was reported. From the 8th day
of process, performance a daily decrease of biogas yield took place, which lasted regularly
to the 32nd day. Total amount of the obtained biogas was 118 dm’-kg™” é.m., which is
a worse result in comparison to the data included in the literature (KTBL, 2011) and indi-
cates insufficient content of micro and macro-elements in the investigated sample.
No proper quantity of elements which support the methane fermentation process causes
low-effective transformation (the so-called bio-gasing) of biomass in a fermentor.

In practice, sterile substrates or disorders of conditions of the process realization put po-
tential biogas works owners to a danger of considerable economic losses. Thus, maintaining
constant monitoring of biogas works operation on account of the quantity and quality scope
is important, of both produced biogas as well as input substrates and post-fermentation
pulp.

According to data included in table 2, the highest biogas yield took place in case of us-
ing glycerine (sample (D); 33.4 dm’). At the same time, from fermentation mixture with
glycerine, as an organic additive, biogas, which is the richest in methane (63.10%) was
obtained, which is mainly justified with chemical structure of a particle of this compound,
which is characterized with relatively high amount of carbon atoms (C;HgOs).

A plot presented in figure 3d, indicates that intensity of the methanation process of the
mixture (D) in the second week of the research decreased due to the raise of pH inside
a fermentor, caused by too fast rate of hydrolysis and acidogenesis. In the fourth week,
according to the diagram analysis, biogas production increased followed by its extinguish-
ing - in the 34th day. The amount of the obtained biogas is close to literature data (Dach
et al., 2009).
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Figure 3. Daily biogas yields for:a — sewage sludge and b — whey, ¢ — molasses, d — re-
fined glycerine with sewage sludge

Conclusions

1. Whey as a co-substrate with sewage sludge is a low efficient additive (only 15. 8 dm’
of the obtained biogas) and requires strict control during execution of methane fermen-
tation.

2. Beet molasses subjected to methane fermentation with sewage sludge gave lower biogas
yields (27.6 dm®) in the research which was carried out, compared to the literature val-
ues (30-35 dm®), which resulted the most probably from the low quality of the substrate
(limited content of micro and macro-elements).

3. Biogas yield from the mixture of refined glycerine and sewage sludge was the most
advantageous (33.4 dm’). Refined glycerine as a co-substrate raises considerably the
efficiency of the biogas installation.

4. Correct selection of the co-substrate for biogas works constructed at the sewage treat-
ment plants may considerably improve their profitability.

146



Impact of organic additives...

References

Borowski, S.; Domanski, J.; Weatherley L. (2014). Anaerobic co-digestion of swine and poultry
manure with municipal sewage sludge. Waste Management, 34, 513-521.

CEC (1991). Council Directive of 21 of May 1991 on urbane waste water treatment. Council of the
European Communities (Directive 91/271/EEC).

Dach, J.; Zbytek, Z.; Pilarski, K.; Adamski, M. (2009). Badania efektywnosci wykorzystania odpa-
dow z produkeji biopaliw jako substratu w biogazowni. Technika Rolnicza Ogrodnicza Lesna, 6,
7-9.

Fugol, M.; Prask, H. (2011). Poréwnanie uzysku biogazu z trzech rodzajow kiszonek z kukurydzy,
luceryny i trawy. InZynieria Rolnicza, 9, 31-39.

Kabouris, J.C.; Tezel, U.; Parlostathis, S.G.; Engelmann, M.; Todd, A.C.; Gilette, R.A. (2008). The
anaerobic biodegradability of municipal sludge ad fat, oli, and grease at mesophilic conditions.
Water Environment Research, 80,212-221.

Kuratorium fiir Technik und Bauwesen in der Landwirtschaft (2011). Biogaz — produkcja i wykorzy-
stywanie (Poradnik BIOGAZ), Institut fiir Energetik und Umwelt gGmbH, Leipzig.

Magrel, L. (2002). Metodyka efektywnosci procesu fermentacji wybranych osadow $ciekowych. Roz-
prawy naukowe, 93. Wydawnictwo Politechniki Biatostockiej. ISSN 0867-096X.

Miodonski, S.; Iskra, K. (2011). Ocena efektywnosci procesu skojarzonej fermentacji osadow Scie-
kowych oraz odpadow ttuszczowych na przyktadzie oczyszczalni §ciekow w Brzegu. Ochrona
Srodowiska i zasobow naturalnych, 47, 62-69.

Montanés, R.; Pérez M.; Solera, R. (2013). Biomass adaptation over anaerobic co-digestion of sewage
sludge and trapped grease waste. Bioresource Technology, 142, 655-662.

Noutsopoulos, C.; Mamais, D.; Antoniou, K.; Avramides, C.; Oikonomopoulos, P.; Fountoulakis, 1.
(2013). Anaerobic co-digestion of grease sludge and sewage sludge: The effect of organic loading
and grease sludge content. Bioresource Technology, 131, 452-459.

Parkin, G.F.; Owen, W.F. (1986). Fundamentals of anaerobic digestion of wastewater sludge. ASEE
Journal Environment Engineering, 112, 867-920.

Pereira, M.A.; Sousa, D.Z; Mota, M.; Alves, M.M. (2004). Mineralization of LCFA associated with
anaerobic sludge: kinetics, enhancement of methanogenic activity, and effect of VFA. Biotechno-
logy and Bioenergy, 88, 502-511.

Pier$cieniak, M.; Bartkiewicz, B. (2011). Zagospodarowanie biogazu powstajacego w procesie fer-
mentacji metanowej w oczyszczalniach sciekow. Ochrona srodowiska i zasobow naturalnych,
47,47-61.

Pilarski, K.; Dach, J.; Mioduszewska, N. (2010). Comparison of efficiency of methane production
from liquid muck and dung with refined glicerin addition. Journal of Research and Applications
in Agricultural Engineering, 55, 78-81.

Scaglia, B.; D'Imporzano, G.; Garuti, G.; Negri, M.; Adani, F. (2014). Sanitation ability of anaerobic
digestion performed at different temperature on sewage sludge. Science of the Total Environment,
466-467, 888-897.

Shin, H.; Kim, S.H.; Lee, C.Y. (2003). Inhibitory effects of long - chain fatty acids on VFA degrada-
tion and beta - oxidation. Water Science Technology, 47, 139-146.

Silvestre, G.; Illa, J.; Fernandez, B.; A. Bonmati, A. (2014). Thermophilic anaerobic co-digestion of
sewage sludge with grease waste: Effect of long chain fatty acids in the methane yield and its de-
watering properties. Applied Energy, 117, 87-94.

Silvestre, G.; Rodriguez-Abalde, A.; Fernandez, B.; Flotats X.; Bonmati A. (2011). Biomass adapta-
tion over anaerobic co-digestion of sewage sludge and trapped grease waste Bioresource Techno-
logy, 102, 6830-6836.

Sosnowski, P.; Klepacz-Smolka, A.; Kaczorek, K.; Ledakowicz, S. (2007). Kinetic investigations of
methane co-fermentation of sewage sludge and organic fraction of municipal solid wastes. Biore-
source Technology, 99, 5731-5737.

147



A. Pilarska, K. Pilarski, A. Krysztofiak, J. Dach, K. Witaszek

WPLYW DODA,T,K(')W ORGANICZNYCH
NA WYDAJNOSC BIOGAZOWA OSADOW SCIEKOWYCH

Streszczenie. Najczgsciej stosowang metoda stabilizacji osadow sciekowych jest fermentacja meta-
nowa, stanowiaca jedocze$nie cenne zrodto biogazu. Scieki komunalne czy przemystowe nie zapew-
niaja jednak efektywnej produkcji biogazu, przede wszystkim ze wzgledu na ich sktad chemiczny.
Celem badan byto sprawdzenie podatnosci na proces metanizacji wybranych substratow organicznych
(gliceryna rafinowana, melasa buraczana, serwatka) z osadem $ciekowym. Zakres badan obejmowat
wstegpna analizg surowca (pH, sucha masg, sucha mas¢ organiczng), fermentacj¢ metanowa odpo-
wiednio przygotowanych probek mieszanin fermentacyjnych oraz oszacowanie wydajnosci biogazo-
wej 1 metanowej. Najwigksze stgzenie metanu uzyskano z mieszaniny osadu $ciekowego z gliceryna
rafinowana (63,10%), natomiast najmniejsze — z mieszaniny z serwatka (49,8%).

Stowa kluczowe: stabilizacja osadu scickowego, fermentacja metanowa, substrat, wydajnos¢ bioga-
zowa
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Article history: Digestate, as bio-degradable agricultural biogas waste may be subject
Received: August 2014 to the direct management as a fertilizer or, after separation of the solid
Received in the revised form: and liquid phase — solid phase may be subjected to thermo-chemical
August 2014 transformation to biochar. Biochar is a carbonization product with

Accepted: September 2014 high carbon concentration and relatively low decomposition suscepti-

bility, obtained from various types of organic waste (International
Keywords: Biochar Initiative). Biomas carbonization takes place in the torrefac-
biochar tion process in the temperature from 200°C to 320°C. The chemical
Z’," efa,‘;w" composition and utility properties of biochar depend on the substrate
bi‘Z{ ZZ;ZZH tion type and the process parameters. Biochar pbtained frqm biodegradable
biofirel waste may be an element of carbon biosequestration and used as
biofuel, whereas in agriculture — as soil improver, which decomposes
for a long time and which positively influences soil fertility, number
of biogenic components and physical and water properties. The paper
presents characteristic of the torrefaction process, process products
and utility values of biochar from the point of view of energy and the
agricultural value.

Introduction

Along with the development of the biogas sector, amount of the generated digestate in-
creases. It is estimated that to 2020 approx. 2.5 thousand agricultural biogas plants will be
founded, which relates to production of approx. 25 million post-fermentation residues an-
nually (Czekata et al., 2012). Moreover, Poland prohibits storing biodegradable waste of
the content above 5% of the total organic carbon, including digestate (Czekata et al., 2012).

The main trend in managing digestate is using it as a fertilizer directly to the soil, or af-
ter separation — application in the form of a solid and liquid fertilizer or also other use of
the solid fraction, e.g. as energy pellet or litter (Mumme et al., 2011; Troy et al., 2013).
Currently, particularly the second form of using digestate gets significance due to the po-
tential of generating positive economic effects through the limitation of storing costs and
costs of transport to the field as well as the environmental effects through limiting the loss
of nutrients (leaching, oxidization, biogens drop (Lehman and Joseph, 2009; Nelissen et al.,
2014; Zheng et al., 2013).



W. Radawiec, M. Dubicki, A. Karwowska, K. Zelazna, J. Gotaszewski

From among the perspective concepts related to the improvement or development of
new technologies of processing the post-fermentation mass, conversion of the solid fraction
of a digestate to biochar in a themo-chemical torrefaction process draws attention
(Gotaszewski et al. 2013, Mohan et al., 2014; Sun et al., 2014).

The objective and the scope of the study

The objective of this paper is to review the literature on account of usefulness and po-
tential of using a digestate obtained from the agricultural biogas plant for production of
biofertilizer (soil improver) and energy material (biofuel). The paper presents characteristic
of the torrefaction process, process products and the utility values of biochar from the point
of view of energy and agricultural value.

Thermo-chemical biomass conversion - torrefaction

Biochar — according to a definition by International Biochar Initiative it is a carboniza-
tion product in high carbon concentration and relatively low susceptibility to decomposi-
tion, therefore it may be used as a soil improver and an element of carbon sequestration in
soil (Lehman et al., 2011; Mohan et al., 2014; Sun et al., 2014; Sunil and Ajay, 2012;
Zheng et al., 2013).

Production of biochar takes place in the thermo-chemical process of conversion — py-
rolysis. Pyrolysis is defined as a thermal process of decomposition of the organic matter in
the anaerobic conditions within the scope of temperatures 200-600°C (Mohan et al., 2014).
In relation to the parameters of the process, such as: temperature, stop time, pressure and
the type of substrate, one may obtain a product, which is varied on account of the quality
and quantity (Table 1) (Mohan et al., 2014; Sunil and Ajay; van der Stelt et al., 2011). The
highest amounts of biochar are obtained in the slow heating processes, where biocarboniza-
tion product may constitute approx. 35%. Therefore torrefaction is considered to be the
main process of biochar production (Mohan et al., 2014; van der Stelt et al., 2011).

Table 1
Types of thermo-chemical biomass conversion (modified)

Thermo-chemical process

P t . . . . . -
arameter Slow pyrolysis  Torrefaction  Torrefaction  Gasification Hydro-thermal

carbonization
Temperature 350-800 200-300 400-600 700-1500 175-250
scope (°C)
. slow slow very fast
Heating rate (< 10°C/min) (< 10°C/min)  (~ 1000°C/s) fast slow
. . vacuum - raised atmos-
Pressure atmospheric atmospheric . . -
atmospheric pheric

Retention time seconds - ites-hours seconds seconds- hours

hours - minutes
Product Biochar Biochar Biooil Syngas Hydrochar

Source: Mohan et al., 2014
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Torrefaction as a type of thermo-chemical biomass conversion (roasting, carbonization)
is carried out the most frequently within the scope of the temperatures from 200°C to
300°C, in the pressure conditions similar to the atmospheric ones and in the inert environ-
ment. In the subject literature there are also other definitions of the torrefaction process,
such as: roasting, slow and mild pyrolysis, high-temperature drying (Bergman et al., 2005;
Kopczynski and Zuwata, 2013; van der Stelt et al., 2011).

The torrefaction products, depending on the physical state may be divided into three
groups: solid, liquid and gas. The solid phase which constitutes the main product of the
reaction contains the torrefaction product, ash and additionally sugar structures. The sas
phase is composed of permanent gases (H,, CO,, CO, CH,) as well as aromatic compo-
nents, such as benzene and toluene. The liquid components (non-condensing) may be di-
vided into three subgroups: water, organic (generated mainly during degassing) and lipid
(remains after raw biomass) (Bergman et al., 2005).

During the torrefaction process, many chemical reactions take place in biomass, as
a result of which the increase of the condensation and aromatization degree takes place,
which translates into the change in mol relations O/C and H/C (Jinig et al., 2014; Sunil and
Ajav, 2012). Relation of H/C may serve as an index of aromatization degree, whereas O/C
relation constitutes index of carbonization degree (Jinig et al., 2014). It is commonly recog-
nized that biochar has an element relation O/C below 0.4 and H/C below 0.6. Moreover, the
content of the condensed aromatic groups, which increases during the process, known as
black carbon, directly influences the increase of the biochar stability in the environment
(Jinig et al., 2014; Sunil and Ajay, 2012).

Biochar and its utility values in agriculture

Biochar may be used in many fields. In agriculture it may be used as an organic fertiliz-
er that decomposes for a long time, which positively influences the soil fertility, the amount
of biogenic components, physical and water properties as well as biological properties
(Galvez et al., 2012; Gotaszewski et al., 2013; Lehman et al., 2011; Mohan et al., 2014;
Zheng et al., 2013).

The main function of biochar is regulation of dynamics of changes and circulation of C
and N in soil (Galvez i in., 2012; Zheng i in., 2013), due to which it may impact the in-
crease of the organic matter content. High content of stable fraction of organic carbon caus-
es that biochar may take part in the biosequestration of carbon in soil (Mohan et al., 2014).
As reservoir of carbon, which is mineralized slowly, it causes decrease of the greenhouse
effect caused by excessive emission of the greenhouse gases, including CO, (Mohan et al.,
2014). Taking into account that the average time of biochar decomposition in soil (MRT,
Mean Residence Time) is estimated as approx. 1300-4000 years ( Sunil and Ajay, 2012), it
was assumed that through biochar, used on cultivation fields one may permanently depose
428 Gt C (Sunil and Ajay, 2012). Whereas a considerably small content of labile fraction,
biochar which may be subject to fast decomposition, additionally influences the increase
the amount of organic matter in soil (SOM, Soil Organic Matter) and the number of miner-
alized nutrients available for plants (Sunil and Ajay, 2012).

Biochar participates also in a biogeochemical cycle of nitrogen. The research proves
that biochar addition influences the decrease of the nitrification level (decrease of NHj
oxidization); moreover, it influences the increase of the number of the ammonification
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bacteria, whereas through stimulation of nitrogen immobilization influences the reduction
of N,O emission to atmosphere (Zheng et al., 2013). According to the research carried out
by Ding et al. (2010) application 0.5% of biochar to the external layer of soil influenced the
decrease of NH," leaching by 15.2%, through absorption of ammonium ions on the surface
of biochar (Zheng et al. 2013). Reduced washing out of NO; — from soil after the applica-
tion of biochar fertilization was also proved by Knowles et al. (2011). Similarly a positive
impact on nitrogen management was proved in the research carried out by Nelissen et al.
(2014), where limitation of N,O emission by 52-84% and NO by 47-67% was reported.

A positive influence of the biocarbonization product is also reflected in the biological
properties of soil, through the influence on the quality and quantity properties of the soil
microflora (Galvez et al., 2012; Nelissen et al., 2014; Tang et al., 2013; Zheng et al., 2013).
Due to the biocarbonization product properties, such as a big specific surface (approx. 400-
800 m*g™") and a porous structure, good living conditions and development conditions for
the soil microflora are created (Galvez et al., 2012; Sunil and Ajay, 2012). In the research
carried out by Steiner et al. (2004) a considerable increase of the microbiological activity
after the use of biochar fertilization was proved. It could be seen in both the increase of the
amount of biomass of microorganisms, as well as the increase of the biodiversity of the soil
microflora (which additionally may influence stability of the ecosystem and had a nature of
protection against pathogenic microorganisms). The increased microbiological activity
influences the raise of the rate of mineralization, and thus the increase of bioavailability of
nutrients for plants (Sunil and Ajay, 2012).

Physical and chemical properties, such as a developed specific area and porosity posi-
tively influence not only the biological properties (microbiological) but also improvement
of the chemical properties and water relations of soil. Through the increased water retention
(improvement of water-air relations), indirectly influences the decrease of the level of
leaching biogenic components along with soil solution. Biochar acts as a modification filter
for the retention time and the flow of soil solution (Sunil and Ajay, 2012; Zheng et al.,
2013). Moreover, a positive influence of biochar addition on the pH increase and total cati-
on capacity (CEC) was proved and thus availability of nutrients for plants (Galvez et al.,
2012; Nelissen et al., 2014; Tang et al., 2013; Zheng et al., 2013).

The biocarbonization product may be used not only on cultivated soils as a biofertilizer,
but also may be used in the remediation process of polluted and reduced soils, inter alia
through inactivation of polyaromatic hydrocarbon and heavy metals bioavailability (Jinig et
al., 2014; Mohan et al., 2014; Tang et al., 2013;). As Mohan et al. (2014) state biochar may
play a role of a sorbent of the toxic organic compounds, such as pesticides, polycyclic aro-
matic hydrocarbons and synthetic chloro- and phospohorus — organic compounds. The use
of carbon as a toxic sorbent is also presented in Sun et al. (2011), who shows ability to
remove the phenatren (Phen), bisphenol A (BPA) and estradiol (EE2) compounds from
water. Moreover, the potential use of the biocarbonization product. Moreover, possible use
of biocarbonization product for removal of non-organic pollution, due to high sorptive
properties in relation to heavy metals such as Pb* *, Cu*’, Ni*", and Cd*’, was proved by
Inyang et al. (2012) and Han et al. (2013).
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Biochar as biofuel

In the power industry, drying digestate limits humidity, which constitutes ballast during
storing and transport and also during the combustion processes or co-combustion of the
dehydrated digestate in a heating plant, heat and power station, power stations and other
industrial facilities (Kopczynski and Zuwata, 2013; Liu et al., 2013). High biomass humidi-
ty influences not only the increase of the transport costs but also the decrease of energy
concentration (lower energy density). A high level of the water content during storing fa-
vours the biodegradation processes of the organic matter and thus from the point of view of
power industry — lowering energy value. Moreover, hydrated biomass creates favourable
conditions for pathogenic microflora development, which is dangerous for human and ani-
mal health. Fresh or dried digestate is a problematic fuel also from the point of view of
installation, influencing its faster exploitation, therefore also in the co-firing processes,
participation of this type of biomass is admissible and it should constitute up to 10%
(Kopczynski and Zuwata, 2013). It means that energy potential of the remains from biogas
plant may be increased through biomass torrefaction, which next to the processes such as
drying of briquetting or pelleting may determine the wider energy use (Kopczynski and
Zuwata, 2013; Liu et al., 2013; Troy et al., 2013).

During the torrefaction process, the loss of mass takes place in biomass (decrease of
humidity) and chemical energy of raw material. The obtained product of carbonification —
torrefaction product characterizes with an increased uniformity of material, grinding sus-
ceptibility and energy density (concentration), obtains also a hydrophobic nature. As
a result of loss of mainly oxygen and hydrogen, it resembles carbons with its physical and
chemical properties (Kopczynski and Zuwata, 2013; van der Stelt et al., 2011). Parameters
of the selected biochars as biofuels were presented in Table 2.

Table 2

Characteristics of biochars as biofuel. Designations of substrates used for biochar produc-
tion and temperature of the process: 1. Solid fraction of the digestate from pig manure
(600°), 2. Coconut fibre (220°C), 3. Coconut fibre (250°C), 4. Coconut fibre (300°C), 5.
Digestate from corn silage (190°C) 6. Digestate from corn silage (230°C) 7. Digestate from
corn silage (270°C)

P ‘ Substrate

arameter 1 2 3 4 5 6 7
Volatile substances (% d.m.) 69.7 69.8 67.9 53.6 - - -
Ash (% d.m.) 22 6.2 5 43 1145 10.68 13.1
Combined carbon (%) 8 24 27.1 42.1 - - -
Total carbon (% d.m.) 45.2 - - - 30.72 19.71 li'3
Higher calorific value (kJ-mol™) 19.1 24.7 26.7 29.4 254 30.3 33.8
Energy density - 1.34 1.45 1.6 - - -
Energy capacity (% d.m.) - 76.67 65.7 65 - - -
The molar ratio H/C 1.37 - - - 1.37 1.17 1.13
The molar ratio O/C - - - - 0.39 0.21 0.12
Biochar yield - - - - 71.8 46.2 41.3

Source: Liu et al., 2013; Mumme et al., 2011, Troy et al., 2013
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In the research carried out by Liu et al. (2013), Mumme et al. (2011) and van der Stelt et
al. (2011) decrease of the product- torrefaction product efficiency of yield was proved. On
the other hand, research prove that along with the increase of the process temperature, in-
crease of the calorific value takes place and grindability of the torrificated biomass (Liu et
al., 2013; Mumme et al., 2011; Troy et al., 2013). Moreover, with the decrease of the the
molar ratio of hydrogen and carbon and oxygen and carbon (indexes of aromatization and
carbonization degree) calorific value of torrefaction product increases (MJ-kg™). Efficiency
of biochar production is within 46-76%, whereas energy efficiency 77-90% (Kopczynski
and Zuwala, 2013; Liu et al., 2013; Mumme et al., 2011; Troy et al., 2013).

Conclusion

Based on the literature review which was carried out, one may state that digestate mass
may constitute a valuable substrate for biochar production.

Biochar due to its properties, may be used as soil improver, decomposing for a long
time, which positively influences soil fertility, abundance in biogenic components and
physical and water properties. Additionally, it may constitute an element of carbon biose-
questration, thus contributing to the reduction of a greenhouse effect.

Use of biochar as biofuel through reduction of the waste amount and the increased par-
ticipation of energy generated from the renewable sources, contribute to the decrease of the
greenhouse gases emission. Additionally, the torrefaction process may constitute a stage of
preconditioning (initial processing) before such processes as gasification and production of
the 2nd generation biofuels.

To sum up, one should state that the process of torrefaction of the digestate and the ap-
plication dimension of biochar are relatively weakly researched, which opens new areas for
the research and development works on the possible use and meaning of biochar in the
process of carbon biosequestration.
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BIOWEGIEL Z MASY POFERMENTACYJNEJ BIOGAZOWNI
ROLNICZEJ JAKO PRODUKT ENERGETYCZNY I POLEPSZACZ GLEB

Streszczenie.Masa pofermentacyjna, jako biodegradowalny odpad biogazowni rolniczej moze podle-
ga¢ zagospodarowaniu bezposredniemu jako nawoz lub tez, po separacji fazy stalej i cieklej — faza
stata moze by¢ poddana termochemicznej transformacji do biowggla. Biowegiel jest karbonizatem
o wysokiej koncentracji wegla i wzglednie matej podatnosci na rozktad, pozyskany z réznego rodzaju
odpadow organicznych (International Biochar Initiative). Uwgglenie biomasy nastgpuje w procesie
toryfikacji w temperaturze od 200°C do 320°C. Sktad chemiczny oraz wlasciwosci uzytkowe biowg-
gla uzaleznione sa od rodzaju substratu oraz parametréw procesu. Pozyskiwany z odpadéw biodegra-
dowalnych moze byc¢ elementem biosekwestracji wegla i wykorzystany jako biopaliwo, za§ w rolnic-
twie — jako dlugo rozkladajacy si¢ polepszacz gleby pozytywnie wplywajacy na zyznos$¢ gleby,
zasobnos$¢ w skladniki biogenne oraz wlasciwosci fizyczne i wodne. W pracy przedstawiono charak-
terystyke procesu toryfikacji, produkty procesu oraz walory uzytkowe biowegla z punktu widzenia
warto$ci energetycznej i rolniczej.

Stowa kluczowe: biowegiel, toryfikacja, bionawdz, biosekwestracja, biopaliwo
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biomass, and analyses the newest machine constructions that allow for
fast collection and compaction of dendromass to the form which
facilitates its storage and natural drying.

Introduction

As the civilization progresses, the world needs more and more energy. It is evident that
the conventional energy sources are rapidly diminishing. Therefore, the use of the renewa-
ble sources is the necessity of our times. Nowadays, it is the biomass that is the main re-
newable energy source. It is the cheapest form of renewable energy and, importantly, it is
easy to obtain (Romanski, 2013). Forest dendromass constitutes the largest part of wood
that is used for heating purposes in our country. The biomass derived from the municipal
management sector, cultivation of trees growing on the roadside, parks, local green squares
and short rotation plantations, is definitely used less frequently as a renewable energy
source (Piszczalka et al., 2007). The orchard biomass, produced every year as a result of
pruning of trees and shrubs, was used for heating purposes, both in our country and in Eu-
rope, only to a small extent.

According to the data of National Agricultural Census carried out in 2010, the orchard
area in Poland amounted to 374,200 ha, and, compared to 2002, it was bigger by 103,200
ha, i.e. by 38.1% (GUS, 2013). On the other hand, the number of farms with orchards de-
creased by 10.2% (by 32,200 ha) compared to the previous census of 2002, and amounted
to 284,600. The average area of orchards in agricultural farms was increased from 0.86 ha
in 2002 to 1.31 ha in 2010, which reflects the fact that the orchards are localized in bigger
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farms. Nowadays 60% of orchard farms in Poland grow their trees on the areas bigger than
5 ha. The largest parts of such areas are covered with apple orchards (fig. 1). We are the
third largest producer and first largest exporter of apples in the world.

A peach and apricot trees (1%)
B sour cherry (4.4%)

O apple trees (71%)

O walnut trees (1.6%)

B wild cherry (4.4%)

O plum trees (6.3%)

M@ pear trees (2.9%)

Figure 1. Pie chart illustrating the cultivation of fruit trees in Poland in 2012 (GUS, 2013)

A lot of biomass, mainly composed of branches and shoots, is obtained as a result of
annual cultivation works carried out in high productivity farms. Pruning is the main and
most important cultivation method. It is used to control the growth of trees and shrubs, as
well as to improve the quality of fruit and the size of yield. It is difficult to determine the
amount of dendromass produced in Poland as, up until now, the orchardists’ interests and
research focused mainly on the works aiming at the increase of amount and efficiency, as
well as the deduction of costs of obtaining the fruit from a hectare.

There are major differences in the scarce specifications of the amount of biomass resi-
due, depending whether it is the opinion of the practitioners or literature — both domestic
and foreign. The substantial differences (100-300%) in the amount of pruned wood biomass
most probably result from the method of calculating such amount. Table 1 presents the
amount of wood that is possible to be derived from apple orchards (Maciak and Lipinska,
2006).

Assuming that the orchard is used for 25 years, the total of (40-70%) of wood pulp is
derived from the yearly cultivation works (thinning) compared against the total biomass
produced by the orchard during the time period of its use. The remaining amount (30-60%)
includes the matter of trunks and branches recovered during the clearing of an orchard. As
you can see, in the case of the total amount of the recovered wood, there will even be a two-
time difference in the results.

The wood biomass, which is the fruit trees pruning residue, is rarely used in the energy
sector. The cut-off branches and shoots are, in most cases, left by the trees. When the man-
ual pruning is applied, the most popular method, both the branches and shoots are thrown
onto the interrows. Thanks to that, they can be easily mechanically shredded and left as
a natural fertilizer. Some of the orchardists remove the pruned biomass to the far end of the
orchard and burn it, assuming that it is cheaper for them to manage the residue in such
a way. The least popular method of handling such biomass involves collecting it and treat-
ing it as a heating fuel.
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Table 1

Average amount of wood that is possible to be derived from apple orchards
Planting density Amount of wood (m*ha™)

a

(pes-ha™) from trunks from branches from thinning
up to 1,200 12.75 13.04 0.83
1,200-2,400 11.98 6.84 1.71
above 2,400 2.90 2.18 —

Leaving the dendromass between the trees to serve as a natural fertilizer or burning it
should be analysed, first of all, by taking into account the environmental protection. The
LCA (Life Cycle Assessment) of the final product will enable the analysis of these two
opposite technologies (fertilizing or combusting for heating purposes). The aim of the as-
sessment is the comprehensive analysis of how the product affects the environment and
natural resources.

The LCA analysis of the aforementioned two technologies used in apple orchards was
carried out by Boschiero’s team from the University in Bolano (Boschiero et al., 2013). The
analysis proved that the technology in which the dendromass residue is collected and com-
busted for heating purposes is safer for the environment.

Furthermore, this technology leads to a decreased consumption of energy from conven-
tional sources. The useful heat is the tangible and direct outcome of using this technology
by an orchardist.

Orchard dendromass — pruning methods

The branches and shoots may be cut off manually or mechanically. The following tools
are used for manual cutting, the method which is still used for most of the tree species:
lever pruning shears, two-handed pruning shears, telescopic pruning shears, and all kinds of
saws (Rabcewicz, 2007). Either the pneumatically (fig. 2) or electrically (fig. 3) driven
tools may be used in order to facilitate the works carried out in the orchards with larger
surface areas (especially apple and pear orchards), where winter pruning is commonly asso-
ciated with aching muscles and sprained wrists.

Figure 2. Set of pneumatically driven orchard tools: a), b) pruning shears, c) air compres-
sor powered by a combustion engine
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Figure 3. Set of electrically driven orchard tools: a) lever pruning shears with the battery
under the housing, b) chain saw

The pneumatic pruning shears used in orchards are powered by 1-1.2 MPa compressed
air generated in a portable compressor. Depending on the size of such compressor, it may
supply power to 2 to 6 pruning shears at one time. If there are more than 3 pruning shears,
the compressor unit is most commonly supplied with power from PTO (power take-off) of
a tractor. The thickness of the cut amounts to approx. 30 mm. The use of the discussed
pruning shears reduces the effort of the employees engaged for pruning work, and increases
the work efficiency by 20-30% when compared to the use of manual pruning shears.

Electrical pruning shears allow for a greater freedom of movement and not being bound
by the compressor unit.

Mechanical pruning in orchards is getting more and more popular in Western countries
(Scholten, 2010). The main advantage of mechanical pruning of branches is the fact that the
energy intensity of this activity is much lower. For example, the pruning time in an apple
orchard is reduced from several dozen hours to approx. 3 h-ha™ (Wilczynska, 2013). The
result of mechanical pruning is the so-called “fruit wall” in an orchard, i.e. a line which is
not usually higher than 3.5 m and the crown thickness of which amounts to 0.6-0.8 m at the
bottom and 0.4-0.6 at the top (fig. 4), depending on the species. The spacing between the
rows should amount to 3-3.5 m so that the tractor with a cutting machine could move along.
With this geometry of an apple orchard, it is possible to have 25 fruit from 1 m” of the wall,
which means the crops in the amount of 70 t-ha™.

The disadvantages of mechanical pruning include: 2-5-day delay in harvesting fruit
compared to the manual pruning, risk of the tendency of producing fruit of small size and
less intensive colours in the case of small variety of fruit.

The machines used for pruning the annual plant growth in orchards may be divided into
blade and disc pruning machines (fig 5). The blade pruning machines are suitable for cut-
ting off small branches, the diameter of which does not exceed 30 mm. Due to their simple
structure, they are cheaper than disc pruning machines. The idea for the design was adopted
from the cutter bar mowers used for cutting grass. Such machines are usually mounted at
the front of the tractor and they are supplied with power from PTO. They consist of two
operating sections: a vertical section — used for pruning the side of the line of trees, and
a horizontal section, located above the vertical one — used for pruning the tops of the trees
to a set height. The most popular machine on the European market is called Edward and it
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is produced by a German company called Fruit Tec. Another popular machine, CMA 250
type, is produced by Italian company called FA MA.

Figure 4. Apple orchard after being pruned mechanically using the method: “‘fruit wall”

a) b)

Figure 5. Pruning machine being operated in an apple orchard: a) blade pruning machine,
b) disc pruning machine

The latter machine can cut the branches the diameter of which reaches up to 40mm.
Moreover, one of the machine setups allows for cutting the branches between the trunks,
making the so-called windows. This configuration is possible as the machine is equipped
with two rows of cutting sections: the outer one which is used for shaping the tree crowns
into the form of a wall, and the inner one, made of four blades, which cuts the shoots be-
tween the trunks (Czerwinski, 2013).

The disc machines for pruning trees in orchards (Wilczynska, 2013) are characterized
by their versatility, as they may be used for pruning the new plantings and for reconstruc-
tion cuts in old orchards. The 45 kW tractors should usually be sufficient to power such
machine. Its main components include two operating bars: a horizontal and a vertical one,
on which the cutting discs are installed — same as in the saws for cutting wood. The possi-
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ble inclination of the vertical bar towards the cut line of trees is max. 30°. Depending on the
type of machine and its producer, it is equipped with 6-9 cutting discs which may cut the
3.5-4 m long branches. The horizontal bar of the machine, equipped with 2-3 discs, is used
for pruning the tops of the trees. Such bar is 0.6-1 m wide. Additionally, there is a disc
installed at the bottom, which is used for cutting the branches that drop too low. The discs
may be replaced with blades during summer pruning. The machine is operated from the
tractor cabin, with the use of a joystick.

Regardless of the machine used for pruning braches, the principle of the technology of
pruning the orchard into the so-called wall, is that the old orchards are converted in the
wintertime. Following the wintertime conversion, the regrowth is pruned every ear at the
turn of May and June, so 6-7 weeks after the blossoming of the trees. In the case of small-
fruit apple trees (e.g. Golden Delicius, Szampion), they are pruned either when the buds are
pink or directly after the harvesting of fruit.

Furthermore, the small-fruit trees should be pruned manually, as it allows for more pre-
cise cutting. Even in this case the difference in man-hours between the manual pruning and
mechanical pruning with supplementary manual pruning will amount to approx. 50 h-ha™.

Management of the pruned branches and shoots

The branches and shoots that have been pruned and left in the orchard interrows may be
disposed of in two ways, i.e. by shredding or removing from the orchard. Hammer shred-
ders (fig. 6) are used for shredding and leaving the dendromass in the interrows. They are
also referred to as hammer mowers or mulchers. These machines are mounted on the back
of the tractor on a three point linkage and they are supplied with power from PTO. The so-
called oscillating hammer blades are mounted on the horizontal bar. Depending on the
shape and thickness of such blades, the machine is suitable for cutting and shredding the
grass, overgrowth or branches in orchards.

Figure 6. Hammer shredder being operated in an orchard
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The removal of branches and shoots beyond the area of an orchard or plantation, despite
being more costly, offers measureable benefits. First of all, the orchardist disposes of den-
dromass affected by diseases and pests, which positively affects the health of the trees, and
second of all, the orchardist obtains the biofuel which may be used for heating purposes.
The pruned dendromass may be collected in one or two-stage processes.

In the case of the common, yet more expensive, two-stage technology (Magagnotti et al.
2012), you need to first prepare the branches and shoots for removal by gathering them in
the middle of the interrows. The machine called a sweeper (fig. 7), modelled on hay rakes
and tedders, produced by the Polish company Agromod, may be used for this purpose. The
presented machine simultaneously removes the branches from both sides of the interrows. It
is possible thanks to the adjustable distance between the sweeping rotors, which are made
of flexible, but highly resistant plastic bars. Adjustable distance allows the machine to be
operated in orchards with the interrow spacing within the scope of 2.7-4.3 m. The rotational
speed of rotors may be smoothly adjusted with the use of hydraulic drives, depending on
the needs and conditions. The machine performance amounts to 1.5 ha-h” and when the
shredder is mounted on it - to 1.5-1.7 m (at the back of the tractor the performance is a little
lower and amounts to 1 ha-h™).

Figure 7. Sweepers gathering the pruned pulp into the middle of the interrow: a) with rak-
ing out elements, b) with belts

In the second stage, the branches and shoots arranged in the middle of the interrows are
collected and shredded by mowers (shredders) with collectors (fig. 8). The shredded wood
biomass may then be used for the production of pellets or be combusted in a heater. The
biofuels obtained in this manner may also be sold to the companies involved in energy
generation. After both the shredder and the sweeper are mounted on the tractor, the collec-
tion of wood biomass may be carried out in one stage.

Besides the technology of collecting and shredding the dendromass, the dendromass
baling technology is progressing as well. Nowadays, the balers (fig. 9) are mainly used at
the grapevine plantations (Spineli and Pichci, 2010; Cavalagio and Contana, 2007; Contana
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et al., 2009). They may also be used for pressing the pruned biomass in the orchards and
berry plantations. The pruning residue is collected from the interrows with the use of
a pickup. It is then fed into the machine where, in the bale chamber, the rubber belts, rolls,
or a combination of rolls and chains, roll up the pruned residue into cylindrical-shaped
bales.

Figure 9. Baler: a) diameter of bales: 0.4-0.45 m, b) diameter of bales: 1.2 m

When the bale reaches the appropriate size and level of compaction, it is wrapped with
a plastic net, rope or a thin wire. After securing such bale against unwinding, the rear wall
of the baler is opened and the bale is released outside of the machine. The most common
balers are the ones produced by the company CAEB International and Wolagri from Italy.
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These are the machines that are mounted on the tractor and supplied with power from PTO.
The main difference between these machines is their size, and so the mass of the rolled
bales. The smaller machines (e.g. Quickpower series machines) for rolling single bales may
be powered with 15 kW tractors. The diameter of the produced bales amounts to 0.4-0.45
m, and their length to 0.6 m. The weight of one bale does not usually exceed 35 kg, after it
is dried: 10-15 kg. The machines may be optionally equipped with a “bales storeroom” for
storing 8 bales (fig. 9a). Storing the bales facilitates and shortens the time for transporting
them beyond the area of an orchard.

The company Wolagri manufactures much bigger and efficient machines (fig. 9b).
These machines operate in a similar way to the ones discussed above. The diameter of the
bales rolled by these machines reaches 1.2 m, with the length of approx. 1 m. Additionally,
there are vertical cylindrical pick-up reels installed before the inlet to the bale chamber
which facilitate the intake of the biomass. In order to supply the power to the baler, the
tractor’s power needs to be over 30 kW (Wolagri, 2013). On the one hand, large-sized bales
shorten the time of collecting the pruned dendormass, but on the other hand, they might be
difficult to use as they often do not fit into the boiler and furnace throats, or into the station-
ary shredders. Simultaneous shredding of several bales in the feed mixing wagon, used for
the preparation of roughage for cattle, is an interesting solution (Cavalagio and Contana,
2007).

Except for the round balers, it is also possible to use rectangular balers that press the
bales to the cuboid form (fig. 10). Such balers are not very popular in Europe.

Figure 10. Rectangular baler for compacting the dendromass.

The humidity of the collected pruned material often exceeds 40% and makes it unsuita-
ble for burning. Therefore, such material should be dried first. The bales should be arranged
in stockpiles in order to dry as quickly as possible. The drying is easier if the bales are not
densely compacted (400-550 kg'm™). As a result, the material is ready to be combusted in
the form the entire bales or chips (after being shredded), already after several months. Such
drying method guarantees the elimination of fermentation and mould growth risk.
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Conclusion

The branches and shoots pruned in Polish orchards as a result of the cultivation and san-
itary purposes are either shredded and left in the interrows, or removed from the orchard
area and incinerated. In the first case, the dendromass is treated as a natural fertilizer. In the
second one, besides the removal of branches from the orchard, we also eliminate the poten-
tial sources of infection for the healthy trees. Therefore, this method could be recommended
if the economic balance was not taken into account. Each kilogram of wood pulp that is
burned is the unused heating source (2-4 kWh-kg"). The international research team has
been established within the project called Europruning in order to prevent these unbenefi-
cial tendencies. The objective of this team, the members of which also include the authors
of this paper, is to comprehensively solve the problem of the dendromass produced every
year in orchards. The aim of the Polish part of the team is to specify the amount of the den-
dromass in Polish orchards and its energy potential, as well as to design, execute and test
the prototypes of machines used for collecting and compacting the biomass residue in or-
chards. This paper, presenting the review of the applied technologies and machines used for
pruning and management of orchard dendromass, is one of the many works implemented
by the persons engaged in the execution of the project, as a result of which the problem of
obtaining and preparing the dendromass for the energy purposes will be resolved compre-
hensively.
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PROBLEMY POZYSKIWANIA BIOMASY Z PRZYCINKI DRZEW
OWOCOWYCH DLA CELOW ENERGETYCZNYCH

Streszczenie. Jednym z gtownych zrodet energii odnawialnej jest biomasa, a szczegdlnie drewno.
W obszarze zainteresowania Autorow jest masa drzewna z upraw sadowniczych, corocznie powstaja-
ca w wyniku przycinania drzew i krzewow dla celow grzewczych, gdyz w naszym kraju, ale takze
w Europie, jest ona wykorzystywana w matym stopniu. Masa ta, gtownie w formie galezi i pedow
jest najczesciej rozdrabniana i pozostawiana w sadach w migdzyrzedziach drzew jako naturalny
nawoz. W pracy zwrocono uwagg na powody, dla ktorych powinna ona by¢ zbierana i wywozona
z sadu. Przedstawiono technologie wycinania i zbioru tej masy oraz omoéwiono najnowsze konstruk-
cje maszyn umozliwiajace szybki zbior i zaggszczenie dendromasy do postaci, w ktorej utatwione
bedzie jej przechowywanie i naturalne podsuszanie.

Stowa kluczowe: dendromasa, metody wycinki, zbior masy drzewne;j
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Zzzf;gﬂirstem The average value of CO, emission factor was 105 g-day ' kg
pigs ah (Vcor=29%) for the deep litter and 62 gday'kg'
(Vco2=31%) for a system with a fully slatted floor. For N,O
value was respectively 0.047 g-day'kg' (Vno=31%) and
0,027 gday'kg' (Vnao=34%). The CH, emission factor
value was respectively 0.809 g-day kg’ (Vcns=63%) and
0.715 gday'kg' (Vcus=30%). The emission factors of re-
searched gases were higher in deep litter fattening house, for
CO, by 69%, for N,O by 74% and for CH, by 13% than in the
building with a fully slatted floor. According to the warming
potentials of greenhouse gases, rearing pigs on deep litter
would emit 59% more of CO,—equivalents.
Introduction

Agriculture, and in particular animal production, is one of the main reasons for envi-
ronmental problems worldwide (Monteny et al., 2006; Steinfeld and Wassenaar, 2007). It is
the main source of gas pollution (Kolasa-Wigcek, 2012). Greenhouse gases such as: carbon
dioxide, methane and nitrous oxide influence global warming and cause climatic changes.
Additionaly, methane and nitrous oxide affect decrease of ozone layer in the stratosphere
(IPCC, 2007; Jugowar, 2001; 2013).

In the FAO report (2006) ,,Livestock Long Shadow: Environmental Issues and Options”
it was stated that agriculture causes 18% of global emission of anthropogenic greenhouse
gases, including: 9% CO, emission, 37% CH, emission and 65% N,O emission. These
values differ in relation to the world part. According to KOBIZE (State Centre for Emission
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Balancing and Management) participation of agriculture in the national emission of green-
house gases in 2011 was 9.4% (not including CO,). It is estimated that this sector causes up
to 34.1% of total methane emission in Poland and 83.7% of the national nitrous oxide emis-
sion (KOBIZE, 2013). Emission of gas pollutions is calculated based on theoretical emis-
sion factors, values of which differ from factors obtained during research carried out in
livestock buildings (Mielcarek, 2012).

Review of national and international papers shows that there are considerable differ-
ences in values of greenhouse gases emission factors. They depend on many factors, inter
alia: measurement period, various micro and macro-climate parameters and also measure-
ment devices (Jungbluth et al., 2001; Rigolot et al., 2010). Research concern mainly non-
litter housing systems, whereas not many of them is carried out in buildings with the litter
housing system. It is caused by a relatively low popularity of these systems in the industrial
pigs rearing in the Western Europe. There are not many papers, where research of gas emis-
sions from two different pigs housing systems were carried out at the same time.

The aim of the study was determination of greenhouse gases in the summer season,
from deep litter and fully-slatted piggery for fattening pigs and their comparison. It allowed
determination of emission factors of the researched pollutions and indication of the housing
systems of the less negative impact on the environment.

Methodology

Research facilities

The research was carried out from July to September 2013 in two piggety for fattening
pigs with various housing systems. They were located in the farms in the neighbourhood, in
the Wielkopolskie Voivodeship. It allowed prevention of the impact of meteorological
conditions on the obtained results. In the piggeries pigs were fattened in the open system. In
the A building pigs were kept on the deep litter and fed dry fodder ad libitum. It has 10 cham-
bers in which is kept 100 pigs in two pens (nominal livestock of a piggery was 1000 items).

Whereas, in the B building pigs were housed without litter, on the fullty-slatted floor
and fed 4 times a day liquid fodder. Ten pens for fattening pigs are located on each of two
storeys of the piggery (nominal animal number was 600 pigs). For comparative research
one chamber from the A building and the ground floor of B piggery were selected, where,
during the measurement period fattening pigs of a comparative mass were kept (initial 30
kg, final 80 kg). The area per one pigs in both buildings was 0.77 m*-pig”.

Both piggeries were equipped with temperature controlled mechanical ventilation. In
the investigated A piggery, there were installed 2 fans of a nominal efficiency 6,250 m*h™
each (nominal efficiency per pigs 125 m*h™-pig"). Whereas, on the ground floor of the B
facility there were installed 3 fans of a nominal efficiency 7.850 m*h™ each (nominal effi-
ciency per pig 125 m’-h™-pig™). In both buildings, the regulated inlets of fresh air were
placed in side walls of buildings.
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Figure 1. Piggery A

Figure 3. Piggery B Figure 4. Lower storey of B piggery

Measurement of air exchange and concentration of gas pollution

The real efficiency of fans in the investigated piggery was determined according to the
standard PN-EN 12599:2013 "Ventilation of buildings — Procedures of research and meas-
urement methods used during the reception of ventilation installation and air conditioning"
for two flap positions in air inlets (fully-opened and half-opened). Based on the prepared
temperature characteristics of the ventilation systems and data from daily temperature mon-
itoring inside the buildings a daily air exchange rate were calculated.

In order to determine greenhouse gases emission, 4 daily measurements of concentra-
tion of gas pollution were carried out for each. Photo-acoustic spectrometer Multi Gas
Monitor 1312 was used thereto. Air samples were collected at the inlet to the ventilation
channel and the concentration value of gas pollutions were registered every hour.

Temperature and relative humidity of air inside buildings were measured in one hour in-
tervals used TESTO recorder 175-H2.
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Gas pollutions emission

Daily emission of the investigated gases (£,) was calculated as a product of the concen-
tration value in the investigated piggery and a daily air exchange rate in buildings (1). Daily
greenhouse gases emission factor (WE,) was determined as a quotient of daily gas emission
and total mass of animals from the equation (2):

Eg = Cg - Vd - 10_6 (])

where:
E, —emission of gasses (kg-day™),
¢, —average daily concentration of gases in air removed from a building (mgm™),
V, — daily air exchange (m*day™),

WE, =E,-m™-10° 2)
where:
WE, — daily gases emission factor (g-day™-kg™),
m  — total mass of animals in the building (kg).

Calculated values of factors were described with basic descriptive statistics: arithmetic
mean, standard deviation and coefficient of variance.

Total emission factor of the investigated greenhouse gases in the equivalent of CO,
(WE ,co,) calculated from the relation (3):

WEqCOz = WECOZ + 23 WECH4 + 296 WENzO (3)

where:
WEco,  — daily carbon dioxide emission factor (g-day”-kg™),
WEcy;  — daily methane emission factor (g-day”'-kg™),
WEy:o — — daily nitrous oxide emission factor (g-day'-kg™).
Thermal potential GWP (Global Warming Potential) for methane and nitrous oxide was
accepted after IPCC (2001).

Results and a discussion

Results of daily measurements of concentrations of the investigated gases were present-
ed in table 1. It also presents average daily values of temperature and relative humidity of
air inside researched buildings and total mass of animals kept in the piggeries during the
research.

Average daily values of carbon dioxide and nitrous oxide concentrations in both build-
ings were comparable, they characterized with low diversity and had values from 2,004 to
2,865 mg'm™ for CO, and from 0.88 to 1.17 mg:m™ for N,O. Considerable changes oc-
curred in concentration of methane between the investigated buildings as well as between
particular measurement data. Is was lower in the deep litter piggery and was from 6.3 to
60.7 mg'm~, whereas in a non-litter piggery, it was on the level from 17.7 to 44.4 mg'm™.
The last day of measurement was an exception. Difference favorable for the building B
resulted from bedding down in a piggery on deep litter which was not on time.
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Table 1

A?/Erfzge daily concentration of greenhouse gases in a piggery
xijsuremem Agzirrlyge m”l;(;tsa:)f Average c}z:rlllg r(rzl(_)gl)centration
tem? Oeée;ture relati VE(: 021)1m1 dity Elg o, N,O CH,
08.07.2013 254 65.8 3570 2223 1.00 6.3
;0 22.07.2013 25.6 60.5 4798 2102 0.97 7.5
= 12.08.2013 24.8 63.7 5693 2269 1.02 22.5
f-% 05.09.2013 23.8 61.1 7920 2865 1.17 60.7
09.07.2013 25.5 61.7 8730 2004 0.88 17.7
To 23.07.2013 253 51.6 13095 2212 0.95 223
§ 13.08.2013 23.7 62.4 17460 2660 0.96 44.4
f-% 04.09.2013 239 61.4 23280 2049 0.90 26.7

Table 2 presents values of daily emission of gas pollutions from a piggery, calculated
based on the equation (1).

Table 2
Daily emission of gas pollutions

Average Average daily emission
Measurement . (kg-da .|)
air exchange gday
date (m*h™)
CO, N,O CH,
08.07.2013 10082 530 0.239 1.51
;D 22.07.2013 9983 494 0.227 1.73
E 12.08.2013 9972 537 0.240 5.26
=]
M 05.09.2013 8714 584 0.241 12.12
09.07.2013 16264 747 0.334 6.74
fa 23.07.2013 15467 778 0.346 7.93
g
= 13.08.2013 11321 719 0.259 11.96
j=]
A 04.09.2013 11137 539 0.238 6.95

Average emissions of nitrous oxide in the investigated facilities were on a comparable
level despite almost three times higher stock in the building with a slatted floor. Relation
between the stock and the level of emission was noticeable in case of carbon dioxide and
methane. In deep litter piggery average daily emission of CO, was lower and in case of CHy
it was even few times lower than in building B.
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From the relation (2) daily emission factors of the above mentioned air pollutions were
calculated in each investigated day and presented in table 3.

Table 3
Daily factors of gas pollution emission related to 1 kg of body mass

Daily emission factor

Measurement date (gday kg™

CO, N,O CHy4
< 08.07.2013 148 0.07 0.42
%D 22.07.2013 103 0.05 0.36
% 12.08.2013 94 0.04 0.92
A 05.09.2013 74 0.03 1.53
m 09.07.2013 86 0.04 0.77
%D 23.07.2013 59 0.03 0.61
% 13.08.2013 41 0.01 0.69
A 04.09.2013 23 0.01 0.30

Calculated values of gas emission factors were described with arithmetic means, stand-
ard deviation and coefficient of variance and were presented in table 4. It allowed compari-
son of the investigated piggery between themselves and with results presented in other
papers

Table 4
Average gas pollutions emission factors in the investigated period

CO, N,O CH,4

Building A Building B Building A Building B Building A Building B

¥ (gday kg ") 105 62 0.047 0.027 0.809 0.715
SD (g-day kg™ 30 19 0.014 0.009 0.511 0.218
V, (%) 29 31 31 34 63 30

y —average, SD — standard deviation, V, — coefficient of variance

Comparing the researched buildings, it has been found that differences between the
emission factors of CO, and N,O are statistically very significant (p<0.001). Their values in
deep litter piggery were higher than in a fully-slatted piggery, for carbon dioxide by 69%
and nitrous oxide by 74%. In case of methane, differences in values of emission factor were
also statistically significant (p<0.05). Its value was by 13% higher in deep litter building.

Factor of carbon dioxide emission from deep litter piggery (105 g-day'kg™") was almost
two times higher than for non-litter system (62 g-day'-kg™). Philippe et al. (2007) com-
pared emission of greenhouse gases for those two systems of housing pigs for CO, obtained
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values 29 g-day kg™ in the deep litter system and 26 g-day kg™ for the fully-slatted floor.
Comparing calculated in the paper values of factors with the research results, concerning
non-litter systems carried out by Gallmann et al. (2003), Dong et al. (2007) and Costa and
Guarino (2009), which are within 26 to 40 g-day kg™, they are higher, which is caused by
a summer period of measurements and parameters of ventilation system operation.

Higher emission of N,O was reported from the deep litter piggery. Similar relation was
reported by Philippe et al. (2007) emission of this gas was also higher in a litter system
piggery (0.02 g-day'-kg") than in a non-litter system (0.001 g-day'kg"). Available in
literature values of factors of emission of N,O for systems with a slatted floor are consider-
ably lower than the obtained in this paper and they are within 0.001 to 0.007 g-day kg
(Sneath et al., 1997; Guarrino et al., 2003; Amon et al., 2007; Dong et al., 2007; Blanes-
Vidal et al., 2008; Costa and Guarrino, 2009). Rzeznik (2013) determined an average daily
factors of nitrous oxide emission when he carried out research in deep litter piggery. Its
value was higher than the results of this paper and it was 0.074 g-day'kg”. Philippe et al.
(2007) state that a literature data show higher diversity in values of N,O emission factors
for deep litter systems and slatted floor systems, respectively from 0.03 to 8 g-day-pig”
and 0.17 to 2.26 g-day'-pig”. The obtained results in the paper were within these scopes
(2.36 g-day " -pig” — deep litter system and 1.01 g-day-item™ — a fully-slatted floor system).

Methane emission factor was also higher in the deep litter building and was
0.81 g-day'kg”, and in fully-slatted piggery was equal to 0.72 g-day'kg™. Philippe et al.
(2007) obtained results over three times lower than the results of this paper. Values of CHy
emission factors for the researched housing systems by them were comparable and were
0.24 g-day'kg'. The literature presents high diversity in the values of methane emission
factors for the fully slatted housing system from 0.06 to 0.38 g-day'-kg" (Sneath et al.,
1997; Gallmann et al., 2003; Guarino et al., 2003; Amon et al., 2007; Dong et al., 2007,
Blanes-Vidal et al., 2008; Costa and Guarino, 2009). Only few papers concerned the deep
litter housing system. Rzeznik (2013) determined average methane emission factor equal to
1.71 g-day'*kg™'. Whereas Philippe et al. (2007) after Stout et al. (2003) and after Nicks et
al. (2004) state that average emission of CH, is equal to respectively 2.77 g-day'-pig” and
7.39 g-day-pig”. These values are few times lower than those obtained in this paper (51.88
gday-pig”).

Calculated according to the equation (3) values of total greenhouse gases emission in
the CO, equivalent prove 59% higher potential of creating a greenhouse effect of deep
litter piggery (WEyc0o=137 gday'-kg') than a building with fully-slatted floor
(Wcho2:86 g'day'l 'kg_l).

Conclusions

Based on the research which was carried out, the following conclusions have been

made:

— Average values of the investigated gases emission factors from deep litter piggery were:
C0,-105 g-day kg, N,O — 0.047 g-day kg™, CH, — 0.809 g-day kg™

— Factors of the investigated gases emission from a fully-slatted took the following val-
ues: CO,— 62 g -day kg, N;O — 0.027 g-day kg, CH; — 0.715 g-day kg™
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— Values of the investigated gases emission factors were higher in deep litter piggery CO,
by 69%, N,O by 74% and for CH4 by 13% than in building with fully-slatted floor.

— Average factor of greenhouse gases emission of expressed in the CO,equivalent was
137 gawcor-day kg for deep litter housing system and (WEqc02=86 g-day'kg") for
building with fully-slatted floor. It proves 59% higher potential of creating a greenhouse
effect of the facility on deep litter.

Summarizing, it should be noted that deep litter piggeries guarantee a higher level of
pigs welfare. However, they emit more gas pollutions to the environment than fully-slatted
piggeries. Due to a small number of papers on greenhouse gases emission from production
of pigs kept in the litter systems and high diversity of values of greenhouse gases emission
factors,one should continue research on this subject. This allow for precise determination
the range of their values and comparison of various housing systems of pigs with regard to
the greenhouse gases emission and explicit indication of technology which is more envi-
ronmentally friendly.
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POROWNANIE EMISJI GAZOW CIEPLARNIANYCH Z ROZNYCH
SYSTEMOW UTRZYMANIA TUCZNIKOW W SEZONIE LETNIM

Streszczenie. Celem pracy byto okreslenie i pordwnanie emisji gazow cieplarnianych z tuczarni na
glebokiej $cidtce i z budynku dla tucznikéw z podloga szczelinowa (system bezsciotowy). Badania
przeprowadzono, w sezonie letnim, od lipca do wrze$nia 2013 roku. Budynki byly zlokalizowane
w wojewddztwie wielkopolskim, na terenie gospodarstw, bgdacych w bezposrednim sasiedztwie.
Stezenie gazéw mierzono foto-akustycznym spektrometrem Multi Gas Monitor 1312. Srednie warto-
éci wskaznikow emisji z budynku z podtoga szczelinowa wynosity: CO, — 62 g-doba™ kg, N,O —
0,027 g-doba'kg' i CH, — 0,715 g-doba™kg'. W tuczarni z systemem utrzymania na glebokiej
§cidlce przyjmowaty wartosci: CO, — 105 g-doba™kg"', N,O — 0,047 g-doba-kg"' i CH; — 0,809
g-doba’'kg' i byly one wigksze odpowiednio o 69%, 74% oraz 13%. Po przeliczeniu wartosci
wskaznikéw na ekwiwalent CO, system utrzymania na glebokiej $cidtce charakteryzuje si¢ o 59%
wigkszym potencjatem tworzenia efektu cieplarnianego.

Stowa kluczowe: emisja gazow cieplarnianych, gleboka $cidtka, system utrzymania, trzoda chlewna
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infrared radiation was found out that the used thermal treatment did not have a signifi-
grasspea cant impact on the protein solubility in KOH. After 180 s of heating
protein solubility . o . .
fibre fractions this parameter was above 95%. Heatmg w¥th infrared rays caused
‘carotenoids changes in the content of the fibre fraction in grass pea seeds. As a
result of the process, the content of the NDF fraction was reduced and
the growth of ADF and ADL was reported. Heating grass pea seeds
with infrared rays did not cause the decrease of the carotenoids con-
tent.
Introduction

Recently the growth of interest in alternative plants, which may be used in food produc-
tion, may be reported. From among leguminous plants, grass pea is interesting (Lathyrus
sativus). Grass pea seeds include a high amount of protein of a beneficial amino acid com-
position and characterize with a high content of protein. They also have a lower energy
value in comparison to soybeans (Grela et al., 2011). On account of the above, they may
constitute an attractive component of the vegetarian diets. The use of grass pea seeds limits
the presence of anti-nutritious compounds e.g. neurotoxins and toxin and trypsin inhibitors.
Thus, grass pea seeds are subjected to thermal processing, which causes deactivation of the
anti-nutrients components (Grela et al., 2001; Szmigielski and Szczepanik, 2008). Thermal
processes may also cause changes of content and property of other active native compo-
nents of the heated material, such as e.g. changes in the fibre fractions, changes of the pro-
tein quality, reduction of the content of the thermolabile nutritious components (Krasucki et
al., 2002; Caprita et al., 2010; Grela et al.,1999).
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Infrared radiation may be the source of heat in technological processes (Andrejko,
2007). In the recent years the research have been carried out on the use of radiation in the
food industry, inter alia, for drying fruit, conditioning grain seed before milling and treat-
ment of leguminous plants seeds. Convectional drying with the use of infrared rays in com-
parison to traditional convectional drying, shortens the time of apple drying and the initial
pea seed treatment with infrared rays shortens the time of preparation (Rzaca and Witrowa-
Rajchert, 2009; Rydzak et al., 2012; Andrejko et al., 2008).

The objective of the paper

The objective of the paper was to estimate the impact of infrared rays heating of grass
pea seeds on the protein solubility in KOH and the content of fibre fraction and carotenoids.

Material and methods

Research material consisted in grass pea seeds (Lathyrus sativus L.) of Derek variety
which were obtained in the company "Spdjnia" Cultivation and Seeding in Nochéw. Grass
pea seeds were heated with infrared rays (wave length A = 2.5-3.0 um) in the temperature of
180°C in the time: 30, 60, 90, 120 or 180 s. Seeds were heated in the specially designed and
made laboratory device (fig.1). Main elements of the stand are: bearing frame, belt convey-
or and heating system with easy temperature control. Raw material is poured to the basket
equipped with a slide valve and then it is fed to the conveyor belt (one layer).

Figure 1. Laboratory device for infrared rays treatment of granular plant raw materials:
1 — frame bearer, 2 — head with 4 separately supplied radiators, 3 — charging hopper,
4 — direct current engine, 5 — control module, 6 — conveyor belt, 7 — rolls, 7 — heating zone,
9 — control of heads position (Andrejko et al., 2011)
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Material placed on the conveyor belt moves to the heating zone, where it is subjected to
infrared radiation. The device is equipped with two heating heads (4 radiators in each); the
upper one placed over the conveyor belt and the bottom one located under the belt. Average
temperature of a filament is approx. 500°C.

In raw and heated seeds of grass pea protein solubility in 0.2% KOH (Araba i Dale,
1990) was determined, content of fibre fraction NDF (neutral detergent fibre), ADF (acid
detergent fibre) and ADL (acid detergent lignin) were determined with Robertson and Van
Soest method (1981) and the content of carotenoids according to Manza and Biihler-
Steinbrunna (1988). All designations were carried out in three repeats. Results of designa-
tion were subjected to one-factor analysis of variance. Significance of differences between
averages was verified with Tukey's test at p<0.05. Calculations were carried out with Statis-
tica 8.0.

Results and discussion

Protein solubility in KOH is one of indexes useful for assessment of the quality of pro-
tein of the heated material. In case of soya products it allows identification of excessively
heated batch of material (Caprita et al., 2010).

Protein solubility in KOH in raw grass pea seeds was 99.3% (fig. 2). No impact of heat-
ing with infrared rays of grass pea seeds on the content of protein soluble in KOH was
reported (p > 0.05). It was reported that after 180 s of treatment, the researched value did
not differ significantly from the value in raw seeds and was 95.1%. Caprita et al. (2010)
state that short (5 min) heating of soybean meal in temperature 120°C did not also have
a bigger impact on the protein solubility in KOH. However, prolongation of duration of the
process led to reduction of this index below 70%.
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Figure 2. Protein soluble in KOH in seeds Lathyrus sativus L. (values do not differ signifi-
cantly at p <0.05)

Impact of the infrared rays heating on the content of fibre fraction content was presented

in figures 3-5. Content of neutral detergent fibre (NDF) in raw grass pea seeds was 26.7%
of dry mass. (fig.3) and was lower than in another Polish variety Krab (33.2%s.m.). Where-
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as content of acid detergent fibre (ADF) which was 8.48% d.m.. (fig. 4) was similar to the
amount in grass pea seeds of Krab variety (Smulikowska et al., 2008).
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Figure 3. The content of neutral detergent fibre (NDF) in seeds Lathyrus sativus L. (values
marked with various letters differ significantly at p < 0.05)

Heating with infrared rays caused changes in the content of specific fibre fractions in
grass pea seeds. After treatment lasting 120 s, the content of neutral detergent fibre de-
creased by 7%, in comparison to the output sample. In case of ADF the increase of content
after 60 and 90 s of heating was reported. Whereas, the ADL content in the final sample
(heating by 180 s) was over three times higher than in raw seeds.
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Figure 4. The content of acid detergent fibre (ADF) in seeds Lathyrus sativus L. (values
marked with various letters differ significantly at p < 0.05)
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Figure 5. The content of acid detergent lignin (ADL) in seeds Lathyrus sativus L. (values
marked with various letters differ significantly at p < 0.05)
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Figure 6. Content of carotenoids in seeds Lathyrus sativus L. (values do not differ signifi-
cantly at p <0.05)

Other authors also observed the impact of heating on changes in fibre fractions. The ef-
fect of drying rapeseed in temperature 120°C (Krasucki et al., 2002) was decrease of the
content of NDF and ADF fraction and increase of the process temperature to 180°C led to
the increase of NDF, ADF and ADL content in comparison to the control sample. Extrusion
of mixture of grass pea and corn materials caused decrease of the NDF and ADF content
and increase in ADL (Kasprzak and Rzedzicki, 2008).

Carotenoids as polyene compounds are included to natural antioxidants. Moreover,
those which include in its fraction a fragment of retinol structure, prove activity of A vita-
min (Sikorski, 2007). They may partially lose biological activity under the effect of light or
heating. Grela et al. (1999) proved that extrusion of grass pea seeds caused decrease of the
content of beta-carotene and luteine.
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The content of carotenoids in raw and heated grass pea seeds (fig. 6) was at a similar
level (from 9.30 to 10.08 mg-kgs.m™). It was lower than the value of averages presented by
Korus et al. (2002) for Krab and Derek varieties, whereas it was similar to the sum of beta-
karoten and luteine content which is presented by Grela et al. (1999) in grass pea seeds.
The obtained results prove that infrared rays heating of grass pea seeds did not influence the
carotenoids content (p > 0.05).

Conclusions

1. Heating grass pea seeds with infrared rays did not result in a significant decrease of
protein solubility of protein in KOH.

2. The applied thermal treatment had a significant impact on the fibre fraction content in

grass pea seeds. It caused decrease of the NDF fraction and ADF and ADL.

Infrared rays heating of grass pea seeds did not affect the content of carotenoids.

4. Analysis of the obtained results proved that the applied method of heating with infrared
rays of grass pea seeds does not cause deterioration of the researched indexes of the
quality and on this account it may be recommended as a method of deactivation of an-
ti-nutrient compounds in grass pea seeds.

W
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WPLYW PRZETWARZANIA CIEPLNEGO NASION LEDZWIANU
SIEWNEGO NA ZAWARTOSC WYBRANYCH SKEADNIKOW
CHEMICZNYCH

Streszczenie. Celem pracy byla ocena wplywu ogrzewania promieniami podczerwonymi nasion
ledzwianu siewnego na rozpuszczalno$¢ biatka w KOH, zawartos¢ frakcji widkna: NDF (wtdkno
detergentowe neutralne), ADF (wtokno detergentowe kwasne) i ADL (lignina detergentowo-kwasna)
oraz zawarto$¢ karotenoidow. Material badawczy stanowity nasiona ledzwianu siewnego (Lathyrus
sativus L.), odmiany Derek. Badane nasiona poddawano ogrzewaniu promieniami podczerwonymi w
temperaturze 180°C, w czasie: 30, 60, 90, 120 Iub 180 s. Stwierdzono, ze zastosowana obrobka ciepl-
na nie miata istotnego wptywu na rozpuszczalnos¢ biatka w KOH. Po 180 s ogrzewania parametr ten
wynosil powyzej 95%. Ogrzewanie promieniami podczerwonymi spowodowato zmiany w zawartosci
frakcji wiokna w nasionach ledzwianu. Na skutek procesu zmniejszeniu uleglta zawarto$¢ frakcji
NDF, a nastapit wzrost zawartosci ADF i ADL. Ogrzewanie nasion lgdZzwianu siewnego promienio-
waniem podczerwonym nie spowodowalo obnizenia zawartosci karotenoidow.

Stowa kluczowe: promieniowanie podczerwone, ledzwian siewny, rozpuszczalno$¢ biatka, frakcje
wtokna, karotenoidy
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Introduction

Cultivating and processing of flax in Poland follows mainly for two purposes related to
production of fibre and seed. The whole processing has been mechanized, yet mechaniza-
tion of these processes has not been satisfactory (Andrzejewska, 2006; Kruglenja, 2006;
Kruglenja et al., 2011; Pawlak, 2010). Cultivating and processing of flax by sustainable and
ecological farms has established the requirements with regard to limitation of negative
impact on environment (Grabowska and Heller 2009; Heller, 2012; Janowska-Biernat,
2012). Threshing and separation of mass flax is one of such important processes. Many
scientific and research works have been carried out in this regard aimed at production of
good quality fibre and seed of high germination capacity. Therefore much emphasis has
been placed on threshing and separation of the flax threshed mass (Kazarovec et al., 2004;
Maksimov, 2004; Sarsunov et al., 2012; Kaminski et al., 2014a).

The objective of the research

The objective of the research was to compare the operation efficiency of a separator
provided with fixed screens mounted to the shoe and the one with spring-mounted screens,
determination of the impact of basic kinematics on theseparation efficiency. The analysis
was also carried out with regard to the use of spring-mounted cylindrical screens and flat
screens. The process of mass displacement on the screen surface including movement up-
ward, downward, throwing up was examined also. The values characteristic for the separa-
tion process were output (capacity) of screens and the impurity separation degree.

Material and research methodology

To reduce energy consumption during flax seed separation with traditional equipment
the efforts were made to design the seed-ball threshing machine that would provide initial
and final seed separation. Consequently the separator was constructed purposed for initial
separation of free seeds and in order to prevent damage caused by a threshing unit, as well
as separated lightweight and fine impurities to improve output (capacity) of a separator
(SarSunov et al., 2010; Kaminski et al., 2014b). The Figure No. 1 includes the layout of the
separator.

The process of flax seed separation is carried out according to the following. The mass
of flax seed including impurities upon initial drying is placed inside the feeding shoe (1)
and next is fed to the pneumatic duct (3), where air circulation ensures separation of light
impurities. Next the mass is carried to the top screen shoe (2) which ensures separation of
heavy impurities and single seeds. Whereas fine impurities after passing through the screen
are placed on V-shaped chute that discharges them outside the machine. Bulk seeds after
coming out from the screen are placed on the chute (7) and fed to the lower screen shoe (8).
Poorly threshed seed-bags are fed from the top screen shoe (2) to the threshing unit (5)
provided with two elastic rolls, and next are carried with the chute (6), to the respiration
duct (4), where separation of light impurities generated during further threshing of seed-
bags follows. Next seeds are fed to the lower screen shoe (8) where separation of impurities
that are discharged from machine with II and IV duct follows.
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Figure 1. Process diagram of a flax seed separator: (1) feeding hopper, (2,8) screen shoe,
(3,4) pneumatic ducts, (5) threshing device, (6,7) chutes, (I,VI) chute of light impurities, (II)
chute of heavy impurities, (IIl) chute of flax seeds, (IV) and (V) chute of fine impurities,
movement direction of: === — mass," > — light impurities, — —> — seed-bags,
—> — bulk seeds,— - == — fine impurities.

The main disadvantage of spring-mounted screen shoe was poor efficiency of separation
caused mainly by an ineffective movement of mass on the shoe flat surface with vibration
direction similar to horizontal one, in particular in case of operation of round hole screens
when particles passing through the screen should have be in vertical position.

In case of the above described separator, the shoe has been constructed (fig. 2) fitted
with spring-mounted screens vibrating thanks to inertia, which enabled to improve separa-
tion efficiency due to additional vibration of a screen that provided for dynamic separation
of mixture components and throwing up of seeds that facilitated entering of particles into
screen slots (Kocuba and Kruglenja, 2004; Kruglenja et al., 2011). The basic components of
flax threshed mass featured with absolute moisture content: seed- bags — 40-50%, single
seeds — 15-27%, weeds 45-80%, targan — 25-65%.

The body of screen shoe vibration was driven with the cranked shaft. Inertia forces of
shoe and spring stiffness forces resulted in additional vibration within vertical plane, and at
the same time a shoe vibration angle increases, which results in dynamic separation of
mixture components. Moreover the movement of particles followed because of throwing up
at small values of screen shoe kinematics limits, which facilitates dynamic separation with
round slotted screens.

Separation efficiency may be increased by mounting removable chutes (5) to the screen
shoe, due to optimal use of lower screens that feed seed to the beginning of a screen, as
well as improvement of screen shoe technical capacities. Additionally screens with slots of
different type (rectangular and round shaped) require different kinematics parameters. In
case of screen shoes being in operation at present it is difficult to provide, and usually oper-
ation follows for determined kinematics, which results in efficiency reduction. Inertial
vibrating screens may be mounted inside the screen shoe independently from each other.
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Adjustment of spring stiffness may ensure proper kinematics parameters for operation of
each screen.

Figure 2. Diagram of a shoe with inertial vibrating screens: (1) screen shoe body, (2) sus-
pending rods, (3) screen suspending springs, (4) screens, (5) screen shoe (return chutes),
(6) separated fraction chute

Figure 3 specified schematic vibration of suggested screens (Kocuba and Kruglenja,
2004; Kruglenja et al., 2011). The screens were replaced with “m” mass mounted with
spiral springs to the tilted casing. The screens were subjected to F; inertia and m-g weight
forces.

Moreover movement characteristic was specified on the OXY fixed coordinate system
and Oxy mobile coordinate system

Equations of screen vibration (fig. 3) may be defined on the Oxy mobile coordinate sys-
tem as follows:

x=-rcoswt(l+4, COSz((X+8)+Ap sin’(a +¢)); (1)
y =-rcosotsin(a + g)cos(a + g)(Ap - Aq) ; (2)

or OXY fixed coordinate systems:

X =-rcos(a+é¢)coswt(l1+4,); 3)
Y =-rsin(a+¢)coswt(l+4,), 4)
where:
r  —connecting rod arm, (m)
@ — crank arm angular speed, (rad-s™)
o —screen inclination angle, (°)
& — vibration direction angle, (°)
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2 . . . L
- and 4 _ o’ — spring stiffness coefficient, taking into

(27rp)2 -’ ! (27Tq)2 -
account the impact from own vibration of longitudinal springs (p) and diagonal ones (g).
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Figure 3. Kinematics diagram of the inertial vibrating screen
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Figure 4. Relation of vibration direction angle (€') of inertial screens to screen shoe vibra-
tion direction angle (g) and the relationship of longitudinal (4,) and diagonal (4,) spring
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According to equations (1) and (2) screens harmonic vibration follow at frequency cor-
responding to screen shoe vibration frequency, but different amplitudes that depend on A4,
and 4,

These equations are true also after replacing cylindrical springs with flat ones, yet addi-
tional vibration will follow only in the plain perpendicular to screens surface (own vibration
of flat springs were determined with stiffness modulus 4, and 4, = 0.

In case of spring absence (4, and 4, —0) the equations of inertial screens movement
take the form of screen shoe movement equations.

In case of 4, = A4, screen vibration direction angle & was equal to ¢ screen shoe vibra-
tion direction. In case of 4, > 4, screen vibration direction angle & was bigger than screen
shoe vibration direction angle ¢ (fig. 4), what in practice improved operation quality of
round slots.

Screen shoe operation limits for mass moved upwards (K;) and downwards (K,), as well
as throwing up (K,) may be defined with the following equations:

sin(a + @) e
cos(a +¢ +¢)+%((Aq +4,)cos(a+e+@)+(4,—4,)cos(a+e —(o))

K. = sin((p—a) ; (6)
? cos(a +g—(p)+§((Aq +4,)cos(a+&—@)+(4, —A4,)cos(x +g+(p))

3 cosa
(I+4,)sin(a +¢)

)

9]

where:

@ — friction angle of separated mass against screen surface, (°).

In case of equal longitudinal and diagonal spring stiffness (4, = 4,) operations limits of
screen shoe fitted with inertial vibrating screens K may be defined with the following for-
mula:

K
P (8)
(I1+4,)
where:
K, —kinematics limits for operation of used screen shoes (without springs).

Figure No. 5 determined the relationship regarding operation limits of inertial vibrating
screens and vibration direction angle.

According to the Figure No. 5 for inertial vibrating screens fitted with cylindrical
springs, the kinematics parameter of screen shoe was lower comparing to the traditional
screen shoe 1+4,, times.

As drive power of the screen shoe depends on the kinematics limits, reduction thereof
results in the reduction of power required for seed separation by 31.1-68.8%.
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Figure 5. Diagram regarding relationship of inertial vibrating screen operation limits from
€ vibration direction angle — — - K;; ————— —Kgpy — - — =Ky — — — =K,
- KO;. ---------- - KgrO

Additionally the separated mass movement range increases including throwing up above
the screen surface. Therefore at the vibration direction angle ¢ = 0° in case of previous
screens throwing up followed at the kinematics limits ratio of K=5.67, and in case of iner-
tial vibrating screens at K=1.89, which ensures effective operation of round slotted screens
at screen shoe kinematics decreases 3 times.

Analysis regarding conditions for material movement on (5), (6) and (7) screen indicat-
ed the following relationships for currently used inertial vibrating screens:

ﬁ — Kgrl . & — Kng . K K (9)
K K, K K, K K
To determine the mass movement speed on the shoe a multiplier was applied in Le-

toszniew’s formula (1963) that took into account a change of speed resulted from action of
springs in (3) and (4) dependency.

=cor(1+Aq)cos(a+3)[(sim//—sim//]) (v - l//])%:| (10)

} (11)

v, =or(l+ 4,)cos(a + &) [(Sin 6 —sin6, )+ (
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where:
v; and v, — speeds of mass upward and downward movement on screen surface, (m-s'l);
yand y; — current and initial moment of material upward movement on screen surface,
)
Oand 6, - current and initial moment of material downward movement on screen sur-
face, (°).

Equation (9) and (10) may be also formulated as follows:

Vi) =@r(1+ 4, )cos(a +¢) [sin(UI @

2
—arccosZ,(z))+ 1—21(2) —Ul(z)Zl(z)J (12)
where:
K
Z =%’ Z,= K2 U=y -y, U,=0-6,

1

Maximum speed of mass movement on the screen will be obtained at U=arccosZ, and
(12) equation will be as follows:

Viymax = 20r(1+ A4, ) cos(a +¢) [1 -2, - U,(Z)Z,(Z)J (13)

Figure 6 presents diagram regarding relationship between the maximum speed of mass
movement and kinematics at @= 10 rad's”, = 6 mm, a = 10°, &= 0° and A,=2.
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)’0,4

0,35

0,3

0.1 < \\
~ <o \\
o =< \\
0 i 2 —
0 01 02 03 04 05 06 07 08 09 1
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Figure 6. The relationship between the mass movement speed v;(v;) and kinematics
K;K' (K;K') ———— — inertial vibrating screens; — — — — current non vibrating
screens
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According to Figure no. 6 the use of inertial vibrating screen resulted in 1+A, times
speed increase of separated mass movement on screen’s surface, which improved efficien-
cy. Additionally it enabled reduction of frequency and amplitude of screen shoe vibration,
what also decreased demand for screen shoe drive power and counterweight mass required
to maintain balance.

An average speed of mass movement upon screen surface may be calculated from the
following formula:

v, :ﬁw (14)
2r

Where: & and &, — particle movement upward and downward on screen surface, (m).
Value of movement is calculated using the following equation:

51(2) =r(l+ Aq)COS(lX +e)Z —COS(U

\(2) ~aICCOS Z, ) ) +

12)

(15)

+U.

12) 1-7; Uy Z](z)]-

1
1) 75 M)
Mass movement speed above the limit value results in reduced fine fraction shifting ef-
ficiency, due to passing of particle next to the slot or particle reflected against the edge.
Limit values of mass upward and downward movement on screen surface may be de-
fined with the following equations:

_ _ g 16)
=(B / (
Vin = (Beosa =ry,) 2(r,, + Bsina)

- g (17)
=(B -
Vo =(Bcosa —r,) 20, — Bsina)
where:
B — screen slot width, (m)
r,, — particle radius (seed), (m).

On the basis of particle speed movement (12), (13), (16) and (17), as well as its path
(15) it was possible to determine separation degree of mass passing through screen slots.

The mathematical models for flax mass separation with inertial vibrating screens have
been determined with the traditional methodology, including separating single-coefficient
experiments, 2 total coefficient experiment and three-level program of second row Boks-
Bienkin’s for three coefficients.

Results

As a result of physical and chemical properties examination of flax mass, the technolog-
ical diagram was prepared for flax seed separation with separating plant fitted with inertial
vibrating screens, actuating separation with blown air stream at speed of 3.5-4.0 m's™, sepa-
ration of coarse impurities from mass with screen of rectangular slot 1.2-1.5 mm wide and
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separation of fraction passing through screens with round slots of 2.2mm diameter, with
rectangular slots 1.1 mm wide and round slots of 1.8 mm diameter.

Figure No. 7 presents the results from laboratory tests of proposed vibrating screens.
The objective function was unit efficiency of screen g (kg's''m™) and impurity separation
degree (from passing fraction) £. The variability intervals of coefficients and their limits
were defined on basis of conducted theoretical discussion and a’priori information.

As a result of experiments, the rational intervals regarding coefficient changes were de-
termined for flax threshed mass separation:

Spring stiffness modulus 4, — 0.8-1.6; connecting rod angular speed o — 30-60 rad.'s™;
vibration amplitude A — 8-15 mm; vibration direction angle & — 30-45° screen inclination
angle o — 9-12° kinematics limits coefficient for screen shoe K — 2.0-3.0.

The conducted experiments related to shifting determined that the factors that had most
significant impact on optimization of flax threshed mass separation process were: spring
stiffness modulus, vibration amplitude and kinematics limits ratio of screen shoe (Kruglenja
et al., 2011; Zagajewski and Dreszer, 2008).

Further research defined mathematical models for flax threshed mass separation with
inertial vibrating screens taking into account the basic coefficients:

— regarding unit output (capacity)

g, =0,51+0,06-4,+0,03-4+0,08-K +0,01- 4, - 4+

(18)
+0,01- 4, - K +0,01-4- K +0,01- 4> —0,02- 4> +0,01-K?;
— regarding impurity separation degree
E=0,67-0,05-4,-0,04-4-0,06- K +0,01-4° —0,01- K*. (19)

To solve the problem, electronic calculation technology and Microsoft Excel software
were used that provided the rational values of the following parameters:

A,=1.2,4=8mm, K=23. Atgr=0.72 kg's'-m>, E = 0.87

ar (kg's™m?), E ar (kg's™'m?), E
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- - )
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-, S <L ) 4._——J i N
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\
0,50 v ~] 050 §
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Figure 7. Diagrams regarding the relationship of qr single screen output (capacity) and
E impurity separation degree with A, (a) spring stiffness modulus, o (b) frequency, A (c)
amplitude, ¢ (d) direction angle of screen shoe vibration, a (e) screen inclination angle
and kinematics coefficient of screen shoe operation limits K (f), ———— — qp (kg-s™"-m?);
_— — E}-

The performance tests of a designed threshing plant — a separator fitted with inertial
screens were conducted in 2003-2005 at Seed Centre in Gorecko.
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To determine rational structure parameters of inertial screens it was suggested to use the
monogram included in Figure No. 8, determined on the basis of theoretical research and
experiments.

n, (rpm™") 600 090,807 06 0,5 E
X X
= N\ NN
400 N \ N N
300 \\\\ \ \\
o RO L\ N
AN \
&0,2 04\ 06\ 08 100 ¢ (kgs~'m™)
: A [
/ 7 \\ A (mm)
//// ......... \\\\\ ~ 2
17477/ NN
30
20 / / \29 \]5\ \7’5\ 10
a+e (°) 10 0,5 1 15 2 25 A,

Figure 8. Monogram for determination of flax separation spring-mounted screens parame-
ters: qr — single screen output, (kg’s'l’m'z); E — impurity separation degree, n, — screen
shoe vibration frequency, (min)'; o — screen inclination angle, (°); & — screen vibration
direction angle, (°); A — screen shoe vibration amplitude, mm; A, — spring stiffness modulus

Spring stiffness modulus may be determined on the basis of single screen output and
impurity separation degree, and upon choice of connecting rod rotation frequency, screen
inclination angle, direction angle and screen shoe vibration amplitude. Depending on the
output data also other parameters used in the monogram may be specified.

Thus for single screen output ¢ = 0.8 kg's-m™, impurity separation degree E=0.7,
screen shoe vibration frequency n, = 200 rpm™, the sum of screen inclination angle and
vibration direction angle a+&=30° and screen shoe vibration amplitude A=10 mm, the re-
quired spring stiffness modulus was 4, = 1.5.

Spring parameters that provided the required modulus, may be determined according to
the monogram or following formula:
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2

4 = ®
A . (20)
2n,mD;;
where:
@ — connecting rod angular speed, (s")
G  —nature deformation modulus, (MPa)

dg — spiral spring wire section diameter, (m)

ng — cylindrical spring coil number;

m  — screen mass, (kg)

Dy;; — cylindrical spring diameter, (m).

Comparing to the previous ones, the inertial vibrating screens allowed to increase seed
separation degree by 6-8%, reduce cracking and damages of seed surface by 9-12%, as well
as increase machine output by 10-25% (Kruglenja et al., 2011).

Conclusions

1. Comparing the results of theoretical discussion and experiments conducted with the
use of the separator fitted with fixed screens mounted to the shoe and spring-mounted
screens, for proper kinematics parameters the spring-mounted screens featured with
improved output (capacity), precise fine and coarse impurity separation, as well as the
reduced demand for screen shoe drive power.

2. Basic physical values that had impact on the separation process, namely, single screen
output and impurity separation degree were: the screen shoe vibration degree, screen
inclination degree and vibration direction, vibration amplitude and spring stiffness
modulus. The rational values of these parameters may be specified using the mathe-
matical formulas and the prepared monogram.

3. The screen capacity, namely qr was on the straight-line basis dependent on A, screen
stiffness, A screen shoe vibration amplitude and increased along with the increase of qr
and A, values. The increase was less evident in case of ® and € value increase. Where-
as a significant non-linear increase was evident in case of a and K parameters increase.

4. The impurity separation degree, namely E initially increased and then decreased as A,
spring stiffness increased, along with the increase of the screen shoe vibration ampli-
tude. The increase was less evident in case of ® frequency and € angle increase and de-
creased as a result of o and K parameter value increase.
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CZYSZCZALNIA DO NASION LNU Z DRGAJACYMI SITAMI

Streszczenie. Celem badan bylo poréwnanie efektywnosci pracy czyszczalni z sitami mocowanymi
w koszu sitowym na stale z mocowanymi sprezyscie, ustalenie wptywu podstawowych parametrow
kinematycznych na wydajno$¢ procesu czyszczenia. Analizowano przypadki stosowania mocowania
sit na sprezynach cylindrycznych i plaskich. Badano proces przemieszczania si¢ materiatu czyszczo-
nego po powierzchni sit z wlaczaniem etapoéw ruchu do gory, do dotu, podrzucania. Wielkosciami
charakteryzujacymi proces czyszczenia byly wydajnos¢ (przepustowo$¢) sit i stopien oddzielania
domieszek. Analizowanymi parametrami kinematycznymi byly: amplituda drgan kosza sitowego,
amplituda drgan wiasnych sit, kat pochylenia sit, kat kierunkowy drgan sit, czgstotliwo$¢ drgan wia-
snych, wskaznik rezimu kinematycznego. W rezultacie otrzymano matematyczne modele procesu
separacji dla jednostkowej wydajnosci i stopnia oddzielania domieszek. Z rownan tych obliczono
najlepsze wartoSci parametrow: A4,=1,2, A=8 mm, K=2,3, dla ktorych g~0,72 kg-s"~m'2, E=0,87.
Parametry sprezyn, zapewniajace wymagany wspolczynnik sprezysto$ci, mozna okresli¢ za pomoca
monogramu lub formuty matematycznej (20). Z przeprowadzonych eksperymentow wynika, ze prze-
pustowos¢ sit qr zalezy liniowo od sztywnosci sprezyn A, amplitudy drgan kosza sitowego A i ro$nie
wraz z warto$ciami qr i A,,. Mniej wyraznie wzrasta réwniez ze wzrostem wartosci © i €. Natomiast
nieliniowo i znacznie wzrasta ze wzrostem parametrow o i K. Stopien oddzielania domieszek E po-
czatkowo wzrasta a nastgpnie maleje ze wzrostem sztywnoSci sprezyn A, oraz ze wzrostem amplitu-
dy drgan kosza sitowego. Mniej wyraznie wzrasta ze wzrostem czgstotliwosci o i kata €. Oddzielanie
domieszek wyraznie maleje ze wzrostem wartosci parametrow o i K.

Stowa kluczowe: uprawa Inu, omtot, nasiona Inu, czyszczalnia, separator
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Keywords: scientific work. This article presents a database application, “Docu-
relational database ments archive”, based on the relational database designed and imple-
;’ZZ;’ZS; Z;ZZZZ;OSZ mented by using SZBD Microsoft Access 2010. The software allows
plants protection recording results of research and experiments related to efficacy of

plant protection products at the Research Institute of Horticulture in
Skierniewice, and effective usage of results obtained earlier in the
research process of this unit. Uncomplicated, user-friendly and fully
automated interface of the presented database application was imple-
mented based on diverse forms, with the usage of macro and VBA
language procedures. Possibility of cooperation with diverse software
significantly increases the possibilities that are offered by database
application “Documents archive” in finding and processing the stored
data, which makes it a very useful tool (IT tool) for research connect-
ed with plant protection. In this way, based on the research and exper-
iments results stored in the base, the database application allows
a quick evaluation of the applied plants protection products, as well as
selection of the most effective scenario of their usage for a specific
Crop or pest.

Introduction

Nowadays, it is very difficult to imagine production of plant produce without applica-
tion of plant protection products (PPPs) in the farms. In order to enable effective control of
plant pests and diseases, products of this type should be used appropriately. Besides, their
application is inevitably connected with a possible threat to the natural environment, includ-
ing human and animals’ health. Therefore, carrying out research and experiments that, on
one hand deal with effectiveness of application of PPPs, and on the other hand consider
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protecting the natural environment against their side effects is thus justified and required by
the European Union legislation.

Currently, databases are a mean to store and process huge amount of diverse infor-
mation. A database may be defined, inter alia, as a model of a certain part of real world
(unnecessarily existing in a physical way or such that has never existed physically) that is
a subject of interest for future users. A piece of reality that may be modelled by means of
databases is farming and, as a particular component, scientific research and experiments
conducted in this respect. Examples of database applications supporting farmers in their
everyday work are a few (Sarec et al., 2007; Sieczko, 2012; Treder et al., 2013; Bzowska-
Bakalarz and Gil, 2008), including some that refer to diverse aspects connected with re-
search of farm production (Urbanska and Gierszal, 2003). The systems of collection of data
on sale and consumption of PPPs are the basis to develop national strategies of sustainable
plant protection (Stobiecki, 2006). The decision support system presented by Urbanska et
al. (2010) is an IT tool for farmers and other professionals (e.g. advisors) aiming at easing
identification of pests and diseases, as well as helping to perform an appropriate evaluation
of potential threats and the threshold level of infection for a particular crop.

Database application “Documents archives”

To manage the data gathered in experiments and trials carried out at the Research Insti-
tute of Horticulture in Skierniewice (RIH), a “Documents archive” database was created. Its
main aim was storing the diverse information obtained from efficacy studies of PPPs, and
enabling an effective usage of previously obtained results. The need for such kind of soft-
ware results from the European Union (EU) requirements of electronic archives for efficacy
studies (Reg. EU 1107/2009).

The system developed enables thus registering all types of information connected with
this activity, storing the data organized in appropriate documents, according to the require-
ments of the EU and the Main Inspectorate of Plant Protection and Seed Production
(GIORIN) as well as internal department procedures. The application carries out the follow-
ing operations: introduction and management of data (data about contractors, orders, plants
protection means, research, experiments, subcontractors), browsing information from di-
verse charts in the form of documents, all types of inquiries related to the information
stored in the database, data exchange (export/import) with other applications, data archiving
after certain time, data protection.

The scheme of relational “Documents archive” data base created at SZBD Microsoft
Access (2010) for the efficacy studies carried out at RIH is presented in Figure 1.
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Figure 1. Scheme of the relational database “Documents archive”.

In the database all stored data is divided into the following headings: Ordering Party,
Orders, Products, Research, Experiments, Pests, Contractors, that were initially planned to
be the base charts. However, after the analysis of the scheme it turned out that certain data
would be duplicated (i.e. were redundant). Therefore, an initial normalization was carried
out of the existing relations. As a result other base relations have been created (e.g. Crop —
containing data related to the crop, or Location — storing information about the place of the
crop). Some of the database relations store general and basic data, e.g. Products Classifica-
tion is grouping PPPs on account of their use (insecticide, fungicide, herbicide); the chart
Chemical Group classifies the PPPs according to their active substance; the kinds of crops
that are subject of the research are considered in the Crop Kind chart.

Interface of database application ,,Documents archive”

The interface for the database application was developed based on diverse forms offered
by Microsoft Access. For it automation, there were various macros diverse macros, as well
as with procedures and functions of the Visual Basic for Application language. A simplified
scheme of the database application “Documents Archive” is presented in Figure 2.
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Among the functions which are offered by the presented database application, the possibil-
ity of printing data (that come from diverse charts) in the form of reports, which can be
basically divided into two groups. To the first group belong all reports that allow to present
data in the form of a document, the outlay of which is defined by internal regulations and
department procedures (e.g. research report, card of plant protection means, etc.). The sec-
ond type of reports is formed of diverse statistics that are created based on activities of
Department of Fruit Plant Protection of RIH (e.g. lists of conducted tasks, contractors,
orders, etc.). The scheme and an example of the report is presented in Figure 3.

The database application allows carrying out diverse analyses and comparisons of the
results obtained from independent experiments and tests. It enables simultaneous display of
the results of trials carried out in different seasons that refer to e.g. a specific pests or
a specific PPP, allowing a comprehensive interpretation of the data. Another useful feature
of the database is the possibility of interfacing with other softwares that is particularly help-
ful at the stage of elaborating the results. When using the software, it is possible to carry out
diverse analyses (e.g. statistical ones) that would not be possible if standard tools offered by
database software were used. Such diverse lists of data are an additional useful asset that
significantly improves and facilitate analysis and drawing conclusions based on the results
of trials and tests.
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Figure 3. The interface of the relational database “Documents archive” — scheme of using
of forms in generating exemplary reports
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Possibilities of cooperation with other software

Among the softwares taht can be interfaces with the database ,,Documents archive” can
be listed: calculation sheets, text editors, applications sending mails, fax machines and
internet browsers. This is made possible by tools exporting data to other applications, as
well as tools that facilitate import of data from such applications. This characteristic im-
proves significantly the possibilities of making available and processing of the stored data.
,Documents archive” database application can cooperate with diverse components of MS
Microsoft Office package, as well as with other software (e.g. ARM?7 application) that
support conducting experimental research. Data exchange between the database and other
applicationscan be obtained using MS Access tools and by means of them to Exchange data
from the whole chart or sheet (in case of data import from MS Excel). It is also possible to
exchange only a part of data included in the chart, but appropriate macros must be created
and configured also using Visual Basic software. An example of data exchange with MS
Excel in ,,Documents archive” database is presented in Figure 4.
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Figure 4. Scheme of data exchange with MS Excel at the relational database “Documents
archive”
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The database application ,,Documents archive” uses also sites for data access (DAP —
Data Access Pages), which are prepared to be used for websites. They combine features of
forms and reports in HTML format documents connected directly with data in the database,
which can be placed in the Internet or can be used in MS Access program environment.
Access sites use the information that changes dynamically, i.e. a browser can access dy-
namic data stored in databases in an interactive way. One of the most interesting features of
DAP sites is a possibility of accessing grouped data, which is presented in Figure 5. This
feature allows using data for the analysis of information stored in charts and makes it possi-
ble to browse collected information and access data in a deeper way in order to find out
more on specific data connected with collected information.
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Figure 5. The interface of the relational database “Documents archive” — an access page
“Documentation card of the experiment”” with shown grouping selectors

In the relation database ,,Documents archive”, it was used Java language, which, is the
effective language of Java Server Pages (JSP) technology that is part of JavaPlatform Sys-
tem. JSP uses a bridge in order to make a connection with the database and acquire data:
JDBC:ODBC. JDBC allows giving instructions SQL from the level of Java language, and
ODBC is an appropriate steering tool for the base. By means of such configured connection
it is possible to make all operations at the database using available data (adding, removing,
editing and records modification), using the interface created in another programming lan-
guage. Java language was used in some HTML forms, and in their case all actions are per-
formed by means of the code included in the files *.jsp placed at the local server. It allows
using database by users of the local internet web (intranet). Upon performing registration
procedure, each time the user’s login and password are verified, and if the correctness is
confirmed (i.e. they are in the chart ‘Users’) steering is transferred to another website, e.g.
Dane.html (fig. 6), where a user may find all necessary data that refer to a particular PPP, or
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may display information on all PPPs available at the data base. When pressing the ,,Find”
button, appropriate data will be selected from the database (Fig. 6).

RTINS AR AT O TR ) RO

S — T

BTV AR AT O RO RO 1
—————

Figure 6. The interface of the relational database “Documents archive” — an example of
forms created at JavaPlatform by using Java language

Conclusions

Databases may become an extremely helpful scientific tool used in experiments con-
nected with plant protection. The “Documents archive” database that we have developed is
an example of such tool that has been used for storing information obtained from efficiency
trials of PPPs conducted at the Horticulture Department of the Research Institute of Horti-
culture in Skierniewice. It contains all information related to the trials, including the data of
employees who performed the study, the used means of plant protection, kind of crop that is
the subject of the research, location of experiments and tests, as well as their descriptions.
In this way the complete amount of information is made available that may be used for
further scientific studies. The scheme of the relational database, on which the presented
database application is based, was validated (e.g. charts were appropriately normalized),
which prevents redundancy of data. A fully automated interface of the program (because of
the usage of macros and VBA language) enables its users, by means of specially selected
forms, to quickly acquire the data stored in the database and to display them on the monitor
or to print them after selecting one of the several specially designed report forms. A possi-
bility of interfacing with diverse softwares (components of MS Microsoft Office, ARM7
application) as well as using diverse IT tools (Visual Basic for Applications language, SQL
language, DAP — Data Access Pages, Java language, Java Server Pages technology, HTML
language) allows the presented information system to offer diverse ways of obtaining the
stored information and processing it according to the requirements and needs of the users. It
is believed that such a database system is a significant support for conducting efficacy stud-
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ies of PPPs, which was practically verified by implementing it at the Horticulture Depart-
ment of the Research Institute of Horticulture in Skierniewice.
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RELACYJNA BAZA DANYCH WSPOMAGAJACA PROWADZENIE
DOSWIADCZEN ZWIAZANYCH Z OCHRONA ROSLIN

Streszczenie. Prowadzenie badan zwigzanych ze stosowaniem $rodkéw ochrony w chemicznych
metodach ochrony ros$lin uprawnych przed szkodnikami i chorobami wymaga wykorzystania baz
danych w celu gromadzenia uzyskanych wynikow. Bazy danych, a $ci$lej informacje w nich prze-
chowywane, mozna wykorzystaé¢ nie tylko w trakcie prowadzenia dalszych do§wiadczen w tym ob-
szarze badawczym, ale takze moga by¢ pomocne dla uzytkownikow tych baz, chocby w ich pracy
naukowej. W niniejszym artykule zostata zaprezentowana aplikacja bazodanowa “Archiwum doku-
mentéw” oparta na relacyjnej bazie danych zaprojektowanej i zaimplementowanej przy wykorzysta-
niu SZBD Microsoft Access 2010. Program ten umozliwia zapisywanie wynikow badan i doswiad-
czen prowadzonych nad skutecznoscia srodkéw ochrony roslin w Oddziale Sadownictwa, Instytutu
Ogrodnictwa w Skierniewicach oraz efektywne wykorzystanie wczesniej uzyskanych wynikow
w toku procesu badawczego w tej jednostce naukowej. Nieskomplikowany, przyjazny uzytkownikowi
i w pelni zautomatyzowany interfejs prezentowanej aplikacji bazodanowej zostal zaimplementowany
w oparciu o rozmaite formularze, przy wykorzystaniu makr i procedur jezyka VBA. Natomiast moz-
liwo§¢ wspolpracy z réznorakim oprogramowaniem znacznie zwigksza mozliwosci, jakie oferuje
aplikacja bazodanowa ,,Archiwum dokumentow” w kwestii wyszukiwania i przetwarzania przecho-
wywanych informacji, czyniac z niej uzyteczne narzedzie (informatyczne) wykorzystywane w pro-
wadzeniu badan i doswiadczen naukowych zwiazanych z ochrona roslin. W ten sposdb, w oparciu
o przechowywane w bazie danych wyniki badan i dos§wiadczen, aplikacja bazodanowa umozliwia
szybka oceng stosowanych $rodkow ochrony roslin oraz wybor najbardziej optymalnego wariantu,
jesli chodzi o ich wykorzystanie dla konkretnej uprawy lub agrofaga.

Stowa Kkluczowe: relacyjna baza danych; aplikacja bazodanowa; interfejs bazy danych; ochrona
ro$lin
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quality of electric power issue, from the point of view of the electric power system capacity, are
small fragments of overloaded distribution networks, improvement of
which is first of all justified by the intensification of existing networks
capacity, not by development.

Introduction

In the document by the Ministry of Economics Energy policy of Poland to 2030 (2009)
attention is paid to the necessity of development of the electric power systems in order to
improve reliability of their operation, thus certainty of supplying recipients with electric
energy. Reliable supplies of electric energy to recipients require a correctly operating elec-
tric power system with sufficient capacity and a satisfactory technical condition.

Along with a systematic increase of demand for electric energy and development of dis-
persed sources, particularly the wind power industry, there is a need to increase the capacity
of supplying lines. The necessity of improving the technical condition of the electric power
systems follows also from their age, which results not only in the unsatisfactory quality of
supply but also excessive network losses. Thus, ensuring an efficient electric power system
requires modernization of the existing network systems and construction of new network
elements. In order to plan these undertakings, systematic analyses of sizes, which character-
ize network qualities, particularly their changes in time, are necessary. In the subject litera-
ture, there are many works on this scope (Kulczycki et al., 2009; Maciejewski, 2011; Mar-
zecki, 2005; Niewiedziat and Niewiedzial, 2012; Strozek, 2009; Trojanowska, 2008, 2009).
Mainly they concern the whole country or a region. Today, however, the local power indus-
try determines planning trends. Territorial self-governments and distribution enterprises are
responsible for supply in electric energy on the local level (Journal of Laws No. 54, 1997).
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The objective, scope and object of the paper

The objective of the paper was the analysis of development of distribution networks
through which rural households are supplied with electric energy, in particular the quantity
and quality analysis of these networks. To execute the objective of the paper, dynamics of
the electric power infrastructure and indicators, the most frequently used in power industry
for assessment of networks’ condition, were researched and the description of networks on
rural areas was compared to the description of urban networks. The objective of the paper
was executed on the example of the rural networks from central Poland located in the re-
gion of electric power operation of one distribution enterprise. These networks consist in
more than 3,600 km of MV lines, 5,200 km of LV lines and 2,600 of MV/LV power trans-
former stations.

Research results

The quantity analysis of the system

Development of electric power networks should be connected with inter alia changes of
recipients' demands for electric energy. Figure 1 presents dynamics of changes of electric
energy consumption by households on the investigated rural area within 5 years compared
to the dynamics of quantity changes of MV and LV lines and the power transformers sta-
tions of MV/LV through which these households are supplied with energy. Analogous
courses, but referred to the cities were presented in figure 2.
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Figure 1. Dynamics of electric energy consumption by households and development of
electric power infrastructure on rural areas
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Figure 2. Dynamics of electric energy consumption by households and development of
electric power infrastructure in cities

One may notice that in the analysed period of time dynamics of changes in consumption
of electric energy by rural households was considerably higher than in urban households.
Annual average increase of this consumption shaped on the level of 3.6% and 1.1% respec-
tively in the country and in the city. Such great increase in the demand for electric energy
of rural households results mainly from moving citizens of big agglomerations' to the coun-
try. Moreover, rural households consume per one recipient at the average 2.4 MWh of elec-
tric energy, i.e. approx. 10% more than the households in cities. Accompanying develop-
ment of infrastructure was considerably lower in the country than in the city. Therefore, in
the investigated period average annual increase of the number of power transformers sta-
tions and the MV and LV lines lengths were for rural areas respectively 0.65%, 0.17% and
0.33% whereas for cities — 0.99%, 0.62% and 1.01%.

This tendency does not concern only the recent years. As a result, participation of rural
system in the entire system decreases systematically, but in a small degree, which presently
for the MV line is 72%, for the LV line — 67% and for the power transformer stations of
MV/LV - 73%. At a more dynamic increase of energy consumption than in case of rural
electric power infrastructure, profitability of investing in local distribution networks rises.
We can only wonder what impact such situation has on their quality.

Analysis of the system quality

Indicators, which directly or indirectly describe the quality of the supplied energy, in
particular the supply voltage, are the best for assessment of the quality of networks.

Value of voltages at the ends of power lines depends on their length, cross section and
indirectly from the use of admissible load. It is considered that in order to ensure the re-
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quired level of voltage at the end of the MV power lines, the total length of supply lines

from one field of main switching station should not exceed 50 km.

On the investigated rural areas, participation of the MV power lines with the length ex-
ceeding 50 km on the rural areas is 10.6% and in the cities 0.4% and it has not changed for
years. Many circuits of medium voltage have small cross sections of conduits i.e. bigger
than 35 mm®. In the country they amount to 63% and in the cities to 43% of all MV circuits.

On account of the lines capacity in the country and in the city, situation is similar and
participation of circuits with the capacity higher than 50% (but lower than 80%) shapes at
the level of 0.07.

For assessment of the quality of low voltage networks, distribution companies use the
following indexes:

— percentage participation of the LV circuits with the phase voltage above the rated volt-
age (Uzn), within the norm, within the scope from Uzn — 10% to Uzn — 20%, below
Uzn — 20%,

— percentage participation of circuits with the length below 500 m, from 500 to 1000 m,
above 1000 m.

— percentage participation of circuits of the cross section of conduits below 25 mm?,
35 mm?, 50 mm?, 70 mm?, above 70 mm?,

— percentage participation of circuits with the use of the line capacity above 90%, from
70 to 89%, from 50 to 69%, to 49%.
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Figure 3. Indexes describing quality of low voltage network in the country and in the city,
where: PPB — participation of LV circuits of inadmissible voltage, PPL_500 — participation
of LV circuits of the length below 500 m, PPS 50 — participation of LV circuits of the
cross-section of conduits below 50 mm’, PPL_70 — participation of LV circuits of the ad-
missible capacity use degree above 70%
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Although, these are recognized values, not all are equally important, and thus useful for
assessment of the network quality. According to the research carried out by Trojanowska
and Necka (2010) to such sizes one should include: participation of LV circuits of inadmis-
sible voltage (PPB) i.e. exceeding £10% rated voltage Uzn, of the length below 500 m
(PPL 500) and the cross-section of conduits below 50 mm’ (PPS 50) and the circuits of the
admissible capacity use degree above 70% (PPL 70). The research was limited only to the
analysis of these indexes. Calculations results were presented in figure 3.

As it can be seen in the analysed period, indicators characterizing the quality of the low
voltage network have not changed a lot and the quality of rural networks was and is slightly
worse than the urban ones. On the rural areas participation of the LV circuits, where voltag-
es inadmissible by provisions occur, reaches 2, 3% locally decreasing below the rated value
even by more than 20%. In the cities this phenomenon is marginal. Such state of affairs is
influenced by, inter alia, the length of circuits and their cross-sections. In the country ap-
prox. 70% of circuits is longer than 500 m and 50% of circuits has cross-sections not bigger
than 35 mm®. The capacity of rural and urban networks is similar. Majority of lines is over-
loaded to a small extent. However, there are fragments, where overloads occur, which result
in limitation of transmitting capacities of networks.

Conclusion

There is a constant need to increase the network capacity on account of development of
the dispersed power industry especially the wind power industry. In present realities, how-
ever, it seems that instead of expensive and risky development of the electric power sys-
tems, first of all, the use of transmission capacities of the existing networks should be inten-
sified. The easiest possibility to increase the overhead line capacity is to increase border
working temperature of conduits, which should be accompanied by regulation of the power
line sag. Furthermore, the analysis should be carried out to find out whether assumed ex-
ploitation times of basic elements of a network, after which they should be replaced, are not
too short.
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ANALIZA ROZWOJU ELEKTROENERGETYCZNYCH SIECI
ROZDZIELCZYCH NA TERENACH WIEJSKICH
POLSKI CENTRALNEJ

Streszczenie. Przeanalizowano dynamike zmian ilosciowych i jako$ciowych wiejskich sieci elektroe-
nergetycznych na tle sieci miejskich. Stwierdzono, ze w latach 2006-2011 przy 18% wzroScie zuzycia
energii elektrycznej przez gospodarstwa wiejskie nastapil ok. 0,5% rozwdj sieci, za posrednictwem
ktorych gospodarstwa te zasilane sa w energig elektryczna. Pomimo tego warto$ci wskaznikow cha-
rakteryzujacych jako$¢ zasilania odbiorcow nie ulegly pogorszeniu. Stopien wykorzystania przepu-
stowosci linii jest w dalszym ciagu nieduzy. Problemem z punktu widzenia przepustowosci systemu
elektroenergetycznego sa niewielkie odcinki przeciazonych sieci rozdzielczych, ktérych poprawe
stanu upatruje si¢ w pierwszej kolejnosci nie w rozwoju, a w intensyfikacji przepustowosci sieci
istniejacych.

Stowa kluczowe: elektroenergetyczne sieci rozdzielcze, jakos¢ energii elektrycznej
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yield model the Institute. As a supplement to the YFM, an application for genera-

weather index

. . tion of reports on yield forecasts was built with the use of the models.
model implementation . . .
SOL Reports in text and spreadsheet form are sent by e-mail to designated
reporting application recipients. The application extends the YFM functionality adjusting
e-mail information to the recipient's needs (selection of crops and localities).

The tests conducted on the application showed conformity of the
results generated by the reporting application and the yield forecast
module.

Introduction

In 2005 at IUNG-PIB a research project aiming at the construction of the "Decision
support system in plant production” (DSSPP) intended for generation of information for
agricultural producers, advisers, administration etc. was undertaken (Zaliwski, 2009). One
of the elements of the system is a module of forecasting maize, potato, winter wheat and
triticale yield. The construction of the module of yield forecast assumes the application of
long-term research achievements of the IUNG-PIB’s Department of Agrometeorology
within the scope of investigating relations between the crop yield and the weather. The
beginnings of the research works carried out in this area by the Department (transformed in
2000 into the Department of Agrometeorology and Applied Informatics) date back to 1971-
1975. At that time they focused on the recognition of climatic requirements of the selected
cultivation plants and development of the methodology of assessment of the effectiveness
of the climate with regard to the yield formation potential (Demidowicz et al., 2013). In the

l Publication written as part of project 4.1. of the multi-year programme of [UNG-PIB Putawy.
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later period, the emphasis was placed on the climatic variability of plant yielding and the
improvement of the methodology for determination of the relation of plant development
and yielding to the weather. Construction (in the spreadsheet) of yield models of a number
of cultivation plants followed, making it possible to build the Internet "System of agricul-
tural recommendations related to the weather" (IPO) in 2005 (Kozyra et al., 2009). For the
system needs the yield models were implemented in SQL language. The interface of the
IPO system was rebuilt during the development of its second version (the first one is still
available in the Internet). Moreover, many elements which enable remote administration,
automatic supply of weather data from IUNG-PIB’s agrometeorological stations and upload
of decade data from synoptic stations of IMGW [Institute of Meteorology and Water Man-
agement] were added. The intention of the constructors of the IPO system was to make the
implemented yield models available to a wider circle of users.

The objective of the article is to present the application for generation of reports on yield
forecasts of the selected crops and sending them by e-mail to specific recipients, such one
that enables personalization of information (selection of crops and localizations).

Structure and operation of the application

The reporting application was written in C#3.0 language for the ASP.NET 3.5 Frame-
work environment as a console program (for running in DOS window). The application has
two work modes: manual and automatic. Selection of the work mode depends on the value
of a respective argument provided in the command line or on the value of the respective
parameter in the configuration file (fig.1). In a similar manner (from the command line or
the configuration file) the application reads out the remaining settings: addresses to which
e-mails are to be sent, crops and localizations of station, for which forecasts must be calcu-
lated. Absence of one of these settings aborts processing.

Manual start of the application is used mainly for testing of its operation on the local
machine. In the automatic operation mode, the application is started by the Task Schedule
and performs consecutive stages of processing in a loop (fig. 1). Iteration of processing
stages may finish after the first run or it may be multiple. In the second case the application
resides in the RAM memory and repeats the attempt of e-mail creation in specific time
intervals up to the moment of success. The repetitions constitute a security measure against
faults, such as a temporary unavailability of the database server. A successful readout of the
information on stations, generation of the forecasts and sending an e-mail according to the
settings (fig. 1) means a successful run of the application and releases the RAM memory.

The application operation and possible errors are tracked and registered in two text files:
the work-progress registration file and the error registration file. After achieving a particu-
lar size they are compressed in the specified catalogue and removed from the hard disc. The
compression procedures are ensured with the library SharpZipLib.dll (IC#Code, 2012).
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1 .bat file (command line)
Reporting application < .config file
e Work parameters loading
(e-mail addresses, crops, stations)
2 IPO database 3 RAM memory 4 Mail server
e Readout of data on stations e Report compilation (text, _ _
e Starting yield models spreadsheet) e E-mail sending
e Loading forecasts e E-mail creation

Figure 1. Task sequence of reporting application: 1 — work parameter loading, 2 — forecast
loading, 3 — report and e-mail message creation, 4 — message sending

Implementation of yield models in SQL language

Yield models are started in the second stage of the application operation, which consists
of three steps (fig.1):
— readout of data on synoptic stations from the IPO database,
— starting the yield models,
— loading yield forecasts for the crops and stations assigned.

Failure in the realization of one of these steps stops further operation of the application.
In the automatic work mode it means repeating stages 2, 3 and 4 inside a loop (fig.1). When
the yield models are started, the control switches to the database. The yield models were
written as stored procedures in SQL language (Vieira, 2007) and are identical with the
procedures used by the yield forecast module of the "System of agricultural recommenda-
tions related to the weather" (IPO, 2013; Kozyra et al., 2009).

The yield models (for winter wheat, winter triticale, maize and potato) were developed
at the Department of Agrometeorology and Applied Informatics of the IUNG-PIB in
Putawy. The author of the concept and methodology of their development and the author of
three of them (winter wheat, maize and potato) is Tadeusz Gorski (Gorski et al., 1994,
Gorski et al., 1997). The model of winter triticale yield was constructed by Anna Nierdbca
who drew on Gorski's methodology. In order to make the use of the models in the yield
forecast module of the IPO system they were adapted to the network database environment
and rewritten as SQL stored procedures. Such a solution was dictated by an intensive com-
munication of the models with the database (multiple data selection operations at subse-
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quent calculation stages). Moreover, the implementation of models entirely in the database
language makes them more universal (independent from the platform and the language used
for application programming). In case of possible need to modify a model, there is only
a necessity to change the stored procedure, provided that the interface remains unmodified
(see fig. 2). Thus, an interference in the application code is averted. A confirmation of prac-
tical value of this solution would be probably particularly evident in the case of switching
to a database of another manufacturer, different from the one in use with the YFM. Most
probably it would require verification and revision of stored procedures, but the only modi-
fication necessary in the application per se would be a change of the database connection
string in the configuration file.

Model interface (SQL procedure parameters)

Reporting application < Input Output
@ResString varchar (400)
(@StationID int (@DatesString varchar (400)
@Y ear smallint (@numResValidValues smallint

@@RETURN_VALUE int

v A

Yield model (SQL stored procedure)

e Loads decade data from table ipoMeteo for station (@ StationID and year (@Y ear
o Calculates partial weather indexes ipoy

e Returns x ipo results in parameter (@ResString along with dates in parameter (@DatesString

Figure 2. Interface of yield model (input and output parameters of SOL stored procedure)

Input parameters of the models (fig. 2) are: meterorological station index (@StationID)
and the forecast year (@Year). The remaining parameters constitute the model output: they
return the calculation results to the calling procedure. The essential results (values of
weather indexes ipo, and forecast dates) are transferred in the parameters @ResString and
@DatesString of string type. Such a solution was adopted because of a variable number of
results, wich depends on the forecast date and completeness of weather data. It allowed the
use of one interface for all models. The year of the beginning of the yield calculation of
winter crops (winter wheat and winter triticale) is the year preceding the year provided in
the parameter @Y ear; in other words it is @Year-1. Particular dates and values of weather
indexes placed in strings are separated with the sign . Their extraction from a string does
not present a problem.

In the parameter @@RETURN_VALUE (fig. 2) a code is returned — an integer belong-
ing to the code set, which helps to describe all stages of the model operation. Based on the
interpretation of the return code value a decision on further proceeding is made. In the case
of lack of any calculations, the procedure generates codes with negative values (different
for errors and "no data") (fig. 3). Such a situation occurs before 1st November of the previ-
ous year, when in the database the dataset necessary for calculating the first forecast is not
complete (calculation of the weather index ipo,). Positive values of the code are used for
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notification that the model carried out a calculation of one of fractional weather indexes
(ipo;-ipoyp). Code 0 (zero) means, on the other hand, the end of the procedure run with
a complete dataset, resulting in the full number of weather forecasts ipo;-ipoy; (fig.4).

Winter wheat yield model IPO Decade data table
® ipo, SELECT FROM TABLE - |® September - October
—
< NO DATASET temperature, sum of precipitation, sunshine
duration
® ipo, o December - February
temperature, sum of precipitation, snow cover
. e March
® ipo;
temperature, sum of precipitation, snow cover,
sunshine duration
® ipo,
° .. o April
® ipo;; o ...
v ® August

no results

Figure 3. Yield model of winter wheat — no calculations. Markings: ipo,., ..— partial weath-
er indices, ipo;; — final weather index, NO DATASET — no weather data

Subsequent weather indexes constitute an yield assessment made on the basis of a series
of the weather data from the consecutive periods; thus, the nearer the period draws to the
cropping date, the more precise the approximation to the real values becomes. Consecutive
indexes (ipo,.11, except for ipo;) are calculated acc. to the formula (1):

ipox = ix + (ipox—l - 100) (1)
where:
x  —date of conducting a forecast,
ipo, — fractional weather index for the date x, (%)
iy —result of calculation of the weather index for date x, (%)

ipoy.; — fractional weather index for the date preceding the date x, (%).

Each consecutive fractional weather index expresses then the impact on the yield of all
the preceding indexes. Real values of yields may be obtained only after the harvest of win-
ter wheat, which in Poland as a rule takes place not earlier than on 8th July and not later
than 7th September (Cyfert et al., 2008; Najewski et al., 2012). These dates are of course
approximate, because the date of harvest depends on the region and the weather in a given
year.
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Winter wheat yield model PO Decade data table
® ipo, SELECT FROM TABLE - |® September - October
DATASET - P : .
< AR temperature, sum of precipitation, sunshine duration
® ipo, SELECT FROM TABLE
> |® December - February
_ DATASET L
< temperature, sum of precipitation, snow cover
® ipo; SELECT FROM TABLE -
1 DATASET > |0 March o
o temperature, sum of precipitation, snow cover,
® ipo, SELECT FROM TABLE - sunshine duration
_ DATASET - .
o =< e April
® 1poy SELECT FROM TABLE e ..
N el
< DATASET
l @ August
1p011

Figure 4. Yield model of winter wheat — calculation of final weather index. Markings:
ipo,.;p — partial weather indexes, ipo;; — final weather index, DATASET — query returns
a dataset for calculations

Results of testing the reporting application

The reporting application was tested first on a local machine with a remote access to the
database of the IPO system, and then on a remote server. The database was placed on the
database server in IUNG-PIB. Tests were carried out for weather data in years 2011-2012
from 34 meteorological stations. The application allows sending messages about yields
forecasts in text format and in a spreadsheet file attached as an enclosure to the e-mail. For
creation and filling in the spreadsheet the application uses the library ExcelLibrary.dll (E-
Infotainment, 2013) including classes that allow substituting the COM technology (COM,
2013). Thus, the installation of the Excel application is not required on the machine, on
which the application is started.

Stacja Lublin Radawiec

Pszenica ozima, sezon wegetacyjny 2011-2012
20111101 98532

20120301 97,826

20120501 98288

201206.01 8923

20120611 89535

20120621 88502

20120701 88308

20120711 85683

20120721 86,138

20120801 88621

20120901 91,327 Figure 5. Sample e-mail text

- prognoza OK: stosunek wynikow prawidtowych/brakujacych = {11/11) message (fragmen 1)
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100

AREAEEARE R

Stacja Lublin Radawiec

Pszenica ozima, sezon wegetacyjny 2011-2012
2011-11-01 98 53
2012-03-1 97,82
2012-05-01 98 28

o5

90 T

2012-06-01 8923 =T

2012-068-11 8a 53 = Pszenica ozima, sezon
— wegetacyiny 2011-

2012-06-21 885 80 15

2012-07-1 883

2012-07-11 85 68 75 S

2012-07-21 B6,13 ¥ _ex“" Q'V"' & ’Qo-“" & ,Su gx"' P

2012-08-01 B8 62 @.‘ @."' & @0 "90 '»°0 190 @{L 19-0 1@} n?\-

2012-08-01 91,32

Figure 6. Sample message in spreadsheet attached to e-mail (fragment)

Fig. 5 presents a fragment of the text e-mail sent by the application and in the fig. 6 the
corresponding fragment of the message in Excel file is shown. These are forecasts of the
winter wheat yield for the locality of Lublin Radawiec in the vegetation season 2011-2012.
Both mails include the same data. The format of the spreadsheet may be more suitable in
case of further processing of the results. For instance, using the data placed in the sheet, it is
easy to make a plot of the impact of weather conditions on yield. Such a plot (fig. 6) was
made manually. It expresses considerably better than dry numbers (shown on the left side
of the picture) a collapse of weather conditions, which took place from May 2012 to the
first decade of July inclusively. The further course of the weather, up to the cropping, was
favourable for the yield. Nonetheless, as one may conclude from the forecast results, the
conditions were not sufficiently propitious as to make up for the losses.

A comparison of the forecasts generated by the reporting application with the forecasts
made by the yield forecast module showed a full conformity of calculation results.

Conclusion

A possibility of automatic reporting of yield forecasts of the selected crops for a locality
with the use of e-mail was verified in practice. A reporting application, created for this
purpose, uses models of yields developed at [IUNG-PIB and implemented in SQL language
in the yield forecast module of the "System of agricultural recommendations related to the
weather", supplied with decade weather data. The tests which were carried out proved
a full conformity of results generated by the application and the YFM module.

Correctness of operation of the reporting application, as well as of the IPO system, de-
pends on the timely update of the weather data. The application complements the system
with a signalization function, transmitting information on forecasts to the recipients as soon
as it becomes available.
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APLIKACJA RAPORTUJACA PROGNOZY PLONOW WYBRANYCH
UPRAW W POLSCE

Streszczenie. Od 2005 roku w IUNG-PIB prowadzone sa prace nad budowa "Systemu wspomagania
decyzji w zakresie produkcji roslinnej" (SWDPR), przeznaczonego do generowania informacji dla
producentéw rolnych, doradcéw, administracji, itd. W sktad SWDPR wchodzi modul prognozowania
plonéw (MPP), implementujacy w jezyku SQL modele plonowania wybranych roslin uprawnych
opracowane w Instytucie. Jako uzupelienie MPP zbudowano aplikacje do generowania raportow
o prognozach plonowania ro$lin uprawnych, wykorzystujac modele pochodzace z MPP. Raporty
w formie tekstowej i w arkuszu kalkulacyjnym sa przesytane droga elektroniczna do okreslonych
odbiorcow. Aplikacja rozszerza funkcjonalno§¢ MPP umozliwiajac dostosowanie informacji do po-
trzeb odbiorcy (wybor uprawy i miejscowosci). Testowanie aplikacji pozwolito stwierdzi¢ zgodno$é
wynikow generowanych przez aplikacjg raportujaca i modut prognozowania plondw.

Stowa kluczowe: model plonowania, indeks pogodowy, implementacja modelu, SQL, aplikacja
raportujaca, e-mail
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of the data on protection products and their doses. Other sources of
these data are websites of plant protection product producers and
online shops. In the data updating process the following stages were
distinguished: owned-resources stocktaking, data quality criteria
selection, credible data sources determination, data acquisition by the
application of the criteria, data adaptation to the system requirements,
data entry, data verification. Each one of the itemized stages contrib-
utes to the ultimate data quality after the updating. The stages of
credible data sources determination, data acquisition and data adapta-
tion to the system requirements were found to be labour intensive.
About a triple reduction of labour input into the updating was
achieved through the improvement of the data acquisition process,
gaining proficiency in the database editors operation and the cumula-
tive effect of build-up of specific data resources in the system. The
adopted verification procedures for update correctness are described.

Introduction

"The Internet decision support system in cereals protection" (CP-DSS) constitutes an el-
ement of "The decision support system in the integrated plant protection" (Nierobca et al.,
2010; Zaliwski, 2009). The mentioned supersystem, being still in the prototype stadium
was marked with the acronym IPM DSS (Integrated Pest Management Decision Support

"Publication written as part of project 4.1. of the multi-annual programme of IUNG-PIB Putawy.
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System). IPM DSS was created as a result of realization of the foreign research-
development project, carried out together with the Danish Institute of Agricultural Sciences.
The main elements of IPM DSS are plant protection models generating recommendations
on the need to carry out treatments based on precisely determined threshold values (Nie-
rébca, 2009). Economic thresholds are determined with regard to the percentage of plants
with disease symptoms. Exceeding the threshold suggests the increase of the yield losses
above the treatment costs which justifies the protection treatment. Both economic thresh-
olds and doses of plant protection products, recommended by the system, are defined for
the specific species, variety and growth stage.

The developed economic thresholds were verified in field experiments in various envi-
ronmental conditions (Nierobca, 2009). Field experiments carried out in 2001-2006 con-
firmed the usefulness, in Polish conditions, of winter and spring wheat protection models
against the most important diseases: mildew of grasses and cereals, yellow rust, brown rust,
eyespot and septoria as well as against pests: aphids and grain beetle larvae.

IPM website

IPM DSS

Recommendations in crop ADMIN ;
protection Administration Service

CP-DSS
Recommendations in cereals
protection

YYVYY
Other DSS and models

® Model of Agroclimate
e models in plant production
e DSS in plant production

Figure 1. Organization of the IPM website

IPM DSS system was made available in the Internet in 2003 as an element of the web-
site marked with the IPM acronym (fig. 1). PC back office programs for management of
data bases are an important addition to the system, which was provided to the Polish team
by the Danish party. They enabled a manual edition of the data on varieties, plant protection
products, users and weather data. With their use, update of data was carried out to the mo-
ment of the IPM website migration to a new server in 2007. The change of the software
environment (operational system, database) immobilized Danish back office programs,
disabling data updating. So, soon a decision was made to develop own back office software
(Zaliwski, 2009b; Zaliwski, 2014). Frameworks of the internet "Administration Service"
(fig.1) were designed, designated for management of not only the IPM DSS databases but
of all the internet decision support systems and models developed in the Department of
Agrometeorology and Applied Informatics of the IUNG-PIB (Zaliwski, 2009a; Zaliwski
and Nierdbca, 2013). The ambitiously envisioned programme of development of the
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Administration Service, in comparison to the work team potential, resulted in a considera-
bly late construction of the back office applications patterned after the Danish PC pro-
grams, held up till 2013-2014. These works were carried out simultaneously with the sec-
ond migration of the IPM DSS system to the next server (Zaliwski and Nierdbca, 2013),
which enabled removal of unnecessary data "inherited" from the Danish prototype.

When starting data update in a big system, a specific technology for this process should
be assumed. Thorough update carried out for the first time requires preparation of data,
tools for data edition and development of proper procedures.

The objective of the article is the presentation of the databases update process of the
CP-DSS carried out in 2013-2014.

Preparation of database update

The main principle in the process of data entry to the system is a care for their high
quality in the process of collection. Later verification and correction, after the entry has
been conducted, is labour intensive, expensive and ineffective. Experts on the data and
information quality, such as Larry P. English (1999; 2009) and Thomas C. Redman and
A. Blanton Godfrey (1997) take the same view.

The first stage of data update is an inventory of the resources owned in order to know
their structure and in order to find out the lacking elements. Such an inventory was quite
easy to conduct with the use of the back office applications for edition of databases of the
CP-DSS (Zaliwski, 2014). Inventory results (in a rough outline) are presented in figure 2.

Kinds of data in
CP-DSS

____f”afﬁ \
it v
- T
Fa 7 2y / 2 =
( Dataonvarieties j ( Data on crop protection Data on plant protection
\ / : products product doses
e

& crop: winter wheat

# problem: mildew

# product: Amistar 250 SC
» growth stage: 29-65

@ dose: 1 1-ha’

+ other data

# crops (e.g. winter wheat) \
# varieties (e.g. Akteur)
+ growers (e.g. DANKO)
& problems (e.g. mildew)
# characteristic (e.g.
resistance to mildew)
« information sources
e other data !

. -

name: Amistar 250 8C \
type: fungicide

active substance: azoxystrobin
formulation: suspension concentrate
authorisation holder: Syngenta Polska
Sp. z 0.0.

¢ label link: www.syngenta com...

® price: 200 PLN-ha'

» other data /

Figure 2. Kinds of data in Cereal Protection DSS

In the second stage credible data sources should be chosen. With reference to credibility
Jozef Olenski (2001) divides information sources into original, secondary and derivated.
Original sources of information are real objects, phenomena and processes. Secondary
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information sources are organizations (institutions) which use their own information sys-
tems for generation of information based on primary sources. Derivated information comes
directly or indirectly from secondary sources. The bigger the number of intermediate stag-
es, the further copy of the original we deal with and the more errors and inaccuracy may
occur.

An example of the secondary source of data on varieties is "The list of agricultural
plants entered into the national register in Poland" [Lista odmian ro$lin rolniczych wpisa-
nych do krajowego rejestru w Polsce] (2013) and websites of crop variety growers. For data
on plant protection products these are: "Search engine of crop protection products"
[Wyszukiwarka srodkow ochrony roslin] (2014), which can be accessed on the website of
the Ministry of Agriculture and Rural Development as well as labels and material safety
data sheets of plant protection chemicals. Labels and safety data sheets are obtained from
websites of producers or distributors of products (those who hold an authorisation to intro-
duce a product on the territory of Poland). Online shops are an example of the secondary
source of crop protection product prices. An online shop is not a relevant data source con-
cerning characteristics of the crop protection product because it provides derivated data.

Data acquisition is the next stage. This stage is quite complex. One should compare the
offer with the data quality criteria, such as the criterion of compatibility with the require-
ments of the system, completeness, timeliness and correctness. The compatibility criterion
means that only those data are entered which will be used by the system. In the CP-DSS,
the plants for which protection models have been implemented are determinants in this
regard. Presently, there are only models for spring and winter wheat, which include the
pests mentioned in the introduction. Meeting the conditions of completeness and timeliness
means a necessity to omit the records, particular parts of which are incomplete and not up-
to-date.

With reference to completeness a criterion "stiff" or "soft" may be assumed. The "stiff"
criterion means a necessity to fill the entire record without leaving anything out. The "soft"
criterion differentiates between two parts of the record: an identification and calculation
part and an informative part. Requirement of completeness concerns only those record
fields, which are used for generation of recommendations (identification and calculation
part). In the remaining fields (informative part) lack of data is admissible. For example,
a crop protection product must have a name and type (fig. 2) because these are identifica-
tion fields. Price and dose are also indispensable, because they are used for calculation of
the treatment cost. However, many other data on the product, such as toxicity, threat to
bees, optimal conditions for effectiveness, impact on the successive crops or the risk of
immunization constitutes an additional piece of information, less or more significant to the
user. The use of the soft completeness criterion of a varied degree of rigour makes it possi-
ble to omit specific data of informative nature. It is important from the practical point of
view, because a full set of data on the plant protection product in the databases of the CP-
DSS constitutes a set of 44 various attributes. Some data are difficult to acquire and they
are less important to the user, e.g. the risk of immunization of the pest against an active
substance. The use of the stiff criterion would foreclose the use of such a record, limiting in
practice the update on account of numerous deficiencies in available data.

The criterion of data timeliness in the case of varieties takes into account the expiration
date of the entry in the national register (Lista odmian roslin..., 2013). In the case of crop
protection products, the date of product approval expiration is such an indicator (Wyszuki-
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warka §rodkow..., 2014). The search engine of crop protection products of the Ministry of
Agirculture and Rural Development enables searching the ministry database on crop protec-
tion products according to different attributes. It enabled the construction of the list of fun-
gicides and insecticides against diseases and pests of winter and spring wheat with the date
of approval expiration later than 2014. The list enabled a systematic approach to updating
of the databases on crop protection products of the CP-DSS (Zaliwski and Nierobca, 2014)
eliminating at the beginning the products soon to be withdrawn from use (soon to reach the
expiration date) and those which are not useful for the system on account of the pests con-
trolled.

Specific data, such as growth stages, most frequently referred to in source materials by
name, required to be expressed in numerical scale. In this case a table from Wikipedia
(Skale BBCH, 2014) was used. Expression of variety resistance to pests in the scale used
in the CP-DSS was a more difficult task. Original data on resistance were obtained from the
website of COBORU "Post-registration variety testing and recommendation"
[Porejestrowe do$wiadczalnictwo odmianowe i rolnicze] (PDOIR, 2014), and then they
required to be interpreted by an expert.

Data entry

Sets of data on varieties, crop protection products and doses were introduced to the da-
tabases of the CP-DSS manually with the use of three various back office applications (edi-
tors): "editvariety", "editchemicals" and "editdiseasepest" (Zaliwski, 2014). The most time-
consuming was the entry of the data on crop protection products on account of extensive-
ness of the data set. In the initial period of update, the entry of one set of data took approx.
4 hours. Searching for a data source in the Internet consumed much time at the beginning
(finding websites of producers and distributors of products, finding online shops).

The procedure of searching for data on crop protection products is as follows. After
drawing a product from the list of products (prepared earlier pursuant to the expiration date
and the pests controlled) its availability on the market is checked. Its price and the size of
packages should be found in internet shops. Without these data, the product may be dis-
carded outright as non-useful for the CP-DSS. In the end, a label and a safety data sheet is
downloaded from the website of the producer or the distributor. After the collection of these
data, the crop protection product may be entered into the database. The data are copied into
the editor straight from the WWW pages as well as from labels and data safety sheets
(available by default as PDF files). In case of non-editable PDF files they were converted to
editable files.

It was found out that the main sources of significant work input of manual updating of
the data on crop protection products were:

— large number of attributes (44),

— no strict standardization of labels and data safety sheets (difficulty in finding data),

— no rigour concerning the content of provided information (necessity of converting in-
formation to single format),

— difficulty in determination of the URL address of labels and data safety sheets or no
data safety sheets,

— necessity of shortening the content in order to adjust the length to some fields in data-
base,
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— necessity to navigate through many pages of the editor (application "editchemcials" has
e.g. 10 pages).

This last source of labour intensity of manual data update was the incentive for the at-
tempt to automatize data entry with the use of ,,ijpmDatal.oader” program (Zaliwski, 2014).
The program enables import to the databases of the CP-DSS entire variety and crop protec-
tion product data sets in one go. It was successfully used for import of data on varieties,
whereas in the case of plant protection products the attempt was not successful. Before
import the data require preparation in the text file, which took almost the same time as their
copying into the editor "editchemicals".

Becoming skilled at searching for data and working with the application "editchemi-
cals" allowed after some time approx. threefold increase in efficiency of product data entry.
Of importance was an accumulative effect of build-up of specific data, which once entered,
were available in the selection boxes.

Verification of correctness of the data entered

It should be noticed that the databases of the CP-DSS by themselves have basic control
mechanisms of the correctness of the data being entered (e.g. minimum and maximum for
numerical values, dates, etc.) However, a great number of data are in a text format. Con-
struction of validation rules in this case would be very difficult on account of unpredictabil-
ity of content. Thus, validation carried out by humans is required. Then, however, even the
highest concentration and care do not guarantee complete elimination of errors during data
input.

Wirtuoz 520 EC

Fungicyd Wybierz srodek

Wirtuoz 520 EC
Informacie ogélne Rejestracia Instrukcla stosowania Ochrona Transport

Zastrzezenia prawna

Podana infermacia jest oparta na danych zebranych od instytucii zajmujacych sig ochrong srodowiska, producentdw sredkow chemicznych itd,
IUNG-FIB nie bierze odpowiedzialnosci 2a poprawnosc prezentowanych informacii. Zauwazone bledy madna zgtaszac do: Andrzej S, Zaliwski,
e-mail

Zapoznaj sie z ninlejszymi informacjami przed uzyciem érodka

Informacje ogdlne

Wielkod¢ opakowania . . . Aktywna substancia chemiczna
Cena (ostatnia aktualizacja
1-5L ( Ja) 160 g/l tebukonazol

125 fl_{25 listopada 2013)
F . < 40 gfl proguinazid
Posiadacz zezwolenia 3 ¥
DU Pont de [nternational Operations Sarl, (| Lo Uiytiows 320 gfl prochioraz
£ WskaZnik czestotliwadci zabiegé
I:I\rstr'llbutor SHaink cigstolhiwosch Zabiegow

== - ochroeny (TFI):
Ju Pont Poland Sp. z 0.0.
D Pont Poland Sp. z o Brak

Figure 3. WWW page displaying characteristic of protection chemical

Data verification was carried out in two ways. First of all, just after the input, the input
version was compared with the source. The second way was checking the manner of the
input data display in the front office applications of the CP-DSS:

232



Updating databases...

— on the recommendation-generating page,
— on the page displaying the chemical product characteristics.

Verification of data in the front office application allows finding out and correcting er-
rors made during their entry and overlooked during the first verification. It requires com-
paring two pages. In the front office application, the data are verified and in the database
editor the errors are corrected. Such work should be carried out at the workstation equipped
with two screens. An example of finding out the missing datum "Formulation type"
(marked with a red frame) in the application "Characteristics of protection chemical" of the
CP-DSS system is presented in figure 3.

Summary and conclusions

The tasks which were carried out, with the aim to update the databases of the CP-DSS
system make it possible to draw the following conclusions:

1. Generally available internet resources were a sufficient source for obtaining all neces-
sary data for the CP-DSS update. Some data (e.g. plant resistance) required expert in-
terpretation in order to adjust to the scale used in the system.

2. On account of the manner of obtaining the data (independent acquisition from the
sources available in the Internet), the update was time-consuming at the beginning,
which was caused by the necessity to find information sources and acquiring skills at
searching for the necessary resources.

3. Main reasons of significant work input in the process of updating data on protection
chemicals was the difficulty in determination of URL addresses of some products (non-
intuitive construction of WWW pages), difficulty in finding data in the texts acquired
(inconsequential use of the content standardization by information generators) as well
as the necessity to shorten the data content (in adjustment to the restrictions of the CP-
DSS databases).

4. Improvement of the process of data acquisition and their adjustment to the system
needs, acquiring skills at editors operation and accumulative effect of specific data
build-up in the system had great impact (approx. three times) on the reduction of la-
bour input of the update.

The following stages of the update process of databases were distinguished in this pa-
per: inventory of the resources owned, selection of credible data sources, selection of the
data quality criteria, data acquisition with the use of the criteria, adjusting data to the sys-
tem needs, verification of the data entered. Each of the mentioned stages affects the final
(after-update) quality of data. When assessing the tasks carried out, one should bear in mind
that after every effort has been made, errors may occur, which is proved by figure 3. How-
ever, working out a reliable update process has a great impact on their reduction. Thus, data
update is a process, which should be constantly improved.
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AKTUALIZACJA BAZ DANYCH INTERNETOWEGO SYSTEMU
WSPOMAGANIA DECYZJI W OCHRONIE ZBOZ

Streszczenie. Przedstawiono proces aktualizacji danych w bazach danych internetowego systemu
wspomagania decyzji w ochronie zbdz. System wykorzystuje trzy rodzaje danych: o odmianach
pszenicy jarej i ozimej, o $rodkach ochrony roélin (fungicydy i insektycydy przeciw chorobom
i szkodnikom pszenicy) i o dawkach $rodkow. Stwierdzono, ze wszystkie niezb¢dne dane do aktuali-
zacji mozna pozyskaé z dostepnych zasobow internetowych. Zrédtem danych o odmianach sa mate-
riaty COBORU oraz strony internetowe hodowcéw roslin rolniczych. Istotnym zrodlem danych
o srodkach ochrony roélin i ich dawkach jest wyszukiwarka $rodkéw ochrony roslin udostgpniana na
stronach Ministerstwa Rolnictwa i Rozwoju Wsi. Inne zZréodta tych danych to strony internetowe
producentdéw s$rodkow ochrony roslin oraz sklepy internetowe. W procesie aktualizacji danych
wyrozniono nastgpujace etapy: inwentaryzacja posiadanych zasobow, wybor kryteriow jako$ci da-
nych, ustalenie wiarygodnych zrédet, pozyskanie danych z zastosowaniem kryteriow, dostosowanie
danych do potrzeb systemu, wprowadzanie, weryfikacja danych. Kazdy z wymienionych etapéw ma
wplyw na ostateczna jakos$¢ danych po aktualizacji. Stwierdzono duza pracochtonnos$¢ etapow: usta-
lenia wiarygodnych zrodet, pozyskiwania danych i dostosowania danych do potrzeb systemu. Okoto
trzykrotne zmniejszenie pracochtonno$ci aktualizacji uzyskano na skutek ulepszenia procesu techno-
logicznego pozyskiwania danych, zdobycie do§wiadczenia w obstudze edytoréw baz danych i kumu-
latywny efekt wzrostu zasobéw okre$lonych danych w systemie. Opisano przyjgte procedury weryfi-
kacji poprawno$ci wprowadzenia danych.

Stowa kluczowe: jakos$¢ danych, jako$¢ informacji, aktualizacja danych, baza danych, system wspo-
magania decyzji
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Wstep

Inzynieria rolnicza to interdyscyplinarna (a) nauka i (b) wiedza zawodowa o konstruo-
waniu, budowie i eksploatacji urzadzen technicznych stosowanych w produkcji i przetwor-
stwie zywnoS$ciowych 1 niezywnoSciowych surowcow biologicznych (roslinnych
i zwierzecych)®. Inzynieria rolnicza to takze (c) kierunek studiéw, jakkolwiek w oficjalnym
wykazie uzywana jest nazwa ,,technika rolnicza i lesna”. Pozostajac przy sprawach nazew-
nictwa warto przypomnie¢, ze w latach 50-tych i 60-tych ubieglego (XX) wieku, inzynieria
rolnicza nazywano ten zakres wiedzy — naukowej i zawodowej — jaki utozsamiamy byt
z melioracjami, budownictwem wodnym i geodezja. Ewolucja nazwy nie jest, jak si¢ wyda-
je, sprawa zamknigta, gdyz w uniwersyteckim Srodowisku uczelni rolniczych i przyrodni-
czych dyskutowana jest zmiana ,.techniki rolniczej i leSnej” na ,,inzynierig biosystemow”
lub ,,inzynierig¢ biosystemowa”. Do sprawy definicji inzynierii rolniczej i zmian nazewnic-
twa wrocimy jeszcze w dalszej czesci artykutu.

Jak w kazdej dyscyplinie naukowej i zawodowej tak i w inzynierii rolniczej powotywa-
ne sa organizacje zrzeszajace osoby profesjonalnie zwigzane z ta dyscyplina. W Polsce sa
nimi Polskie Towarzystwo Inzynierii Rolniczej (PTIR) i Stowarzyszenie Naukowo-
Techniczne Inzynieréw i Technikéw Rolnictwa (SITR). SITR jest czlonkiem Naczelnej
Organizacji Technicznej (NOT). Poréwnanie celéw dziatania tych dwoch organizacji
wskazuje duza zbieznos¢ (por. www.ptir.org i www.sitr.pl). Wiele podobienstw w zakre-
sach dziatania PTIR i SITR mozna zauwazy¢ takze poréwnujac je z zakresem dzialania
Komitetu Techniki Rolniczej (KTR) Polskiej Akademii Nauk (por. www.ktr.pan), ktory
zrzesza przedstawicieli $rodowisk uniwersyteckich i instytutow badawczych. Komitet
Techniki Rolniczej jest stowarzyszone z Migdzynarodowa Organizacja Inzynierii Rolniczej
i Biosystemow (CIGR)™.

Wiéréd podstawowych, statutowych, kierunkow dziatania wszystkich wymienionych
wyzej, stowarzyszen naukowo-inzynieryjnych sa, m.in.: (1) inicjowanie i wspieranie badan
z zakresu inzynierii rolniczej oraz ich praktycznych zastosowan, (2) organizowanie i wspie-
ranie wspoltpracy czlonkow organizacji oraz (3) promocja osiagni¢¢ inzynieryjnych w spo-
teczenstwie.

Podrgcznikowa definicja inzynierii rolniczej brzmi nastgpujaco: Agricultural engineering has been
applying scientific principles for the optimal conversion of natural resources into agricultural land,
machinery, structure, processes and systems for the benefit of man (por. CIGR Handbook of agr,
eng.).

CIGR — Commission International du Génie Rural, od 2008 r. International Commision of Agricul-
tural and Biosystems Engineering. Brak jest oficjalnego thumaczenia nazwy tej organizacji na jgzyk
polski, stad uzywane sa okreslenia: ,,organizacja”, ,,stowarzyszenie”, ,,towarzystwo” i ,.komisja”.
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Warto w tym miejscu zwroci¢ uwage Czytelnika, ze stowarzyszenia inzynieréw rolnic-
twa sa w grupie wielu innych, inzynieryjnych, stowarzyszen naukowych i zawodowych,
a ich podstawowe, statutowe, kierunki dziatania sa niemal, zawsze takie same, jak wymie-
nione wyzej (chociaz niekiedy nieco inaczej sformutowane). Stowarzyszenia inzynierow
rolnictwa wyrdzniaja sig, sposrod innych stowarzyszen inzynierskich (np. budownictwa,
elektrycznych, chemicznych itp.), zaréwno specyficznym zakresem wiedzy, a takze wigk-
sza interdyscyplinarnoscia.

Znaczenie danego stowarzyszenia w $rodowisku krajowym i migdzynarodowym — po-
réownujac je ze znaczeniem innych stowarzyszen — wynika, przede wszystkim, z podejmo-
wanych przedsigwzig¢ (naukowych i praktycznych), ktore w spoteczenstwie sa, w danym
okresie, wazne z réznych wzgledow. Powazanie, spoteczne uznanie itd., jakim cieszy si¢
dane stowarzyszenie inzynieryjne, zaleza z pewnoscia, od aktualnych i planowanych pro-
bleméw, jakie dane stowarzyszenie zamierza rozwiazywac dla dobra ludzi (,,...for the be-
nefit of man” — por. CIGR-owska definicj¢ inzynierii rolniczej).

W latach powojennych takimi waznymi przedsigwzigciami dla inzynierii rolniczej byto
wytwarzanie wystarczajacej ilo§ci zywnosci dla biednej, wygtodzonej ludnosci w znisz-
czonej militarnymi dziataniami Europie. Obecnie, przynajmniej na europejskim kontynen-
cie, to przedsigwzigcie ma znaczenie drugorzg¢dne, natomiast inne przedsigwzigcia, ktore
zostang przedstawione w dalszej czesci artykutu, nabieraja wigkszego znaczenia.

Definicja inzynierii rolniczej

Definiowanie poje¢ ma podstawowe znaczenie dla porozumiewania si¢ (przekazywania
informacji) migdzy ludzmi. Brzmi to banalnie, lecz przypomnienie tego jest waznym,
zwlaszcza w czasach, gdy manipulacja znaczeniem stow jest zjawiskiem powszechnym.
Manipulowanie takie prowadzi do nieporozumien, lub zgota braku mozliwosci dyskusji
— w tym takze dyskusji naukowych.

Brak jest jednej, powszechnie akceptowanej definicji inzynierii rolniczej, chociaz
w $rodowisku inzynieré6w rolnictwa — mniej lub bardziej — podobnie rozumie si¢ znaczenie
tego okreslenia (tj. okreslenia inzynieria rolnicza). Mniej, gdy — przyktadowo — przychodzi
wyjasni¢ roznicg pomigdzy kompetencjami zawodowymi inzyniera rolnictwa, absolwenta
Wydzialu Rolniczo-Ekonomicznego, a kompetencjami zawodowymi absolwenta Wydziatu
Inzynierii Produkcji i Energetyki Uniwersytetu Rolniczego. Przykladow takich mozna
przytoczy¢ wigcej i nie chodzi tu tylko o réznice w programach ksztatcenia ale, po prostu,
kim sa — w sensie zawodowym — inzynierowie tych, podobnych, kierunkow studiow.

Potrzeba opracowania jednoznacznej dla wszystkich definicji — profesjonalistow i ludzi
spora profesji ,,inzynieria rolnicza” — jest wigc wyzwaniem jakie jest przed srodowiskiem
inzynier6w rolnictwa. Potrzeba ta wynika takze z nieco innego rozumienia ,,inzynierii rol-
niczej” w kraju i na $wiecie.

Inzynieria rolnicza, w Polsce, jest — w przyblizeniu — synonimem ,.techniki rolnicze;
i lesnej”, ,,agroinzynierii” lub ,;mechanizacji rolnictwa”, ,,maszynoznawstwa rolniczego”,
jesli siegnaé glebiej w historig tej wspotczesnej dyscypliny naukowej. W migdzynarodo-
wym stowarzyszeniu (CIGR) inzynieria rolnicza jest pojgciem znacznie szerszym. Dobrze
wyjasniaja te réznice tytutu podrecznikéow (Handbooks) inzynierii rolniczej, dostgpne na
stronie internetowej CIGR (por. www.cigr.org).
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Tytuty te sa nastgpujace:
Land and water engineering (InZynieria rolnicza i wodna),

—_—

2. Animal production and aquacultural engineering (Inzynieria produkcji zwierzgcej oraz
upraw ro$lin w srodowiku wodnym i chowu ryb),

3. Plant production engineering (Inzynieria produkcji roslinne;j),

4. Agro-proccesing engineering (Inzynieria przetworstwa surowcow biologicznych),

5. Energy and biomass engineering (Energetyka rolnicza),

6. Information technology (Systemy informacyjne)

Bez trudu dostrzega sig, ze inzynieria ladowa (np. budowa drég wsrod pol), inzynieria
wodna (zaopatrzenie gospodarstw rolnych i zaktadow przetworczych w wodg oraz utyliza-
cjg Sciekow), budownictwo inwentarskie, konwencjonalna i niekonwencjonalna energetyka,
zarzadzanie projektami inzynieryjnymi (polaczone ze wspomaganiem systemami informa-
cyjnymi) to takze zakres inzynierii rolniczej. Czg$¢ zagadnien z wyzej wymienionego za-
kresu (inzyniera ladowa, budownictwo, gospodarka wodna) jest dzi§ — mniej lub bardziej —
zwigzana z ksztatlceniem (i badaniami) na wydziatach inzynierii srodowiska (dawniej wy-
dziatach melioracji i geodezji w Akademiach Rolniczych, lub wydziatach inzynierii sani-
tarnej politechnik). Zagadnienia gospodarki wodnej, niektore problemy budownictwa rolni-
czego, sa jednak — cho¢ w mniejszym zakresie przedmiotem studiow (i badan) — na
kierunku inZzynieria rolnicza.

Amerykanin, czy Japonczyk, a takze Niemiec, gdy ustyszy od nas — Polakoéw — ze jeste-
$my ,,inzynierem rolnictwa”, bedzie rozumial, ze zakres naszej wiedzy zawodowej, jest taki
jaki obejmuja tytuty wspomnianych wyzej CIGR-owskich podrecznikow. Tak ksztalci sig
studentéow w tych krajach kierunkow, czy specjalnosci ,,inzynieria rolnicza”, cho¢ progra-
my dydaktyczne réznia sig od naszych”.

W wielu krajach wprowadzono do nazwy kierunku studiow (i nazw stowarzyszen inzy-
nieryjnych) okreslenie ,,inzynieria biosystemowa” lub ,jinzynieria biosystemow”**. Ta
formalna koniungacja (,,inzynieria rolnicza i biosystemowa’) oznacza merytorycznie po-
szerzenie zakresu wiedzy przekazywanej studentom oraz zwigkszenie ich kompetencji
zawodowych.

Niestety, te uzasadnione zmiany nazewnictwa komentowane sa jako ,,chwyt marketin-
gowy” lub temu podobnymi ironicznymi uwagami. Zamiarem autora tego artykutu (TJ) nie
jest przytaczanie dyskusji i argumentacji, ktore sktonily inzynierow rolnictwa do dodania
okreslenia ,,inzynieria biosystemow” lub zgota zastapienia okreslenia ,,inzynieria rolnicza”
okresleniem ,,inzynieria biosystemow”. Uczestnictwo w tych dyskusjach pozwala mi jed-
nak stwierdzi¢, ze wprowadzone zmiany sa merytorycznie uzasadnione. Wptyw marketin-

W ramach dziatalnosci CIGR-owskiej powotana zostala grupa robocza, ktorej zadaniem jest
standaryzacji programow ksztalcenia z zakresu inzynierii rolniczej. Przedstawicielem Polski w tej
grupie, jest prof. Edmund Lorencowicz z Uniwersytetu Przyrodniczego w Lublinie. W przesztosci
taka funkcj¢ standaryzacyjna — poprzez migdzynarodowa akredytacje kierunkow studiow — pelni-
to FEANI (Europejskie Stowarzyszenie Organizacji Inzynierskich).

*k , . . . . , . . . . .
Amerykanskie Stowarzyszenie Inzynier6w Rolnictwa nosi obecnie nazwg American Society of

Agricultural and Biological Engineering (ASABE). W USA bardzo wiele dawnych wydzialow
inZynierii rolniczej przeksztatcono w wydziaty ,,Agricultural and Biosystem Engineering”. Po-
dobne zmiany nastegpuja takze w europejskich uniwersytetach.
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gowy tej zmiany jest takze pozytywny, ale tego zaden dziekan uniwersyteckiego wydziatu,
czy przewodniczacy stowarzyszenia inzynierskiego, (nie méwiac o absolwentach studiow
i cztonach stowarzyszen zawodowych i naukowych) wstydzi¢ si¢ nie powinien.

Obok opracowania definicji ,,inzynierii rolniczej” stoi wigc takze przed nami zadanie
opracowania definicji ,,inzynierii biosystemowe;j” (i popularyzacja znaczenia tej definicji).

Zakres produkcji surowcowej 1 przetworstwa surowcow, ktorymi zajmuje si¢ inzynieria
rolnicza, ujmuje si¢ — symbolicznie — skrotem 7F (food, feed, feedstock, fertlizer, fibre,
fuels, fine chemistry). Oprocz surowcoOw zywnosciowych i paszowych lista produktow
obejmuje takze wiele surowcow niezywnosciowych. Sposrod surowcoéw niezywnoscio-
wych, produkowanych w rolnictwie i przetwarzanych w przemysle rolno-spozywczym, lub
innych gatgziach przemystu mozna wymienic:
— drewno budowlane,
— skory zwierzece,
— welng i pierze zwierzat,
— widkna roslinne,
— biomasa na cele energetyczne,
— ziota na cele kosmetyczne i farmaceutyczne

Lista tych surowcow jest, oczywiscie, znacznie bardziej obszerna. Rozpowszechnianie
si¢ w spoteczenstwie proekologicznych pogladéw sprzyja produkcji, tych naturalnych,
odtwarzalnych surowcoéw. Poglady te nie zawsze sg jednak powiazane z przekonaniem, iz
produkcja surowcowa — w tym przypadku surowcow pochodzenia biologicznego — wymaga
obszernej wiedzy zawodowej, gdyz tylko taka gwarantuje produkcje surowcéw o wymaga-
nych — ilosciowo i jakosciowo — parametrach do przetwarzania w systemach produkcji
przemystowej (por. rys. 1 aib)

Swiadomogé, ze inzynierowie rolnictwa — i inzynieria rolnicza jako dyscyplina naukowa
— przyczynita sig¢ w przesztosci do usunigcia widma gltodu w Europie, przyczynia sig obec-
nie do zastgpowania nieodtwarzanych surowcow przemystowych surowcami odtwarzalny-
mi, a w przysztosci moze przyczynic¢ si¢ do zrownowazonego rozwoju spoteczenstw, jest
wciaz niewielka w spoleczenstwie. To powazne nasze — inzynierow rolnictwa - zaniedba-
nie, ze nie rozpowszechniamy szeroko i przekonywujaco naszych osiagnig¢ zawodowych,
tak jak to czynia inzynierowie z innych dyscyplin.

Warto w tym miejscu zwroci¢ uwage, ze utatwienia w wymianie informacji (Internet)
i podrozowania po $§wiecie umozliwiaja wspotczesnie, z jednej strony ksztalcenie inzynie-
row w niemal kazdym miejscu na $wiecie (programy ERASMUS 1 inne programy stypen-
dialne), a z drugiej strony takze mozliwo$¢ poszerzania wiedzy zawodowej (w tym takze
pracownikoéw uniwersyteckich) o pozakrajowe uwarunkowania produkcji i przetworstwa
surowcowego. Szanse te stwarzaja takze stowarzyszenia inzynieryjne, w stopniu znacznie
wigkszym niz miato to miejsce w podzielonej Europie na dwa polityczne obozy jeszcze
¢wier¢ wieku temu.
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Parametry (wiaiciwodci) biopaliwa

* gestosé (gestost objetosciowa)
« zawartos¢ wody
- wartosé opalowa (cieplo spalania)

Rys. la,b. Poglgdowe przedstawienie systemu przetwarzania surowcow pochodzenia biolo-
gicznego w biopaliwa
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Przewidywane kierunki badan

Przewidywanie przysziosci, w tym takze kierunkéw badan naukowych jest zadaniem
o podobnym prawdopodobienstwie pewnosci sukcesu jak przewidywanie pogody. O ile
prognozy krétkookresowe (naukowe i pogodowe) sa w miarg sprawdzalne, o tyle programy
dhugookresowe sprawdzaja si¢ niezbyt czgsto. Nie sposob jednak zaniechaé przewidywania,
gdyz planowanie pracy na przysztos¢ jest konieczno$cia zwiazang z wykonywaniem kazdej
profesji zawodowej (Hotownicki, 2013; International Conference TAE, 2013; Juliszewski,
2011). Autor przedstawi nizej swoje przewidywania, jakie wynikaja z jego aktywnosci
zawodowej od 40 lat, w tym takze ze wspotpracy z krajowymi i migdzynarodowymi orga-
nizacjami naukowymi” i zawodowymi. Easkawy Czytelnik zechce oceni¢ ja z takim samym
przeswiadczeniem, jak ocenia przewidywania pogodowe meteorologow.
Wydaje sig, ze warte jest zwroci¢ uwage na nastgpujace problemy:
1) oszczgdne gospodarowanie woda, jako ograniczajacym czynnikiem w produkcji
surowcOw biologicznych i ich przetworstwie,
2) nowe podejscie do ekonomiki i organizacji pracy w rolnictwie, zwlaszcza w kon-
tekScie jego subwencjonowania,
3) budownictwo rolnicze,
4) rolnictwo ekologiczne, rosliny genetycznie zmodyfikowane,
5) biosurowce do produkcji biopaliw,
6) wielostronne, uzytkowanie (takze pozarolnicze) teren6w gorskich i podgorskich
7) zastosowania elektroniki w rolnictwie (Kaufmann, 2004) i produkcja biopaliw
(Kampa, 2007).

Racjonalna gospodarka wodna jest, przed wszystkim, przedmiotem badan prowadzo-
nych w obecnych wydziatach inzynierii i Srodowiska, przeksztatconych w nieodleglej prze-
szto$ci z wydziatow melioracji i geodezji. W istocie badania takie prowadzone sa, w mniej-
szym lub szerszym zakresie, takze na innych wydzialach uniwersytetow rolniczych
(przyrodniczych), np. wydziatach ogrodniczych (gospodarka wodna w szklarniach), wy-
dziatach rolniczych (deszczowanie i nawadnianie roslin), dawnych wydziatach zootech-
nicznych (pojenie zwierzat, magazynowanie i zagospodarowanie gnojowicy). W zakresie
inzynierii rolniczej prowadzone sg takze liczne badania; zwtaszcza odno$nie konstrukcji,
budowy i eksploatacji urzadzen w produkcji surowcowej i urzadzen do deszczowania.

Problem racjonalnego gospodarowania woda wynika badz z jej niedoboru (susza) badz
z jej nadmiaru (erozja wodna podczas gwaltownych opadow). W przetworstwie rolno-
spozywczym woda ulega roznego rodzaju zanieczyszczeniom, ktore technicznymi, che-
micznymi i biologicznymi metodami, musza by¢ utylizowane. Z przegladu materialow
konferencyjnych dwoch minionych Kongresow CIGR (Proceedings...Bonn 2006 r., Proce-
edings...Quebek 2010 r.) jednoznacznie wynika, Ze racjonalne (oszczgdne) gospodarowa-
nie woda, to nie tylko problem krajow Afryki, czy Azji, ale takze krajow Europy, w tym tez
Polski. Inzynieria rolnicza moze wnie$§¢ w tym zakresie, tj. racjonalnego gospodarowania

Autor byt Prezydentem CIOSTA Commission International de I’Scientifique du Travail en Agri-
culture — Migdzynarodowa Komisja ds. Naukowej Organizacji Pracy w Rolnictwie — w latach
1999-2001, oraz Przewodniczacym V Sekcji Technicznej CIGR (Management, Ergonomics and
Systems Engineering).

242



Inzynieria Rolnicza z perspektywy CIGR

woda w produkcji surowcowej i przetworstwie, wiele nowego, nie tylko w sensie nauko-
wym, ale i utylitarnym — por. takze Fuhrer et. al., 2013.

Ekonomika i organizacja pracy w europejskim rolnictwie okreslana jest w duzym stop-
niu systemem dotacji (subwencjonowania) (Moriz, 2007; Betriebsplannung...2004/2005;
Rossier, 2004). Dominuje system subwencjonowania zwiazany z powierzchnig uprawy
danej rosliny (domyslnie: powierzchni¢ gospodarstwa). System ten jest kwestionowany,
jako mato stymulujacy postgp w rolnictwie. Alternatywne systemy subwencjonowania
opracowano w Szwajcarii i Austrii, jednak ich wdrozenie napotkato na op6r wpltywowych
grup wielkoobszarowych posiadaczy ziemskich, dla ktorych doptaty obszarowe sa zrodiem
duzych dochodow (niezaleznie od wielkosci produkcji). W Szwajcarii, ktora nie nalezy do
Unii Europejskiej, wprowadzono alternatywny system dotowania, ktory wiaze wielko$é
dotacji z naktadami czasu pracy na dang technologi¢ uprawy rosliny (oraz z warunkami
glebowo-klimatycznymi). W ogdlnym zarysie system dotacji polega na przekazywaniu
wiascicielowi takiej kwoty (dotacji), ktora odpowiada ,,normatywnej” ilosci godzin pracy
przeznaczanej na dang technologie produkcji (uprawy). Rolnik, ktory zuzyje mniej czasu
osiaga, oczywiscie, wigkszy zysk niz gospodarz, ktory zuzywa ,,normatywny” czas na pro-
dukcje, lub zuzywa go wigcej. System taki implikuje postgp (zachgca do unowoczesniania
produkcji, zwigkszania wydajnosci pracy), a jednocze$nie pozwala zachowaé parytet do-
chodéw za 1 godzing pracy w rolnictwie i przemysle.

Standardy (normatywy) czasu pracy zastosowane w Szwajcarii (i zaakceptowane tam
przez rolnikow), a takze opracowane (cho¢ nie wykorzystywane, jak dotad) w Austrii
i Niemczech sa wynikiem pracy inzynieré6w rolnictwa. Wydaje sig, ze obecne dyskusje
wokot racjonalizacji polityki agrarnej w Europie spowoduja, ze wzory subwencjonowania
rolnictwa ze Szwajcarii przenoszone bgda takze do innych krajow.

Budownictwo rolnicze to chyba jedna z bardziej zaniedbanych dziedzin w naszym kra-
ju. Zaniedbania te, widoczne gotym okiem, dotycza przestrzennych planéw zabudowy,
dostosowania zabudowy do krajobrazu miejsca tej zabudowy oraz komunikacji drogowej
(drég dojazdowych do pdl i drog pomigdzy polami). Porownanie wiejskiego budownictwa
w Austrii, Szwajcarii czy Niemczech — nie tylko mieszkalnego ale i inwentarskiego, czy
magazynowego — z chaotycznym, czgsto nieracjonalnym, budownictwem w naszym kraju
jednoznacznie wskazuje na potrzebg podjecia wyzwan przez inzynierow rolnictwa w tym
zakresie (Mann, 2011; Schiippbach, 2009; Heinrich, 2006; Lauber, 2006). Dodajmy do
tego takze potrzebg modernizacji utwardzenia i zmiany przebiegu drég polnych, odnowie-
nie rowéw do oprowadzania wody”, by podkresli¢ skale potrzeb budowlanych. Nb. budow-
nictwo drogowe, tj. budowa autostrad, drog szybkiego ruchu itp., finansowane czgsciowo
z funduszy unijnych, niemal w ogole nie obejmuje budowy i modernizacji drég dojazdo-
wych do pdl. Poruszanie si¢ po tych nieutwardzonych, zbyt waskich, drogach utrudnia lub
niekiedy uniemozliwia, przemieszanie si¢ wielkogabarytowych maszyn i pojazdoéw a takze
transport materiatowy.

Rolnictwo ekologiczne (Ferjani, 2010) wciaz wymaga opracowywania nowych maszyn
i technologii by jego wydajno$¢ (w produkcji rolniczej, sadowniczej, warzywniczej czy
zwierzecej) mogla konkurowaé z wydajnoscia technologii, rolnictwa konwencjonalnego

Jednym z oryginalnych rozwiazan inZzynierii rolniczej jest w tym zakresie projekt maszyny
do oczyszczania rowow melioracyjnych zaprojektowanej w Przemystowym Instytucie Maszyn
Rolniczych w Poznaniu (Szczepaniak, 2012).
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(tradycyjnego). Wyniki badan, krajowe i zagraniczne, jednoznacznie wykazuja, ze ekolo-
giczne metody produkcji rolniczej sa mniej wydajne (mniejsze plony roslin), czego wyni-
kiem sa wyzsze ceny rynkowe produktow uzyskiwanych tymi metodami. Jednak tylko tak
dtugo, jak konsumenci beda akceptowac wyzsze ceny produktéow ekologicznych, ta metoda
produkcji bedzie mogta by¢ stosowana. Poniewaz, ze wzgledow dietetycznych, srodowi-
skowych i energetycznych, metody rolnictwa ekologicznego sa warte dalszego rozwoju,
zaangazowanie inzynierii rolniczej powinno by¢ w tym zakresie wigksze niz do tej pory.

Stoimy takze przed wciaz aktualnym problemem rozszerzania powierzchni upraw roslin
genetycznie zmodyfikowanych (Niemirowicz-Szczytt, 2010; Bigler, 2008; Sanvido, 2006).
Wiyniki starcia producentéw nasion roslin genetycznie zmodyfikowanych i przeciwnikow
uprawy tych roslin sa jeszcze nierozstrzygnigte. Doniesienia naukowe wykazuja bowiem
zarowno negatywne jak i pozytywne aspekty uprawy tych roslin, lecz bilans ostateczny
zyskow 1 strat — zwlaszcza w bardziej ogolnym, srodowiskowym, ujeciu nie moze byé
wciaz jednoznacznie ustalony. Wydaje sig, ze duzym osiagnigciem inzynierii rolniczej
mogtoby by¢ opracowanie metod i urzadzen, ktore pozwalatyby szybko (i tanio) rozrézniaé
produkty (roslinne i zwierzgce) uzyskiwane z organizméw genetycznie zmodyfikowanych
i niezmodyfikowanych. Wykorzystanie takich metod i urzadzen w dziataniach instytucji
kontrolnych, ale i takze przez konsumentow, znalaztoby szerokie zastosowanie.

Uzytki rolne (taki, pastwiska a niekiedy i pola uprawne) w warunkach podgorskich
1 gorskich wykorzystywane sg coraz czg$ciej, oprocz produkeji rolniczej, takze do prowa-
dzenia dziatalnosci rekreacyjnej i turystycznej. Typowym przykladem takiego wykorzysta-
nia moze by¢ tu zimowe, nasniezanie stokow i ich narciarskie uzytkowanie. Do tego do-
chodzi montaz i eksploatacji wyciagdw narciarskich, budowa parkingéw i zaplecza
gastronomicznego. Konstrukcja i eksploatacja specyficznych maszyn i pojazdow do me-
chanizacji prac rolniczych w warunkach gorskich poszerzona jest wigc o grupy urzadzen
(1 budynkow), jakie dotychczas rolnicy nie wykorzystywali (jako zrodta swej dochodowej
dziatalnosci), a ktorych oczekuja od inzynierow rolnictwa — w ogdlnym zakresie kompe-
tencji zawodowych tej grupy fachowcow.

Podsumowanie

Inzynieria rolnicza, tak jak definiujemy ten zakres wiedzy naukowej i zawodowej, nieco
rozni si¢ w Polsce od rozumienia tego zakresu w wielu krajach. Oprocz wykazania tych
roznic, warto by takze wykazywac podobienstwa i zachodzenie na siebie znaczenia takich
poje¢ jak: inzynieria rolnicza, inzynieria produkcji, inzynieria biosystemow, czy inzynieria
biosurowcowa. Chodzi tu nie tylko o definiowanie dla potrzeb wyjasnienia znaczenia po-
szczegolnych poje¢ zar6wno w samym Ssrodowisku inzynieryjnym, jak i spoteczenstwie, ale
takze podkreslania kompetencji zawodowych, jakie moga uzyskaé¢ studenci tych kierunkéw
(specjalnosci), a w efekcie, jakie ma obecnie liczne grupa tych absolwentow w naszym kraju.

W czasach, gdy przydatno$¢ wiedzy mierzy si¢ bardziej jej praktycznymi zastosowa-
niami, niz jej posiadaniem, inzynieria rolnicza musi podejmowa¢ wcigz nowe wyzwania
aby uzasadnia¢ swa spoteczna przydatnosé. Sledzenia kierunkéw podejmowanych badan na
$wiecie i wskazywanie potrzeby ich podjgcia w kraju, jest migdzy innymi powinno$cig
krajowych i migdzynarodowych stowarzyszen inzynieryjnych. WskazaliSmy w powyzszym
przegladzie jakie to powinny by¢ kierunki.
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Wprowadzenie

Kolejny raz, tym razem na prosbeg calego srodowiska inzynierii rolniczej we Polsce, po-
dejmuj¢ problem domeny i przynalezno$ci inzynierii rolniczej w strukturze nauki. Problem
powyzszy byt przedmiotem rozwazan, zarowno moich jak i innych przedstawicieli z roz-
nych o$rodkéw w Polsce. Pozornie przynaleznos$¢ do takiej lub innej dziedziny nauki moze
wydawac si¢ malo istotna. Zwazywszy jednak, ze postgp nauki w kazdej dyscyplinie zalezy
od obiektywnych kryteridow jej oceny, to tylko wlasciwa klasyfikacja moze gwarantowac
optymalny dobdr recenzentdow, a tym samym publikowanie poprawnych z punktu widzenia
epistemologicznego wynikow badan. W niniejszym rozwazaniu poming semantyczne
aspekty kwalifikacji nauki, gdyz byly one juz wielokrotnie rozwazane, takze w moich pra-
cach (Michalek, 2008; 2010). Jednak dla zachowania pelnego i jasnego obrazu podjetego
problemu, niektére znane juz fakty jestem zmuszony powtdrzy¢ dla zachowania obiektyw-
nej oceny prezentowanego stanowiska z przytoczonych wzgledow celem niniejszego arty-
kutu, ktory byl przedmiotem wystapienia na Zimowej Szkole Naukowej w Zakopanem
(5 luty 2014r.) jest miejsce i zakres inzynierii rolniczej w nauce, jej ocena wg przyjetych
parametrow jakosciowych a takze perspektywa jej rozwoju w blizszej i dalszej perspekty-
wie, na co zreszta wskazuje tytut pracy. Rangg problemu docenili organizatorzy cytowane;j
juz Szkoly Zimowej w Zakopanem, gdyz przeznaczono na jego rozwazanie oddzielng sesje
naukowa, w trakcie ktorej zaprezentowano jeszcze dwa dodatkowe referaty. Przedstawili
je: Tadeusz Juliszewski — prezes CIGR ,,Inzynieria Rolnicza z perspektywy CIGR” oraz
Maciej Kubon — sekretarz wydawnictwa ,,Agricultural Engineering” ,,Co dalej z wydawnic-
twami KTR PAN”. Po trzech wystapieniach odbyta si¢ bogata dyskusja, z udziatem nie
tylko przedstawicieli inzynierii rolniczej, ale takze innych dyscyplin naukowych, w tym
ogrodnictwa (rektor UR Krakéw Prof. Wlodzimierz Sady) a takze nauk teologicznych (Ks.
Prof. Stanistaw Rabiej). W wyniku przeprowadzonej dyskusji podjeto uchwate dotyczaca
miejsca inzynierii rolniczej w strukturze nauki polskiej. Stanowi ona zalacznik do niniej-
szego artykuhu.

Inzynieria rolnicza w strukturze nauki

Z pewnym uproszczeniem strukturg nauki mozna przedstawi¢ jako system hierarchicz-
ny, w ktérym wyrazone sa wzajemne relacje, powszechnie uzywanych poje¢ semantycz-
nych (Powierza, 2003). Schemat takiego systemu przedstawia rys. 1. Najwyzsza lokate
w systemie zajmuje dziedzina nauki.
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Do niedawna brak bylo definicji dziedziny jako czg-
sci struktury nauki. Wg Encyklopedii pojecie to odnosito
si¢ do obszaru w matematyce, badz tez starodawnej
nazwy wsi (Encyklopedia, 2011). W najnowszym wyda-
niu encyklopedii dziedzina nauki to trwate uksztattowa-
na i wyodregbniona grupa dyscyplin naukowych w ra-
mach, ktoérej nadawane sa stopnie i tytuly naukowe.
Z przytoczonej definicji wynika, ze dziedzing w nauce
tworza dyscypliny. Przytocze trzy definicje dyscypliny.
Encyklopedyczna (Encyklopedia, 2011) oznacza: ,,czg$¢
dziedziny nauki, spolecznie zorganizowana dziatalnosc¢
badawcza nastawiona na tworzenie informacji w oparciu
o studia i badania oraz stosowania rezultatow tej dziatal-
nosci w praktyce”. Wg L. Krzyzanowskiego (1994)
,dyscyplina nauki to usystematyzowany ze wzgledu na
przedmiot i cele procesu poznania oraz spoleczne zna-
czenie jego rezultatow zbidr uksztattowanych i wyod-
rebnionych czgsci zasobu wiedzy o rzeczywistosci.

Matematyczng formule dyscypliny przedstawit
w swojej monografii prof. Leszek Powierza (2003):

DN=<D, [, P, R, W>

gdzie:
DN - dyscyplina nauki,
D —domena,
I —jezyk,
P —zbidr praw,
R —zbidr regut,

W — wiedza

Z przedstawionych parametréw wzoru wyjasnienia
wymagaja jezyk i domena.

Jezyk dyscypliny definiuje On jako ,,zbiér celowo
dobranych, przedmiotowo zorientowanych elementow
powiazanych zbiorem relacji a zatem pewnym systemem
funkcjonalnym, spetniajacym funkcje narzedziowe czyli
pewne instrumentarium danej dyscypliny. Elementami
tego systemu sa terminy zaczerpnig¢te z jezyka infra-

struktury danej dyscypliny, uzupelione terminami utworzonymi w jej ramach.

Mozna to wyrazi¢ formuta:

gdzie:
TN - zbidr terminéw danej dyscypliny,

TI

TN = {TI+ TD}

— zbidr terminéw przyjetych z infrastruktury,

TD - zbidr terminéw wiasnych dyscypliny.
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Poprawne rozumienie jgzyka dyscypliny i jego struktury ma szczegolne znaczenie przy
ocenie merytorycznej prac naukowych.
Drugim pojqciem z formuty matematycznej dyscypliny nauki jest domena.
H1storyczne ujecie domeny inzynierii rolniczej przedstawia sig¢ nastgpujaco:
Mechanizacja produkcji roslmneJ
— Mechanizacja produkcji zwierzecej
— Mechanizacja produkcji ogrodniczej
— Inzynieria przemystu spozywczego
— Organizacja i zarzadzanie w inzynierii rolniczej
— Energetyka rolnicza
— Elektryfikacja i automatyka w rolnictwie
— Agrofizyka
— Transport w rolnictwie
— Budownictwo rolnicze
— Suszarnictwo ptodow rolnych
— Mechanizacja rolnictwa w terenach gorskich
— Modelowanie procesow produkcyjnych w rolnictwie
— Techniczna infrastruktura rolnictwa i jego otoczenia

Rozwinigciem tego zestawienia sg kolejne, historyczne etapy rozwoju wspolczesnej in-
zynierii: maszynoznawstwo rolnicze — mechanizacja rolnictwa — technika rolnicza — inzy-
nieria rolnicza. Taki uktad jest moim autorstwem i przedstawitem go w licznych pracach
(Michatek, 2003; 2006a; 2007; 2010a,b). W wielu wspotczesnych opracowaniach autorzy
unikaja jak ognia przymiotnika rolniczy. Odnosi si¢ to nie tylko do klasyfikacji nauki, ale
takze terminologii zwigzanej z nazwami zespolow, zakladow, instytutow a nawet uczelni.
Dali$my temu wyraz w opracowaniu zbiorowym (Haman i in., 2012) stad tez pojgcie inzy-
nieria rolnicza zastgpuje si¢ agroinzynieria lub bioinzynieria systemow, zwlaszcza to drugie
jest szczegodlnie preferowane przez przeciwnikow rolnictwa, bo kojarzy si¢ z biologia a ta
staje sig¢ coraz bardziej atrakcyjna. To nic, ze bioinzynieria jest znacznie zawgzona w sto-
sunku do agroinzynierii, gdyz ta oznacza cato$¢ problematyki rolniczej w powiazaniu
z inzynieria. Poszukujac dalszych przeksztalcen inzynierii rolniczej w gre wchodzi takze
potaczenie trzech obszarow badawczych: agronomii, mechaniki i elektroniki i utworzenie
perspektywicznej dyscypliny o nazwie agromechatronika. Nie sadzg aby to byta odlegta
perspektywa.

Na zakonczenie dotychczasowych rozwazan odnosnie miejsca inzynierii rolniczej
w strukturze nauki to wypowiadam si¢ za obowiazujaca aktualnie klasyfikacja ustanowionag
zarzadzeniem Ministra Nauki i Szkolnictwa Wyzszego z 8 sierpnia 2011 roku (Dz. U. 2011
Nr 179, poz. 1065) w ktorej jest trojcztonowy podzial nauki na: obszary, dziedziny i dyscy-
pliny. Inzynieria rolnicza zostata zakwalifikowana do obszaru nauk rolniczych, lesnych
i weterynaryjnych i dziedziny nauk rolniczych. Szczegotowo jej miejsce przedstawia rys. 2,
na ktérym zaznaczono jej miejsce w naukach rolniczych i powiazanie z wszystkimi jej
dyscyplinami a dodatkowe istniejace styki z niektorymi dyscyplinami nauk technicznych
i ekonomicznych.
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Rysunek 2. Miejsce inzynierii rolniczej w strukturze nauki

Zasadniczym kryterium takiej klasyfikacji sa wzgledy merytoryczne przedstawione
w definicji Krzyzanowskiego (1994). Sposrod nich na plan pierwszy wytania si¢ przedmiot
badan. Czgsto metody sa zblizone lub identyczne, jak w naukach technicznych czy ekono-
micznych a nawet $cistych, jednak decydujace znaczenie winien mie¢ ze wzglgdu na pro-
blem badawczy przedmiot badan. Uwazam réwnoczesnie, ze przy nadawaniu stopni nau-
kowych, dziedzina nauki nie ma istotnego znaczenia i wystarczylaby tylko dyscyplina
nauki. Takie stanowisko przedstawitem wielokrotnie (Michatek 2008, 2010; Haman i in.,
2012). Rownoczesnie nie widzg przeciwwskazan, aby inzynieria rolnicza mogla wystepo-
wac, jak wiele innych dyscyplin, w dwoch dziedzinach tj. w naukach rolniczych i technicz-
nych. Istnieje wiele specjalnosci naukowych w jej domenie, ktore sa blizsze naukom tech-
nicznym jak np. automatyka, informatyka, elektronika itd. Zapewne te specjalno$ci
naukowe bylyby poprawniej oceniane przez specjalistow nauk technicznych. Jednak zde-
cydowanie wypowiadam si¢ za administracyjnym przenoszeniem dyscypliny i zmianom
stopni naukowych juz wczesniej nadanych. Jest to metoda obchodzenia przepisoéw na skroty.

Inzynieria rolnicza jako przedmiot ksztalcenia

Toczaca sig w calej nauce dyskusja na temat miejsca i zakresu dyscyplin naukowych
wynika w duzej mierze z narastajacego nizu demograficznego w Polsce 1 malejacego nabo-
ru kandydatoéw na studia. Tym bardziej jest to widoczne przy ogromnym rozroscie struktury
szkolnictwa wyzszego, poprzez sie¢ wyzszych szkot prywatnych. Procesem narastajacego
nizu demograficznego w duzym stopniu dotknigte zostaly kierunki ksztatcenia rolniczego,
bo jak wczesniej juz wykazatem przymiotnik rolniczy stat si¢ nieatrakcyjnym. Jest to m. in.
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konsekwencja rozrostu inzynierii rolniczej, ktora spowodowala silny wzrost wydajnosci
pracy w rolnictwie a tym samym malejace zapotrzebowanie na sitg robocza. Temu proce-
sowi towarzyszy malejacy udziat produkcji rolniczej w PKB (Raport..., 2012) jak rowniez
obnizone potrzeby na kadry inzynieryjne w catym kompleksie rolnictwa i gospodarki zyw-
nosciowej. Profesor Wilkin w ww. raporcie stwierdza”... Udziat rolnictwa w PKB zmniej-
sza si¢ 1 wynosi obecnie okoto 3%. Maleje tez jego udzial w zasobach produkcyjnych kraju.
Nie oznacza to, ze rolnictwo jest niewazne czy mato wazne. Jest to nadal jeden z kluczo-
wych dziatéw gospodarki, zwiazany z dostarczaniem dobra podstawowego, jakim jest
zywno$¢, a takze z dostarczaniem wielu dobr i ustug bardzo waznych dla spoteczenstwa,
w tym doébr publicznych”. Inzynieria rolnicza, w jej poprzednich postaciach towarzyszyta
zawsze programom ksztalcenia akademickiego na wszystkich kierunkach rolniczych po-
czawszy od Studium Rolniczego Uniwersytetu Jagiellonskiego w Krakowie, uruchomio-
nym w r. 1890 (Michatek, 2006Db).

Wraz z rozwojem wyzszego szkolnictwa rolniczego procentowy udziat przedmiotow
inzynierskich stopniowo wzrastal, co wynikato z procesu technicznej rekonstrukcji rolnic-
twa. Proces ten trwat do poczatku lat siedemdziesiatych XX w a wigc do momentu uru-
chomienia we wszystkich uczelniach rolniczych w Polsce samodzielnego kierunku o obec-
nej nazwie: Technika Rolnicza i Le$na. Kierunek ten, pomimo stabej obsadzie kadry
naukowej, cieszyl si¢ rosnacym zainteresowaniem ze strony Kandydatow na studentow.
Rownoczesnie uruchamiany samodzielny kierunek z inzynierii rolniczej spowodowat eli-
minacje¢ przedmiotow inzynieryjnych z pozostatych kierunkow rolniczych, w szczegdlnosci
rolnictwa, ogrodnictwa i zootechniki. W efekcie wspotczesni absolwenci tych kierunkow
nie maja zadnego przygotowania do pracy w uzbrojonym technicznie rolnictwie. Te prze-
ksztatcenia w modernizacji planéw i programow nauczania uznajemy za najwigksza sta-
bos¢ w rozwoju inzynierii rolniczej w Polsce. Rownolegle do pozostatych kierunkow stu-
diow spadto takze wyraznie zainteresowanie samodzielnym kierunkiem Techniki Rolniczej
i Lesnej i to w momencie, gdzie we wszystkich osrodkach nastapit silny wzrost kadry nau-
kowej. Dla pelnego jej wykorzystania dydaktycznego, uruchomiono réwnolegle drugi kie-
runek studidw o nazwie: Zarzadzanie i Inzynieria Produkcji. Cieszy si¢ on znacznie wigk-
szym zainteresowaniem w poroéwnaniu z Technika Rolnicza i Le$ng, ale ma silng
konkurencj¢ ze strony uczelni technicznych i ekonomicznych, bowiem w samej nazwie
zawiera dwie dyscypliny nalezace do tamtych dziedzin nauki.

W ostatnich latach pod wplywem narastajacych potrzeb energetycznych w $wiecie
w tym i w Polsce, nastapilo zainteresowanie odnawialnymi zrodtami energii. Proces ten jest
takze obawa przed skutkami ekologicznymi w nadmiernym zuzyciu zrodet kopalnianych.
Idac za potrzebami gospodarki, uruchomiono kolejny nowy kierunek studiow z zakresu
inzynierii rolniczej a mianowicie ,,Odnawialne zrédta energii i gospodarka odpadami”.
Dotychczasowe obserwacje wskazuja na pozytywne przyjecie tego kierunku, zaréwno
przez studentow jak i przedstawicieli gospodarki narodowe;.

Podsumowanie i wnioski

We wszystkich strukturach nauki w Polsce i §wiecie trwa dyskusja nad jej przyszto$cia
W powiazaniu z rozwojem szkolnictwa wyzszego. Przedstawiony artykul dotyczy sytuacji
w inzynierii rolniczej. Jest to dyscyplina stosunkowo mioda w strukturze nauk rolniczych
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ale zarazem stanowigca $rodowisko silnie zintegrowane i ciagle wprowadzajaca nowe ele-
menty w procesie unowoczesniania procesu nauczania. Stale nurtujacym nas problemem
jest miejsce inzynierii w strukturze nauki w Polsce na tle porownan migdzynarodowych jak
rowniez jej przyszios¢ w procesie ksztatcenia akademickiego. Przedstawiona w pracy ana-
liza, takze w ujgciu historycznym wykazata, ze ze wzglgdu na przedmiot badan inzynieria
rolnicza winna wchodzi¢ w strukturg dziedziny nauk rolniczych, co nie stanowi przeszkody
aby byta rownoczesnie dyscypling w obrgbie nauk technicznych. Ukazujac rozwdj inzynie-
rii rolniczej organizatorzy szkoly naukowej dokonali wymiany pogladéw na temat jej miej-
sca w strukturze nauki, ktora jednoznacznie wskazywala jej powiazania z naukami rolni-
czymi.

Litaratura

Encyklopedia Powszechna. (2011). Panstwowe Wydawnictwo Naukowe, Warszawa

Haman J., Hotownicki R., Michatek R., Zmija J. (2012). Misja nauk rolniczych w rozwoju polskiego
sektora rolno-spozywczego. Inzynieria Rolnicza, 4(139), 465-483.

Krzyzanowski L.J. (1994). O podstawach kierowania organizacjami. Wydawnictwo Naukowe PWN,
Warszawa, wyd. 2 poprawione.

Michatek, R. (2003). Miejsce i zakres inzynierii rolniczej w strukturze nauki polskiej. Inzynieria
Rolnicza, 3(45), 7-14.

Michatek, R. (2006a). Pozycja inzynierii rolniczej w strukturze nauki polskiej. InzZynieria Rolnicza,
11(86), 15-22.

Michatek, R. (2006b). Powr6t na uniwersytet. Inzynieria Rolnicza, 11(86), 31-38.

Michatek R., Kowalski J. (2007). Od techniki do agroinzynierii. Monografia. PTIR. Krakow. ISBN
83-917053-4-X.

Michatek, R. (2008). Gtos w sprawie klasyfikacji nauki. Nauka, 3, 155-159.

Michatek R. 2010a. Przyszto§¢ inzynierii rolniczej na tle projektowanych zmian w nauce i szkolnic-
twie wyzszym. Inzynieria Rolnicza, 4(122), 7-13.

Michatek, R. (2010b). Domena i miejsce inzynierii rolniczej w strukturze nauki. /nzynieria Rolnicza,
2(120), 7-11.

Powierza L 2003. Semantyczne aspekty terminologii. InZynieria systemow Biologicznych, 2, 2-3.

Raport Polska Wies 2012. (2012). Fundacj¢ na rzecz Rozwoju Polskiego Rolnictwa. FDPA. ISBN
978-83-7383-572-6.



Co dalej z wydawnictwami KTR PAN

Rudolf Michatek®, Maciej Kubon”

“Czl. Rzecz. PAN; Redaktor Naczelny czasopisma ,, Agricultural Engineering”
bInstytut Inzynierii Rolniczej i Informatyki, Uniwersytet Rolniczy w Krakowie
Sekretarz czasopisma ,, Agricultural Engineering”

Wprowadzenie

Kazdy naukowiec ma swoje wyobrazenie i wlasna ocen¢ znaczenia czy rangi czasopism
ze swojej dziedziny, zarowno w skali krajowej, jak i migdzynarodowej. Sa czasopisma
wybitne, prestizowe 1 wplywowe w skali Swiatowej, sa czasopisma dobre, a nawet bardzo
dobre w skali krajowej, a niedostrzegane w skali mi¢dzynarodowej, sa tez czasopisma
przecigtne i mierne nie tylko w skali krajowej, ale nawet lokalnej (uczelni czy osrodka
naukowego). Mozna przyjaé, ze wszystkie one spehniajg jakie$ pozyteczne funkcje, jesli
kto$ chce je finansowa¢, upowszechniaé i zamieszczaé w nich artykuty'.

Rozwoj nauki jest nierozerwalnie zwigzany z przekazywaniem jej wynikow uczonym
zainteresowanym danym zagadnieniem, a takze z ich rozpowszechnianiem jak najszerszej
spotecznosci. Szybkos¢ przekazania informacji jest szczeg6élnie wazna w naukach przyrod-
niczych i dlatego w tym przypadku wzrasta rola czasopism jako miejsca publikacji najnow-
szych danych. Stworzenie czasopism elektronicznych jeszcze bardziej skrocito droge mig-
dzy nadawca a odbiorca, gdyz w przypadku zamieszczania artykulow w elektronicznych
wersjach czasopism (coraz cze¢sciej istniejacych tylko w wersji elektronicznej) eliminuje si¢
czas druku oraz przestania kazdego numeru do prenumeratora. Nawet pobiezne przejrzenie
bibliografii zatagcznikowych dotaczanych do artykuldow ukazuje stale rosnaca pozycje cza-
sopisma, jako $rodka komunikacji naukowe;jZ.

Rosngca z roku na rok liczba tytuldéw czasopism zmusza do wszechstronnych ocen
i weryfikacji jakosci wydawnictw. Oceny takie staly si¢ bardzo wazne dla réoznych grup
uzytkownikow, ktorzy ze wzgledu na duza liczbe tytutdéw musza dokonaé koniecznej selek-
cji. Rankingi czasopism, oparte na roznych metodach oceny wykorzystywane sg do ré6znych
celow. Zainteresowani chca wiedzie¢, co warto przejrzec, aby sledzi¢ na biezaco informa-
cje o badaniach znajdujacych si¢ w obszarze ich zainteresowan. Z drugiej strony wazne jest
gdzie publikowac rezultaty swej pracy, aby dotarty do jak najszerszego grona osob zajmu-

jacych sie dana tematyka34.

Wilkin J. (2013). Ocena parametryczna czasopism naukowych w Polsce — podstawy metodolo-
giczne, znaczenie praktyczne, trudnosci realizacji i perspektywy. Nauka, 1, 45-54.

Stefaniak, B. (1987). Use of bibliographic data bases for scientometrics studies. Scientometrics.
Nol2, 149-161.

Drabek, A. (2001). Bibliometryczna analiza czasopism naukowych w dziedzinie nauk spolecz-
nych. Praca doktorska. Uniwersytet Slaski. Maszynopis.
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Zmianie ulega takze forma komunikowania si¢ na plaszczyznie material zrodtowy-
czytelnik. Uzytkownik indywidualny stat si¢ bardziej anonimowy niz dotychczas. Jest to
wynik rozwoju nowych kanatéw informacyjnych poszerzajacych dotychczasowe formy
kontaktu z odbiorca. Bezposredni kontakt z uzytkownikiem coraz czgsciej ustgpuje miejsca
posrednim sposobom komunikacji. Wspolczesny uzytkownik przewaznie oczekuje jedynie
wskazowki, aby dalej samodzielnie kontynuowac poszukiwania. Taka informacyjng wska-
zOwka jest strona internetowa, informatory o bibliotece, bazach danych czy tez ulotki re-
klamujace poszczegodlne rodzaje ustug w bibliotece. Najwazniejsza zmiana w informacji
naukowej widoczna na przyktadzie wszystkich rodzajow informacji jest pojawienie si¢
zasobow elektronicznych. Przetamaly one bariery dostgpnosci do $wiatowych osiagnigé
nauki, zmodernizowaly warsztat pracy bibliotekarzy oraz skrocily czas oczekiwania na
informacje.

Czasopisma wydawane pod patronatem Komitetu Techniki Rolniczej
PAN

Waznym aspektem umozliwiajacym rozwoj kadry i jej awanse naukowe jest stworzenie
powszechnego dostgpu do publikacji w renomowanych czasopismach naukowych Polskiej
Akademii Nauk.

Komitet Techniki Rolniczej PAN (KTR PAN) wspdlnie z Polskim Towarzystwem In-
zynierii Rolniczej (PTIR) wydajq trzy periodyki: ,,Inzynieria Rolnicza”, ,,Problemy Inzy-
nierii Rolniczej” oraz biuletyn popularyzujacy wyniki badan aplikacyjnych — ,,Nauka Prak-
tyce Rolniczej”. Dwa pierwsze sg to czasopisma $cisle naukowe, w ktdrych publikowane sa
wylacznie recenzowane prace, natomiast trzeci zawiera prace popularno-naukowe. Nalezy
tutaj podkresli¢, iz dwa pierwsze czasopisma stanowia jedng z podstawowych pozycji pu-
blikatorskich w dorobku naukowym pracownikow w dyscyplinie inzynieria rolnicza.

Powotana przez Komitet Techniki Rolniczej PAN Rada Programowa, czuwa nad po-
ziomem merytorycznym publikowanych materiatow. Wsktad niej wchodza:

Prof. dr hab. Janusz Haman — czt. rzecz. PAN; Prof. dr hab. Rudolf Michatek — czt.
rzecz. PAN; Prof. dr hab. Malgorzata Bzowska-Bakalarz; Prof. dr hab. Jan Bronistaw Da-
widowski; Prof. dr hab. Jozef Szlachta; Prof. dr hab. Jerzy Weres; Prof. dr hab. Zdzistaw
Wojcicki; Prof. Radomir Adamovsky (Rep. Czeska); Prof. Stefan Cenkowski (Kanada);
Doc. Ing. Jan Franc¢ak, CSc. (Stowacja); Doc. Ing. Zuzana Hlavacova, CSc. (Stowacja);
Prof. Jirgen Hahn (Niemcy); Prof. Dorota Haman (USA); Prof. Gerard Wiliam Isaacs
(USA) — czt. zagr. PAN;

Prof. Vladimir Kosotapov (Rosja); Prof. Piotr Savinykh (Rosja) oraz prof. Oleg Sidor-
czuk (Ukraina).

Zaréwno Rada Programowa jak i poszczegdlne Komitety Redakcyjne czasopism reali-
zuja wspolne zasady wydawnicze ustalone przez Prezydium i byty Wydzial V PAN (obec-

Michatek, R. (2007). Problemy wydawnicze inzynierii rolniczej. Inzynieria Rolnicza, 9(97), 7-12.
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nie II Wydzial). Czuwajq takze nad poziomem naukowym oraz zakresem merytorycznym
publikowanych artykutow?.

Kryteria i wymogi redakcyjne, opracowane i przyjete przez Radg¢ Programowa sg za-
mieszczone na stronach wydawnictw naukowych (http://ir.ptir.org; http://www.itp.edu.pl).

O przyjeciu do druku decyduje wstepna kwalifikacja przeprowadzana przez redaktorow
tematycznych oraz pozytywna recenzja wykonana przez dwoch niezaleznych specjalistow
z danej branzy. Aktualnie funkcj¢ redaktorow tematycznych pehnia:

— prof. dr hab. Aleksander Szeptycki (ITP Falenty) — inzynieria produkcji roslinne;j;

— prof. dr hab. Marian Wiercioch (UP Wroctaw) — inzynieria produkcji zwierzgcej;

— prof. dr hab. Kazimierz Rutkowski (UR Krakéw) — inzynieria produkcji ogrodniczej;

— prof. dr hab. Marek Tukiendorf (PO Opole) — inzynieria przetworstwa rolno-

SpOZywczego;

— prof. dr hab. Stawomir Kurpaska (UR Krakéw) — ekoenergetyka;

— prof. dr hab. Kazimierz Dreszer (UP Lublin) — maszyny i urzadzenia rolnicze;

— prof. dr hab. Stanistaw Peron (UP Wroctaw) — suszarnictwo i przechowalnictwo;

— prof. dr hab. Jozef Kowalski (UR Krakoéw) — ekonomika i organizacja produkcji i go-
spodarstw rolnych;

— prof. dr hab. Bogustaw Cieslikowski (UR Krakow) — budowa i eksploatacja pojazdow
rolniczych;

— prof. dr hab. Jerzy Dabkowski (PK Krakow) — informatyka w inzynierii rolniczej;

— prof. dr hab. Tadeusz Juliszewski (UR Krakoéw) — ergonomia w rolnictwie.

Redaktorem je¢zyka polskiego jest mgr Mirostaw Grzegorzek, jezyka angielskiego — dr
Rafat Serafin a redaktorem statystycznym — dr Stanistawa Roczkowska-Chmaj.

W tabeli 1 przedstawiono dzialalno$§¢ wydawniczg Komitetu Techniki Rolniczej PAN
na przestrzeni ostatnich 10-ciu lat. Jak mozna zauwazy¢ wiodaca rolg wsrod wydawanych
periodykow petni czasopismo ,,Inzynieria Rolnicza”, a od roku 2014 ,,Agricultural Engine-
ering” — s$rednio 9 zeszytdow w ciagu roku. Tak duza liczba wydawanych zeszytow byta
konsekwencja duzej liczby konferencji i szkot naukowych organizowanych przez rézne
osrodki naukowe pod wspélnym patronatem KTR PAN i PTIR. W sumie w ostatnim
10-leciu Wydawnictwo wydato 90 zeszytow, gdzie opublikowano 2756 artykuldw, co daje
$rednio 31 artykutéw na zeszyt. Redakcja wydawnictwa miesci si¢ w Krakowie, a zasoby
(streszczenia i pelne teksty artykutow) sa udostgpnione pod adresem: http:///ir.ptir.org.

Problemy Inzynierii Rolniczej sa kwartalnikiem, ukazujacym si¢ regularnie 4 razy
w roku. W ostatnich 10-ciu latach wydano w sumie 39 zeszytéw z 580 artykutami, co
w przeliczeniu na jeden zeszyt dato 15 artykutéw. Ogolny naktad wynidst 8350 egzempla-
rzy. Redakcja czasopisma od momentu potaczenia si¢ Instytutu Budownictwa, Mechaniza-
cji 1 Elektryfikacji Rolnictwa z Instytutem Melioracji i Uzytkow Zielonych (1 styczen
2010r.) — zostata przeniesiona do Instytutu Technologiczno-Przyrodniczego w Falentach.
Zasoby Wydawnictwa sa dostgpne pod adresem: http://www.itep.edu.pl/wydawnictwo/,
a wydania starsze 2005-2009 pod adresem http://www.ibmer.waw.pl/pl/zasoby
_pir_instrukcja.html.

Michatek, R. (2007). Komitety naukowe PAN w rozwoju kadry naukowej inzynierii rolniczej.
Inzynieria Rolnicza, 7(95), 15-22.
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Tabela 1.
Dziatalnos¢ wydawnicza Komitetu Techniki Rolniczej PAN w latach 2005-2014
Inzynieria Rolnicza/ Problemy
Rok Agricultural Engineering (2014) Inzynierii Rolniczej
Liczba Liczba Sumaryczny Liczba Liczba Sumaryczny
zeszytow artykutow naktad zeszytOw artykutow naktad
2005 15 468 3000 4 41 800
2006 13 461 2600 4 58 800
2007 10 273 2000 4 65 800
2008 11 396 2200 4 79 800
2009 9 238 1800 4 70 800
2010 7 259 1400 4 57 1000
2011 9 243 1350 4 67 1000
2012 6 165 900 4 64 950
2013 8 203 1200 4 55 800
2014 2 50 300 3 24 600
Razem 920 2756 16750 39 580 8350

Poza czasopismami o charakterze czysto naukowym Komitet Techniki Rolniczej PAN
wspolnie z Polskim Towarzystwem Inzynierii Rolniczej wydaje biuletyn informacyjny
o charakterze aplikacyjnym ,,Nauka Praktyce Rolniczej”. Czasopismo to ukazuje si¢ niere-
gularnie. Ma ono zasigg ogolnokrajowy i rozsylane jest do naszych osrodkow bezptatnie.
Periodyk ten cieszy si¢ niska popularnoscia, stad tez czestotliwos¢ jego wydawania jest
bardzo mata. Redakcja roéwniez miesci si¢ w Krakowie.

W tabeli 2 przedstawiam punktacj¢ czasopism KTR PAN wedlug obowiazujacej
w danym roku listy czasopism punktowanych MNiSzW oraz sumaryczny wskaznik oceny
czasopisma wykonany przez Bazg Index Copernicus.

Poza czasopismami objetymi bezposrednim patronatem Komitetu Techniki Rolniczej
PAN i Polskiego Towarzystwa Inzynierii Rolniczej istnieja réwniez inne periodyki z do-
meny inzynieria rolnicza. Ponizej przedstawiono polskie i zagraniczne czasopisma wraz z
aktualnq punktacja MNiSzW:

Acta Agrophysica — 7 pkt.

— Acta Scientiarum Polonorum — Seria Technica Agraria — 3 pkt.,

— Annals of Warsaw University of Life Sciences — 2 pkt.,

— Electronic Journal of Polish Agricultural Universities” (EJPAU) — 7 pkt.,

— International Agrophysics — 25 pkt. (IF=1,142),

— Journal of Research and Applications in Agricultural Engineering — 5 pkt.,

— Motrol Motoryzacja i Energetyka Rolnictwai — 4 pkt.,

— Roczniki Naukowe Stowarzyszenia Ekonomistoéw Rolnictwa i Agrobiznesu — 8 pkt.
— Technika Rolnicza-Ogrodnicza-Lesna — 4 pkt.,

— Teka Komisji Motoryzacji i Energetyki Rolnictwai — 6 pkt.,

— Zeszyty Problemowe Postepéw Nauk Rolniczych — 9 pkt.

256



Co dalej z wydawnictwami KTR PAN

Tabela 2.
Punktacja czasopism wydawanych pod patronatem KTR PAN w latach 2007-2014

Punktacja MNiSZW: Punktacja MNiSZW:
Inzynieria | BEPN\A¥] 2007: 4
Rolnicza | Iy I 2009: 4
2010: 6 2010: 6
2012:5 2012:5
2012:5 2012:5
2013:5 2013: 4
2014: 5 2014: 5
Index Copernicus: Index Copernicus:
2001: 2,70 2001: 2,10
2002: 2,23 2002: 2,60
2004: 2,22 2004: 2,59
2005: 2,22 2005: 2,59
2011: 4,31 2011: 5,63
2013:4,91 2012: 4,77

Na szczegodlng uwage zastuguja czasopisma zagraniczne, o najwyzszej randze nauko-
wej, posiadajace (IF) i umieszczone na tzw. Liscie Filadelfijskiej. Z wymienionych wcze-
$niej czasopism krajowych z zakresu inzynierii rolniczej, zadne niestety nie znalazlo si¢ na
tej liscie. Jedynie ,,International Agrophysics” jako czasopismo zwigzane blisko z inzynie-
rig rolnicza od 2010 roku widnieje na tej liscie. Inzynieria rolnicza — jako stosunkowo mto-
da dyscyplina naukowa — o charakterze interdyscyplinarnym, ma tez bardzo nieliczne wy-
dawnictwa zakwalifikowane do tej listy. Aktualnie sa to: Biosystems Engineering,
Transactions of the ASAE oraz Canadian Agricultural Engineering.

Ocena parametryczna czasopism naukowych w Polsce

W nauce, podobnie jak i nieomal we wszystkich dziedzinach zycia, trwa jednak rywali-
zacja o prestiz, sitg oddziatywania, a takze o pieniadze. Osrodki naukowe i poszczegdlni
naukowcy coraz ostrzej rywalizuja o pozycje w swoim $rodowisku naukowym (krajowym
i migdzynarodowym), a takze o pieniadze na badania, ksztalcenie studentow i doktorantow
oraz na popraw¢ warunkow materialno-dochodowych, w jakich pracuja. Konkurencja ta
przybiera rozmiar globalny, co bedzie odczuwane i czgsciowo juz jest odczuwane, rowniez
w Polsce. Nie ma od tego ucieczki, wigc jak najszybciej trzeba si¢ do tego przygotowaé
i stang¢ w szranki owej rywalizacji, chroniac jednoczesnie ,,nierywalizacyjne” cele i warto-
$ci nauki. Bardzo wazna rol¢ w tej rywalizacji odgrywa naukometria, ktorej narzedziem jest
bibliometria, zajmujaca si¢ analiza przeptywu informacji z wykorzystaniem publikacji
naukowych. Bibliometria postuguje si¢ zestawem metod ilosciowych stuzacych analizie
i ocenie osiagnig¢ naukowych poszczegolnych badaczy, a takze czasopism, jednostek nau-
kowych oraz krajow. Interpretacje bibliometryczne wychodza z zalozenia, ze im czgsciej
cytowana jest publikacja, tym mocniej oddziatuje ona na postgp naukowy, a czasopisma
drukujace poczytne artykuty sa lepsze od tych, ktorych artykuty cytowane nie sa. Jest to
szybko rozwijajaca si¢ dziedzina wiedzy, bedaca swoistg ,,nauka o nauce”. [...] Ranking
punktowy czasopism naukowych, podobnie jak i parametryzacja jednostek naukowych, jest
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proba obiektywizacji ich jakosci i pozycji na potrzeby pragmatyki postgpowania przy po-
dziale $rodkéw finansowych na nauk¢. Chodzi o wypracowanie przejrzystych i obiektyw-
nych podstaw podzialu funduszy publicznych, stluzacych finansowaniu jednostek nauko-
wych, zespotéw i projektow badawczych, a takze ocenie osiagni¢¢ naukowych, zar6wno
poszczegolnych badaczy, jak i instytucji. Obecnie parametryzacja jednostek w duzym stop-
niu zalezy od klasyfikacji czasopism. Z parametryzacja wiaze si¢ kategoryzacja, za ktora
ida pieniadze budzetowe. Mozna przyjacé, ze punkty przyznawane czasopismom stanowia
istotng cze¢s¢ fundamentu dobrobytu badz przyczyn upadku jednostek naukowych. Gtow-
nym problemem oceny czasopism jest znalezienie mozliwie najwigkszej liczby wspdlnych
elementdw oceny, a nastgpnie przyznanie tym elementom okreslonej wagi’.

Sformutowana przez zespét prof. Banacha (poprzedni zespot do oceny czasopism nau-
kowych) koncepcja oceny czasopism naukowych, opierata si¢ na czterech zatozeniach:

— dazenie do wypracowania podstaw pelnej parametryzacji czasopism i wyeliminowania
uznaniowosci w tej dziedzinie (wyeliminowanie ,,rgcznego sterowania” i uznaniowego
przydzielania punktéw poszczegdlnym czasopismom);

— koniecznos$¢ uporzadkowania zasad publikowania artykutow i wprowadzenia wysokich,
formalnych standardow w tym zakresie (zasady recenzowania, zapora ghost writing
oraz wprowadzenie redaktorow tematycznych, jezykowych i statystycznych);

— preferowanie dostepnosci czasopism w sieciach internetowych (indeksowania w bazach
danych, dostgpnos¢ on-line itp.);

— silne umigdzynarodowienie polskich czasopism naukowych (streszczenia i artykuty
w jezykach obcych, zwlaszcza w jezyku angielskim, zagraniczni autorzy, cztonkowie
rad naukowych czy redakcyjnych, zagraniczni recenzenci, a takze cytowania polskich
publikacji w literaturze swiatowej).

Te zatozenia mozna byto uznaé za uzasadnione i godne kontynuacji, jednakze koncep-
cja ta byla najsilniej krytykowana szczegolnie przez przedstawicieli nauk humanistycznych
i spolecznych, jako nieprzystajaca do specyfiki pracy naukowej i charakteru publikacji
w tych obszarach nauk.

Po wielu dyskusjach nowy zespdt (kierowany przez prof. Wilkina) postanowit nieco
zmodyfikowa¢ zasady, kryteria i niektore szczegétowe warunki oceny czasopism, zacho-
wujac jednak parametryczny charakter tej oceny i bazujac na danych z wczesniej wypel-
nionych ankiet. Najwazniejsze modyfikacje polegaly na:

— ustaleniu nowego zakresu punktacji: w czg$ci A — od 15 do 50 punktow, w czesci B —
od 1 do 10 punktéw i w czgsci C — 10, 12 i 14 punktéw w zalezno$ci od grupy czaso-
pism w bazie ERIH;

— wprowadzeniu tzw. stalej przeniesienia w wysokosci 0,4, co oznaczalo, iz znaczna
czg$¢ punktow wynika z poprzedniej punktacji (z 2010 r.). Pozwolito to zmniejszy¢
rozpigto$¢ migdzy ocena tego samego czasopisma dokonana w 2010 roku i 2012 roku;

— uznano jako minimalna liczb¢ kryteridéw wstegpnych 5 (z 9 mozliwych), w tym obligato-
ryjnie — naukowy charakter czasopisma;

— silnym zréznicowaniu wag poszczeg6lnych kryteriow oceny, w tym PIF, na liscie B w
odniesieniu do jej trzech sktadnikow: nauk technicznych, scislych, medycznych i przy-
rodniczych (TZ), nauk spotecznych (S) i nauk humanistycznych (H).

Wilkin J. (2013). Ocena parametryczna czasopism naukowych w Polsce — podstawy metodolo-
giczne, znaczenie praktyczne, trudnosci realizacji i perspektywy. Nauka, 1, 45-54.
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Ponizej przedstawiono kryteria oceny czasopism naukowych kwalifikowanych do grupy
nauk humanistycznych i spotecznych oraz nauk $cistych, przyrodniczych, medycznych

i technicznych.

Kryteria oceny do grapy nauk istycznych i op oraz nauk éristych pray b, medy i
Wagi z grupy
nank deistych, Wagi z grupy Wigiz
Parametr oceny P Kryterium pryredoiczych, nauk 2 Uwagi
medyczaych i homanistyczaych Bamkpolecseyel
techniczoyeh
[ 2 £} + s []
. *dla nauk bumanistyczoych zamiast PIF
P ustala wybrany podasiot pfﬁﬂ;gg LR il 035 0,100 025 oceniane jest indeksowanie czasopisma w
"pa: Arts & Humanifies Cifation Index.
P =1, jezeli odsetek autordw z afiliacja & n *dla nank bumanistyezayeh P=1, jezeli
sagranicana w stosuskn do calkowitej D 005 0200 007 procesiows liczba autoréw z afilizcja
liczby autordw za estamie dwa lata >25% R sy 2agranicznn wynosi 15%
Liczba P = 1, jezeli liczba baz
indeksacyjoych w ktérych czasopismo jest | Indeksacja w bazach danych 0,10 0,05 015
indeksowane *2
Liczba P=1, jezeli irednia liczba publikacji | Liczba prac asukewych 0.0 015 o0
nzukowych za ostatnie dwa lata 24 publikowanychirok - : 3
Liczba P=1, jezeli odsetek recenzentow Na dzien rlozenia aplikacji
mi¢dzynarodowych w stosuaku do Unuedzynarodowienie 0.10 0.10% 010 *dla nauk humanistyczaych P=1, jezeli
itej liczby W CIagu & * ® odsetek recenzentdw z afiliacja
ostatnich dwéch lat >50% Zagraniczna wynosi >25%
Liczba P=1, jezeli czasopismo ukazuje sig
w spossh ciagly w formie on-fine, badz . " "
yiaratio gl oo Sarirtal uld Czgstotliwoié wydawania 0,04 0,10 0,05
czeiciej.
Liczba P=1, jezeli publikacje sa w jezyla o ok hmummycl}.P-l,]mli
Sk Bl cmciin feayion koegs pFIcEnt prac a pe ) wemii
e VI3 $ZYE KORGIESOWYIE | Jezvic publikacji 0,10 0,05% 0,15 opublikowanyeh w ostatnich 2 latach w
2 jezyku angielskim lub innym
rosyjskim) kengresowym >20%
Liczba Pel, jezeli liczba cxlonkéw Na czas skladania aplikacji
zagraniczoych rady naukowej jest wigksza Umiedzynarodowienie rady 0,05 0,10* 0,05 *dla nauk bumanistyczaych P=1, jezeli
niz polowa calkowitej liczby czlonkéw tej | naukowej ’ " " odsetek czlonkéw rady naukowej 2
rady afiliacjs zagranic zna wynosi 325%
Liczba P=1, jezeli wszysikie artykuty Z
naukowe dostepne 53 w interaecie Wersje on-line 0,05 010 0,02
Liczba P=1, jezeli teksty publikacji sa
weryfikowane przez osobe, dla ktorej jezyk . - . R
qobliaci jestjeykiem sjezyiym (native | RASEEY jeyiowi 0,02 0.05 0,02 Wymienieni z imienia i nazwiska
speaker”)y
Liczba P=1, jezeli na rzecz redakeji dziala Wymienaieni z imienia i nazwiska
redakor statystyczay Redaktor statystyczay 0,02 0,00 0,02
Liczba P=1, jezeli na rzecz redakeji dzialaja. " ‘Wymienieni z imienia i nazwiska
pecekiboy Gyt Redaktorzy rematyczai 0,02 0,00 0,02
SUMA KONTROLNA Loo Loo 1,00
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W rezultacie przyjetych przez zespol zatozen, kryteriow i wag punktowych rozktad
punktacji czasopism na listach A i B, przy uwzglednieniu takze trzech czg¢scei listy B (TZ, S
i H), wyglada nastgpujaco (na osi poziomej zaznaczona jest liczba punktéw).
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Rysunek 2. Rozklad ocen czasopism w ramach czesci ,,B" wykazu — grupa ,, TZ”

W grupie (TZ) najwigcej czasopism otrzymato 4 Iub 5 punktow, ale relatywnie nieco
mniej uzyskato oceng 6-8 punktéw. Pamiegta¢ jednak nalezy, iz czasopisma z tej grupy nauk
(TZ), pochodzace z Polski, sa czgsciej reprezentowane w czesci A listy (z ustalonym Im-
pact Factor). Czesciej sa tez indeksowane w roznych bazach danych, co sprawia, ze polskie
publikacje z grupy TZ sa bardziej widoczne i doceniane w migdzynarodowym obiegu lite-
ratury naukowej niz publikacje z zakresu nauk spotecznych i humanistycznych.
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Dzialalno$¢ wydawnicza Komitetu Techniki Rolniczej PAN
oraz Polskiego Towarzystwa Inzynierii Rolniczej

W ciagu 17-tu ostatnich lat dziatalno$ci wydawnictwo ,Inzynieria Rolnicza” wydato
152 zeszyty naukowe, z czego 31 to rozprawy habilitacyjne. Pierwszy zeszyt czasopisma
»Inzynieria Rolnicza” zostal wydany w maju 1997 roku, w Warszawie. Zawieral on
25 artykutéw naukowych, a jako pierwszy zamieszczono artykut prof. Janusza Hamana pt.:
,,Co dalej z Inzynieria Rolnicza?”. Mingto 17 lat od tego czasu a temat jest nadal aktualny.
Swoje prace w zeszytach naukowych publikowato 1657 autorow z 127 osrodkéw nauko-
wych, w tym 29 zagranicznych. Najwigcej prac opublikowali przedstawiciele osrodka kra-
kowskiego — 29%, nastegpnie lubelskiego — 18%, wroctawskiego — 15% i warszawskiego —
11%. Najmniejszy natomiast udzial stanowity publikacje z instytutow naukowych oraz
jednostek branzowych. Wsrdd osrodkéw zagranicznych najwigkszy udziat ma Stowacki
Uniwersytet Rolniczy w Nitrze oraz Czeski Uniwersytet Rolniczy w Pradze.

Przeprowadzona dwa lata temu ocena wydawnictwa ,,Inzynieria Rolnicza” wykazata ro-
snace z roku na rok zainteresowanie tym czasopismem. Wysokie indeksowanie w globalne;j
sieci Internet oraz w bazach danych czasopism technicznych Baz-tech, Index Copernicus,
SIGZ, AGRIS, BazEkon, EPNP powoduje coraz wigksze zainteresowanie zarowno dyscy-
pling jak tez samym czasopismem. Ciagle zmiany MNiSW, dotyczace zasad i kryteriow
oceny jednostek naukowych, pracownikéw oraz wydawnictw, jak rowniez w Polskiej Aka-
demii Nauk (grozba taczenia komitetow naukowych), stwarzaja niepewna sytuacj¢ na ryn-
ku wydawniczym. Jednakze mimo licznych probleméw wydawniczych i upowszechnie-
niowych nie powinniSmy rezygnowa¢ z wszelkich inicjatyw mogacych podnies¢ range
czasopism zaro6wno w kraju jak i za granica.

Ponizej przedstawiam wyniki ostatniej ankiety aplikacyjnej ztozonej do oceny czasopi-
sma ,,Inzynieria Rolnicza”. Ocena podzielona byta na kryteria wstgpne i obowiazkowe. Jak
mozna zauwazy¢ spelniamy wigkszo$¢ z kryteriow, jednakze najwigcej punktow tracimy
w kategorii kryteriow obowiazkowych — ,,Indeks cytowan PIF” oraz ,,umi¢dzynarodowie-
nie recenzentow” i jezyk publikacji”. Od dwoch lat doktadamy wszelkich staran celem
pozyskania zagranicznych recenzentéw, a od roku 2014 publikujemy artykuly wylacznie
w jezykach kongresowych (angielski, niemiecki, francuski, rosyjski). Mamy nadziej¢ ze
nasze starania przetoza si¢ na wzrost indeksu cytowan PIF. Pierwszym wymiernym efek-
tem jest wzrost zainteresowania naszym czasopismem naukowcow z zagranicy. Do redakcji
naptywaja artykuty z Turcji, Niemiec, Norwegii i Czech.
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KRYTERIA Utracone  Warunek  Punkty z Maxy Spe’mlgme Przyznane
punkty  (punkty => transkrypcji punktow  kryterium  punkty
WSTEPNE ’
od) ewaluacji
Lista 0.00 1 1 1.00 1 1.00
recenzentow
Procedura 0.00 1 1 1.00 1 1.00
recenzowania
Strona 0.00 1 1 1.00 1 1.00
internetowa
Recenzenci 0.00 75 100 1.00 1 1.00
zewnetrzni
Naukowy charakier 0.00 1 1 1.00 1 1.00
czasopisma
Streszczenie i tytuf 0.00 1 1 1.00 1 1.00
w jezyku angielskim
Stabilnos¢ 0.00 1 1 1.00 1 1.00
wydawnicza
Zapora. 0.00 1 1 1.00 1 1.00
ghostwriting
Deklafaqa 0 wersji pier- 0.00 | | 1.00 1 1.00
wotnej
Kivremow U ek Tl 1 Ve TS o
OBOWIAZKOWE punity {punxty par p ' n punkly
od) ewaluacji ewaluacji
i 2.50 X X 3.50 1 1.00
cytowan PIF : ) )
Zagraniczna 0.50 25 4 0.50 0 0.00
afiliacja autorow
Indeksacja
w bazach danych 0.00 2 2 1.00 1 1.00
Liczba artykulow nauko-
wych publikowanych/rok 0.00 24 487 1.00 1 1.00
Umigdzynarodowienie 1.00 50 0 1.00 0 0.00
recenzentow
Czestotliwosé
. 0.00 4 6 0.40 1 0.40
wydawania
Jeoyk 1.00 100 8 1.00 0 0.00
publikacji
Umigdzynarodowienie
. 0.00 50 59 0.50 1 0.50
Rady naukowej
Wersje on-line 0.00 1 1 0.50 1 0.50
Redaktorzy jezykowi 0.00 1 1 0.20 1 0.20
Redaktor statystyczny 0.00 1 1 0.20 1 0.20
Redaktorzy tematyczni 0.00 1 1 0.20 1 0.20
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Od roku 2007 wydawnictwo stworzylo swoj wlasny portal (http:/ir.ptir.org), na ktérym
udostgpnia swoje zasoby. Po raz pierwszy zostal on zaprezentowany na XIV Szkole Zimo-
wej ,,Postgp naukowo-techniczny i organizacyjny w rolnictwie” w lutym 2007 (rys. 3.).
Zawiera on pelna baze artykutow (streszczenia w jezyku polskim i angielskim oraz pelne
artykuty) z lat 2006-2014. Do bazy wprowadzono dotychczas 108 z 150 zeszytéw nauko-
wych, co stanowi 72% ogdlnych zasobow.

__
Agricultural Engineering
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Rysunek 3. Panel glowny portalu czasopisma Inzynieria Rolnicza

Kluczowe stowa stuzace do nawigacji po stronach portalu Wydawnictwa zostaly prze-
thumaczone z polskiego na 3 inne jezyki: francuski, angielski, niemiecki. Zmiany dokonuje
si¢ poprzez wybranie jednej z flag. Zaleta portalu wydawnictwa ,,Inzynieria Rolnicza” jest
bardzo przyjazny dla uzytkownika interfejs. Istnieje mozliwos¢ szybkiego wyszukiwania
artykulow po tytutach, stowach kluczowych, streszczeniach oraz autorach. Portal jest takze
zrédlem informacji dotyczacych funkcjonowania wydawnictwa: instrukcja dla autoréw,
procedura wydawnicza, wzory oswiadczen, druk recenzji, sktad Rady Programowej, Komi-
tetu Redakcyjnego oraz wykaz Redaktoréw tematycznych.

W dzisiejszych czasach podstawowym zrodlem pozyskiwania informacji jest globalna
sie¢ Internet. Chcacym by¢ zauwazanym w kraju i na $wiecie konieczne byto stworzenie
portalu jak réwniez odpowiednich procedur dajacym nam odpowiednia pozycje wsrod
czasopism poszukiwanych w sieci. Dowodem naszych dziatan jest bardzo wysokie indek-
sowanie stow: ,,inzynieria” i ,,inzynieria rolnicza” w najpopularniejszej sieci Google.

Celem uzyskania informacji o atrakcyjnosci portalu, wykorzystania witryny, przegladu
uzytkownikow a takze zrodet odwiedzin, w dniu 11 marca 2007 roku do portalu wydawnic-
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twa dolaczono modut statystyk — Google Analytics. Zebrane i zaprezentowane statystyki
pokazuja, ze od poczatku istnienia portalu Wydawnictwa stron¢ odwiedzono 494 358 razy
z 217 krajéw, z czego 93 786 wizyt przypadato tylko na rok 2010. Od 15 grudnia 2013 roku
mamy wlasna stron¢ na portalu spotecznosciowym Facebook (https://www.facebook.com
/pages/Wydawnictwo-Inzynieria-Rolnicza/ 778319618860909), gdzie prezentujemy naj-
nowsze informacje dotyczace wydawnictwa jak tez publikujemy wybrane materiaty. Strona
ta cieszy si¢ duza popularnoscia szczegdlnie wsrod mtodszych pracownikéw naukowych.
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Rysunek 4. Dane z systemu Google Analytics — pulpit nawigacyjny [Google analytics (on-
line) 2014]

Jako jedni z pierwszych podpisaliSmy umowe¢ z Interdyscyplinarnym Centrum Mode-
lowania Matematycznego i Komputerowego Uniwersytetu Warszawskiego, ktory jest wia-
Scicielem 1 operatorem systemu informatycznego wykorzystywanego do prowadzenia
i obstugi naukowej biblioteki cyfrowej ,,Domena Internetowych Repozytow Wiedzy” zwa-
nej DIR. Blisko wspoétpracujemy z Portalem Spozywczym (www. portalspozywczy.pl),
pierwszym portalem rolnym (www.ppr.pl) oraz portalem AgroNews (wWww.agronews.
com.pl). Celem tej wspdlpracy jest promowanie naszego wydawnictwa poprzez wzajemne
linkowanie stron portalu, pokrewnych wydawnictw naukowych i popularno-naukowych,
wymiana logotypow jak rowniez przedruk wybranych publikacji zar6wno naukowych jak
tez popularno-naukowych.

I co dalej...

Jak kazde Wydawnictwo, tak i nasze boryka si¢ na co dzien z réznymi problemami.
W naszym przypadku sa to bardziej problemy natury upowszechnieniowej niz wydawni-
czej.
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Jednym z podstawowych probleméw polskich naukowcow jest brak szerszego dostepu
do wydawnictw z Listy Filadelfijskiej oraz niska punktacja czasopism spoza Listy. ,,Inzy-
nieria Rolnicza” jako stosunkowo mtoda dyscyplina naukowa o charakterze interdyscypli-
narnym, ma bardzo ograniczony dost¢p do czasopism z tej listy. Czas procesu wydawni-
czego jest dhugi, co zniech¢ca do publikowania tam swoich prac. Dlatego tez niewielu
autorom udaje si¢ tam opublikowa¢ swoje wyniki badan..

Drugi bardzo istotny problem naszych wydawnictw to bardzo niski lub tez brak wskaz-
nika cytowan RIF (ang. Real Impact Factor), co skutkuje niska punktacja — obecnie 5 pkt.
w ocenie ministerialnej. Stanowi on podstawowa barierag w uzyskaniu wysokiej parame-
trycznej oceny czasopism krajowych. Mozemy to zmieni¢ jedynie poprzez ograniczenie
liczby wydawanych publikacji i zwigkszenie liczby cytowan naszych wydawnictw w cza-
sopismach z listy filadelfijskie;j.

Kolejny problem to rosngce z roku na rok koszty procesu wydawniczego. Oprécz ro-
snacych kosztéw materialow poligraficznych, od 2011 roku zmienity si¢ stawki VAT jak
rowniez klasyfikacja towarow podlegajacych zwolnieniu z tego podatku. Od roku 2013
wydawnictwo ponosi dodatkowo koszty korekty statystycznej i jezykowej, a od 2014 row-
niez koszty ttumacza j¢zyka angielskiego.

Niepokojacym zjawiskiem jest odchodzenie od badan empirycznych na rzecz badan
symulacyjnych. W szybkim tempie rosnie liczba artykutéw, w ktérych wyniki badan oparte
sa nie na doswiadczeniu lecz na symulacji komputerowej. Istnieje realne zagrozenie, ze
w niedalekiej przysztosci dojdzie do zaniechania wszelkich badan empirycznych i ,,sztucz-
nym” odwzorowywaniu rzeczywistosci i ,,prognostycznym” wyciaganiu wnioskow. To
efekt przede wszystkim ograniczenia nakladow finansowych na nauke, co przektada sig¢
bezposrednio na badania naukowe.

Na przestrzeni ostatnich lat widoczny jest obnizajacy si¢ poziom merytoryczny i for-
malny nadsytanych do wydawnictwa artykulow. Wiele z nadsytanych prac to prace przy-
czynkowe, analizy przypadkow lub prace popularno-naukowe. Bardzo czgsto autorzy po-
wolujg si¢ wylacznie na wilasne publikacje Iub tez uzasadniaja temat na podstawie jednej
lub dwoch publikacji krajowych. Brak jest szerokiego (migdzynarodowego) przegladu
literatury, a w dyskusji brak odniesienia do badan miedzynarodowych. Ros$nie liczba recen-
zji negatywnych, w roku 2013 w stosunku do roku 2007 liczba tego typu recenzji wzrosta
o 18%. Nieprzestrzeganie instrukcji wydawniczej, brak starannosci i skrupulatnosci
w przygotowywaniu materiatow do druku, btedy w tabelach i na rysunkach oraz biedy
w bibliografii to najcz¢sciej spotykane niedociagnigcia formalne w nadsytanych artykutach.

Ostatnim ale czgsto poruszanym przy okazji organizowanych szkot i konferencji nau-
kowych problemem wydawniczym jest dlugi czas trwania cyklu wydawniczego. Chciatbym
tutaj powiedzie¢, ze Redakcja pelni jedynie rolg koordynatora poszczegdlnych etapow
procesu wydawniczego, a zasadniczy czas trwania catego procesu zalezy w gtdéwniej mie-
rze od samych autorow i recenzentow. Co zrobi¢ aby skrocié czas cyklu wydawniczego?
Odpowiedz jest bardzo prosta i tatwa w wykonaniu — zwigkszy¢ dyscypling czasowa recen-
zentow i autorow a takze dolozy¢ wiekszych staran w przygotowanie publikacji do druku.
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Jednakze mimo licznych probleméw wydawniczych i upowszechnieniowych nie rezy-
gnujemy z dziatan mogacych podnies¢ range czasopisma zarowno w kraju jak i za granica.
W tym celu w najblizszym czasie skupimy si¢ na:

— podniesieniu warto$ci merytorycznej i formalnej publikacji,

— jeszcze szerszym upowszechnianiu czasopism KTR PAN w bazach danych zaroéwno
polskich jak i zagranicznych,

— powolywaniu si¢ na prace publikowane w czasopismach KTR PAN w publikacjach
wysylanych do wydawnictw z listy filadelfijskiej,

— zachgceniu zagranicznych naukowcow do publikowania w naszych periodykach nau-
kowych,

— skrdceniu procesu wydawniczego w czasopismach KTR PAN,

— obnizeniu liczby wydawanych artykulow (max. 25 artykutéw w zeszycie), przy zacho-
waniu warunku >25% publikacji zagranicznych w 2 ostatnich latach),

— wydawaniu zeszytow naukowych w jezykach kongresowym,

— wydawaniu monografii tematycznych,

— opracowaniu nowej strony wydawnictwa opartej na nowych miedzynarodowych stan-
dardach (Open Journal Systems).
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