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The 50" anniversary of the Research Institute
of Agricultural Engineering in Prague

50 years ago was established the Research Institute
Jfor Mechanisation of Agriculture. Its name was changed
to Research Institute for Mechanisation and Electrifica-
tion of Agriculture (VUMEZ) later. Its place of activity
was located in a facility in Prague-Vokovice. As stated in
the Ministry of Agriculture Decree No. 53 published in
the Official Gazette I. No. 52-55/1951, in total five new
institutions were established on I'' January 1951. Be-
sides the Research Institute for Mechanisation of Agri-
culture they were the following: Research Institute for
Crop Production, Research Institute for Livestock Pro-
duction, Research Institute for Forestry Production and
Research Institute for Agricultural Economics.

The principal activities of the new Research Institute
for Mechanisation of Agriculture were testing of ma-
chines, construction of simple types of new machines,
research of purposeful utilisation of new mechanisation
means and necessary advisory services for agricultural
enterprises.

The establishment of a particular Research Institute of
Agricultural Machines in Prague-Holesovice in 1953
subjected to the Ministry of Engineering and of the State
Station for testing of agricultural machines in Repy near
Prague in 1957 enabled to focuse the activities of the in-
stitute to the really scientific and research work in the
field of agricultural productive technologies.

In 1958 the name of the institute was changed to Re-
search Institute of Agricultural Engineering.

Besides investigative research the workers of the In-
stitute deserved credit in accelerating the development
of both crop and livestock production mechanisation.
The research results were synthetised into the so called
Complex of machines for Czechoslovak agriculture.
Let us remind the share of the problem solutions re-
garding the timely soil preparation (putting through of
heavy-duty wheel tractors in practice), the providing of
sufficient amounts of roughage (program of silage,
haylage and hay production), increasing performance
of grain, oil crop and root crop harvesters and reduc-
tion of quantitative and qualitative losses during har-
vest and at product storage. The workers of the
institute took part in development of progressive trans-
portation and material handling systems within agri-
culture. The truck-and-tractor container system,
interchangeable bodies, pick-up trailers equipped with
cutting device for forage crops. From the recent period
may bz remembered the research of renewable energy
sources resulting in the basis for departmental pro-
grams Biodiesel, Bioethanol and for the prepared re-
search program Biogas.

The Research Institute of Agricultural Engineering
had to change its location twice within its 50 years his-
tory: from Prague-Vokovice to Repy near Prague in
1956 and from Repy to Prague-Ruzyné in 1998. The es-
tablishers of the institute were successively the follow-
ing: Ministry of Agriculture, Czechoslovak Academy of
Agricultural Sciences, Czech Agricultural Academy,
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Federal Ministry of Agriculture and Nutrition, Federal
Ministry of Economics and finally again the Ministry of
Agriculture of the Czech Republic.

The long-term purpose of the institute, i.e. to contrib-
ute to increasing of the technical and technological
level of agricultural production, has not changed, but
methods how to fulfil that purpose has changed consid-
erably. Gradually were formulated new scientific issues
as agro-physic, agro-bionics, bio-technics and mecha-
tronics.

The content of the scientific section of agricultural
engineering and technology is created by following is-
sues at present:

— technology and engineering for sustainable farming;

— agricultural energy, energy savings, renewable en-
ergy sources, bioenergy;

— technical and economical evaluation of production
systems, information technologies;

— agro-ecology, environment and natural resources
protection;

— investigative research, theory of technological and
transporting systems in agriculture, bipnics, biotech-
nics, agro-physics.

The Research Institute of Agricultural Engineering in
Prague has conformed to this trend similarly as the
major part of foreign institutions. At present the insti-
tute has four vesearch divisions:

1. Division of technological systems for productive ag-
riculture

2. Division of energy and logistic of agricultural tech-
nological systems and biomass utilisation for non-
Jfood purposes

3. Division of economy of agricultural technological
systems

4. Division of ecology of agricultural technological
systems.

The long-term conception of the Research Institute of
Agricultural Engineering involves following basic re-
search fields:

1. Strategy of technical and technological development
of Czech agriculture.

2. Technology for sustainable methods of farming.

3. Reduction of negative impacts of agricultural mecha-
nisation and technology onto environment.

4. Utilisation of renewable energy sources and raw ma-
terials in agriculture and in countryside.

5. Research of agricultural materials properties neces-
sary for projects of technology and design of agri-
cultural machines and devices.

We trust that the structure of research institutes
newly established 50 years ago has not been .random
and can be considered as the corner-stores of agricul-
tural research also in the 21" century.

ZDENEK PASTOREK
Director of the Research Institute
of Agricultyral Engineering
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Composting as possibility of toxic gases emissions reduction,
mainly ammonia, generated during manure storage

A. JeLiNex!, M. Cespiva, P. PLiva!, G. HORNIG?, U. STOLLBERG?

'Research Institute of Agricultural Engineering, Prague, Czech Republic
Ynstitute of Agricultural Engineering, Bornim, Germany

ABSTRACT: The base of aerobic composting is biodegradation of organic matter caused by aerobic micro-organism combined
with some other reactions, oxidation and hydrolysis particularly. The aerobic process of composting needs air and oxygen sup-
ply, because it is one of conditions of effective and rapid process. Generally, in the humification process are active mostly het-
erotrophic micro-organisms which degrade the organic matters and part of them is oxidated up to CO,and H,0. At the same time
occurs a partial bond of nitrogen and the compost use value increases. On the basis of these facts we consider composting as very
suitable method of livestock excrements and remaining biomass processing into high-quality humus out of soil environment, but
also possibility how to decrease ecological burden of landscape including burden gases emissions reduction. That is why many
experiments were carried — out providing dependence of toxic gases emissions generation, mainly ammonia, during composting

process.

Keywords: ammonia; toxic gases emissions; measuring devices; sensors; stable climate

The composting process is, with little exceptions, the
same for all methods of aerobic composting. It varies
only by the process velocity (VANA 1996). It depends
mainly on:

— optimization of raw materials composition,

— observance of process conditions (temperature, mois-
ture, aeration degree),

— mechanisation of principal operations within techno-
logical process,

— covering of compost by geotextile.

When all these conditions are maintained, than we
call the process “controlled composting” where each
interference into composting process is precisely conju-
gated and has its own importance. The controlled
composting significantly accelerates the course through
the three phases necessary for correct performance of
the process (SROUBKOVA 1990).

At spontaneous start of micro-organism biodegrada-
tion begins the 1* phase — mineralization.

First phase — mineralization

Is characterized by rapid growth of temperature (in
the core of composted material it reaches over 60°C)
followed by relatively rapid decrease. The micro-or-
ganism decay complicated organic compounds into
simpler of anorganic character. As well chemical deg-
radation reactions proceed. At the beginning sugar,
starch and proteins are degradable, later also cellulose
and other parts of wooden material. The final products

of that degradation are water, CO, and other sub- *

stances.
The nitrogen surplus in the mixture could cause the
ammonia generation. The transformation proceeds at
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high consumption of oxygen and generation of carbon
dioxide. The micro-organisms are not able to degrade
organic acids, therefore relative amount of these acids
rapidly grows and pH value drops down.

At the beginning there are developed the mezophil
microbes reaching top activity at temperature 20-30°C.
They decay easy degradable organic matter. At tem-
perature increase to 45°C there are active the thermo-
phil micro-organisms, able to increase temperature up
to 80°C. In these processes are applied mainly the rod
bacteria — micromycetes decaying cellulose. The ther-
mophilous fungi play important role within the
composting process concerning humus generation. It is
necessary to prevent temperature above 70°C because
some micro-organisms die at this temperature and com-
post ripeness time is longer.

The mixture volume decrease is relative fast. This is
caused not only by sedimentation and compaction of
material, water evaporation, but mainly this indicates
the balance reduction of total weight resulting from
CO, and other gases production. The total weight loss
can reach in the first phase up to 30%. The weight bal-
ance during whole composting process is evident in
Fig. 1.

During mineralization the appearance of material
does not change, smell is the same like at the start of
the process. So far, compost has not the humus proper-
ties and can not be applicated into the soil. Sometime it
can display a certain signs of phytotoxicity. But impor-
tant is, that within this phase occurs hygienization of
the compost. The temperature kills the putrefactional
and pathogenous bacteria and liquidates the seed ger-
mination.

RES. AGR. ENG., 47, 2001 (3): 82-91
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Second phase — transforming

Is characterized by gradual decrease of temperature
to 25°C. The thermophil bacteria are substituted by
other group of micro-organisms. In this phase is chang-
ing the period of development and suppression of mi-
crobe activity. Within the worse accessible compounds
decay the actionomycetes are activated. Organic mate-
rials are gradually transformed into humus compounds.
These are bonded to clay particles and transformed to
stabile forms resistant against microbial decay. In this
phase can appear even insect or other organism.

The original look, structure and smell of the material
fade away. The compost gets brown, individual particles
decay. In this phase is decayed about other 10 wt % of
mixture. The phytotoxicity fades away and compost
leaches are not hygienically defective. At the end of the
second phase the compost may be used as fertilizer.

RES. AGR. ENG., 47, 2001 (3): 82-91

Fig. 1. Composting weight balance (Senkey’s diagram)

Third phase — compost maturity

Temperature decreases to ambient value. Bonds be-
tween anorganic and organic materials set in and the
high-quality and stabilized humus generation performs.
In this phase is not observed any loss of weight. The
compost is matured, the autochtonous microflora bacte-
ria appear as well as insects, earth worms e.t.c.

The total weight reduction from the composting start in-
cluding losses within processing can reach up to 60%
(GRODA 1996). The volume reduction is even higher be-
cause material compaction. If the original specific weight
of the basic material was 400 + 600 kg/m’, the specific
weight of matured compost is about 700 kg/m®in depen-
dence on the used technology and the weight of compost
with higher ratio of earth is 1,000 + 1,200 kg/m’.

The particular phase duration is influenced by technol-
ogy, raw material composition, conditions of composting
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Table 1. Parameters of composts of different type

Diverse raw material Monotechnological

Indicntor Nitahe composition + TDO composition + TKO
Number of bacteria (mil. I g. of d. m.) 330 3,600 1,650
Time of maturity (days) 20 40 25
Max. time of maturity (days) 25 50 30
CO, production (mg/100 g. of d. m) 4.25 180 240
NH, production (mg/100 g. of d. m) 65 140 120
Temperature during maturity 33 60 64
Organic matter losses 15 25 30

but also by other factors, e.g. year’s season (ZEMANEK
2000). Survey of some values in compost of different
type is presented in Table 1.

In order to ensure correct composting process within
all the three phases, it is necessary for micro-organism
development to create optimal conditions by suitable
adaptation of the main factors. One of the most impor-
tant factors influencing the composting process is the
ratio of carbon and nitrogen (C:N).

The microflora needs for its development besides
carbon also nitrogen resource which is necessary for
protein synthesis. The nitrogen absence causes signifi-
cant deceleration of humification. Contrary the nitrogen
surplus leads to excessive mineralization and nitrogen
leakage in form of ammonia. The ammonia develop-
ment leads to pH — value increase into environment
unfavourable for life of micro-organisms. In conse-
quence of this the bio-chemical reaction could totally
end.

The aim of aerobic composting is to change the or-
ganic materials into stabilized humus matter. The re-
sulting product is resistant against next intensive decay.

The C:N ratio should be max. 30 for matured com-
post. During the process the ammonia ions should be
transformed into more resistant nitrogen bond. The ni-
trogen immobilization into macro-molecules of gener-
ating humus materials is a proof of correctly managed
composting process.

The composting process is accompanied by creation
of various gaseous substances in which are indicator of
the process phase and how this process environmen-
tally burdens landscape by toxic gases emissions,
mainly ammonia (JELINEK 1999).

All the presented dependencies were found out within
experimental measurements at some composting plants.

THE MEASURING METHOD

The ammonia emissions and other gases measuring at
composting plants differs from those in stables, During
these measurements is necessary to eliminate weather
effect onto surface of compost and effect of changing
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temperature inside the piles. For measuring was used
a verified method of L. Svenssona a M. Ferma, pub-
lished in the Journal of Agricultural Engineering Re-
search in 1993, No. 1 under title Coefficient of matter
transformation and concentration balance as key fac-
tors in a new access to find out ammonia emissions in
farm — yard manure. This measuring method success-
fully used Kovaricek (VUZT 1994) for ammonia emis-
sions measuring during slurry application onto field.
The difference against the original work, Kovaricek’s
work and measuring which we have performed, is par-
ticularly in investigation of updated ammonia concen-
tration in the measuring chamber.

The method is based on the knowledge, that ammo-
nia emission can be expressed by equation:

Exin=(C.-= C,) . Kyv

where: Ey;; — ammonia emissions,

C.. - balanced ammonia concentration in air,
C, - ambient ammonia concentration,
Kuy — coefficient of material transfer between air

and manure.

All the three values may be obtained by measuring.
For measuring is prepared a single measuring chamber
(Fig. 2) adapted from big plastic box. In the chamber is
installed sensor for ammonia concentration measuring
and air ventilator, rich in ammonia emissions, or some
other gases discharging from the chamber. The air flow

Fig. 2. View of the measuring chamber

RES. AGR. ENG., 47, 2001 (3): 82-91



through the chamber is regulated by the ventilator revo-

lutions. After the theoretical analysis of the problems

and verification of obtained results the authors deter-

mined relationship between the measuring chamber

size and the air flow through the chamber. For the used

chamber was computed the air flow value 5.6 m*/h.
This value was used for all the measurements.

THE MEASURING RESULTS

Measuring of toxic gases emissions
at the composting plants

For comparison will be described two composting
plants which belong into group of the composting
plants where the rapid composting process is carried —
out and where the identical drawing rotary digger is
used.

Measuring at the JENA company
composting plant (Fig. 3)

The composting plant is situated between villages
Velké Prilepy a Tursko within area of former missile
base. The plant is processing the wooden residua,
mowed grass and leaves from Prague’s parks and ma-
nure from the co-operative farm Tursko. Wooden waste
is crushed onto chips before their insertion to the com-
post, mowed grass is in form of crushed material,
leaves and other rests are added in untreated state. The
basic pile is always untreated and consists of 6 volume
parts of leaves, 2 volume parts of mowed grass, 2 vol-
ume parts of wooden chips and 2 volume parts of ma-
nure. There is used technology of rapid composting and
the compost piles are covered by geotextile. The
composting plant workers measure regularly the tem-
perature inside the pile and the compost dry matter is
observed in laboratory. According to found values the
pile’s dry matter can eventually be adapted. For the pile

turning the JENA company used the drawn digger of

NUCLEA Tiebi¢. The compost piles are of trapezoid
cross-section with base of 2.2 m and height of 1.3 m.

Fig. 3. Measuring at the JENA company composting plant

RES. AGR. ENG., 47, 2001 (3): 82-91

Because the piles are always identical at the composting
plant both the formerly based compost and those based

Jjust before measuring are used for investigation.

The newly based compost pile was homogenized by
turning just before measuring. In the current piles the
turning was provided two days before measuring. Ac-
cording to the operator data this compost was 40 days
old, i.e. in the middle of the composting period. The
following measurements were carried out always in the
newly based and old compost up to the finish in the old
pile. By this approach it was possible to acquire the
ammonia complex emission within all composting
cycle.

The graphical dependence of gases concentrations
leaked into atmosphere on the time are presented in part
Comparison of results from both composting plants.

The main result of the measurements after emission
summation from particular turnings and calculation to
the pile volume is ammonia amount leaked into atmo-
sphere (Table 2).

Measuring at the HUCUL composting plant (Fig. 4)

On the farm focused on Hucul horse breeding the
main component of the compost is a horse manure,
grass from mountain meadows and wooden chips or
saw dust. The horse manure composting solves reduc-
tion of environmental burden created by manure stor-
age on the farm and by following distribution on

Fig. 4. Measuring at the HUCUL farm composting plant

85



Table 2. Resulting ammonia emissions at JENA composting plant

Measuring chamber volume 0.047 m’

Air flow through the chamber 5.6 m*/h

Chamber area 02 m’

Total compost pile emission area of trapezoid cross-section — base width 78 m?

2,6 m. height 1,2 m, length 20 m and 60° angle of side walls

Compost pile volume 43 m’

Emissions found within investigation time At compost weight 420 kg/m* the compost emission is 336 g NH,/t
Resulting emissions within the composting cycle 6.5 kg of NH,

Composting plant of JENA company

—+—MP 1
---8--MP 2
—&—MP 3 ambientair

B .

N,O (mg/m’)

10:00 13:00 16:00 1900 . 2200 01:00 04:00 07:00 10:00 13:00

Time

Composting plant of HUCUL farm
2.9 .

——MP1 -—©o-MP2 ] |

2.0 ——MP3 —MP4

T
|
|
|
|
|
\
|
\
|

A}l 2

'E 1.5
=
E .
. 10 =
4
0s SN S St B SN
|
16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 0800 1000 12:00 1400 1600 18:00

Time

Fig. 5. N,O concentrations — composting plant of HUCUL farm, composting plant of JENA company
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Table 3. Resulting ammonia emissions at HUCUL farm composting plant

Measuring chamber volume 0.047 m*

Air flow through the chamber 5.6m’h

Chamber area 0.2 m’

Total compost pile emission area of trapezoid

cross-section — base with 2.6 m, height 1.2 m, 310 m?

length 20 m and 60° angle of side walls

Compost pile volume 173 m?, i.e. 74. 4 tons (bulk density 450 kg/m”*)

Found emissions within the composting cycle At compost weight 450 kg/m® the compost emission is 504 NH /t
Emissions resulting within the composting cycle 37.5 kg of NH, composting plants

Composting plant of JENA company
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Fig. 6. CH, concentrations — composting plant of HUCUL farm, composting plant of JENA company

the mountain meadows. Still expanding livestock rearing With respect to relative short time period when is
causes manure volume growth and dunghill capacity is  possible to layout the compost and to provide turning
insufficient for whole year production. The strict farm-  (April-November) this is feasible by the rapid com-
ing conditions in KRNAP request also investigation into  posting reaching implementation of 2-3 cycles.

the environment load from the composting plant.
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Composting plant of JENA company
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Fig. 7. CO, concentrations — composting plant of HUCUL farm, composting plant of JENA company

The composting pile composition during measuring
on the HUCUL farm was as follows:
— 1 volume part of horse manure,

— 1 volume part of fresh grass,
— 1 volume part of saw dust.

The turnings are performed regularly once a week.
After each turning the pile is always covered by geo-
textile. Temperatures inside the pile and compost mois-
ture in laboratory are measured regularly.

The basic technical data are identical with the JENA
composting plant. The HUCUL farm is using an identi-
cal digger and therefore the compost pile shape is the
same. The pile length was 80 m.

88

The particular gases concentration courses, released
during the composting process are presented in chapter
Comparison of results from both composting plants.

From the measured values is evident that similarly
with the JENA composting plant the ammonia emis-
sions decrease with each next turning. Similar course
have also other gases, only the time of decrease to
minimal value is different. From this point of view it is
interesting the CO, emissions course which in one case
kept relative high value even on the second day after
turning. The final result of total emission of ammonia
is presented in the following table (Table 3).

RES. AGR. ENG., 47, 2001 (3): 82-91



Composting plant of JENA company
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Fig. 8. NH, concentrations — composting plant of HUCUL farm, composting plant of JENA company

Comparison of results from both presented plants

At the both composting plants were measured emis-
sions of basic burden gases. The courses of the gases
concentrations are presented according to the gas type
for the both investigated composting plants always in
one figure, i.e. in Fig. 5 are compared N,O concentra-
tions, in Fig. 6 CH; concentrations, in Fig. 7 CO, con-
centrations and in Fig. 8 NH; concentrations. In Fig. 9
are compared total ammonia emissions.

It is evident from the results comparison, that compost
composed from leaves, grass and manure (336 g NHy/tof
compost) has different emission than such from horse
manure (504 g NHy/t of compost). These emissions are
comparable with emissions from the manure storage

RES. AGR. ENG,, 47, 2001 (3): 82-91

(e.g. pig manure 248 g NHy/t of manure), because during
following handling with manure or compost (field
spreading) the spread compost emissions are by 75%
lower than those of the spread manure. It is evident that
the nitrogen bond is confirmed by the composting pro-
cess and that the technological process is one of the pos-
sibility how to reduce emissions.

DISCUSSION
From all values found at both composting plants

a curve was constructed connecting the peak points
(max. values of ammonia emission) of particular curves,
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This curve demonstrates decreasing ammonia emis-
sions (reduction dynamic) after each turning. From this
graph is possible to determine the time when the pro-
cess of composting is no more a load for the environ-
ment. For better imagination there was found out
a theoretical course corresponding experimentally with
the found curve. In Fig. 10 are both the curves (experi-
mentally found and theoretically constructed on base of
created equation) entered into the graph.

It is apparent that for each pile the parameters of
the equation are different, but the curve shape is identi-
cal. By compilation of the set parameters for the most
used piles it is possible to determine the total emission of
the composting process with sufficient accuracy in ad-
vance.

These problems are still approached within the insti-
tute project Biomass utilization for industrial and ener-
getic purposes in the part Experiments establishment of
waste biomass composting for utilization of different
start substances and different composition of composting
pile, and gradually the knowledge base of load gases
generation will be created.

Composting is one of the possibilities how to decrease
the load gas emissions, particularly ammonia, from de-
gradable processes into atmosphere. The research pro-
jects will be useful for assessment of manipulation with
organic residua from agricultural activity in the scope of
the law on wastes and atmosphere protection.
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Kompostovani jako moZnost sniZovani emisi toxickych plyni, zejména amoniaku,

vznikajicich p¥i skladkovani hnoje

ABSTRAKT: Zakladem aerobniho kompostovani je biodegradace organické hmoty i¢inkem aerobnich mikroorganismi,
kombinovana s nékterymi dal$imi reakcemi, mezi které patfi zejména oxidace a hydrolyza. Aerobni proces kompostovani
potfebuje pfivod vzduchu a kysliku, nebot’ je to jedna z podminek efektivniho a rychlého procesu. Obecné plati, Ze se na
humifikaénim procesu podileji pfevazn& heterotrofni mikroorganismy, které degraduji organické latky a &st z nich oxiduji
az na CO, a H,0. Soudasn& dochézi k ¢dstecné vazb& dusiku a zvySuje se uZitna hodnota kompostu. Na zéklad¢ téchto fakti
Ize predpokladat, Ze kompostovéni je nejen vhodny zpusob zpracovéni exkrement hospodafskych zvifat a zbytkové bioma-
sy na kvalitni humus mimo pudni prostfedi, ale také mozZnost sniZovani ekologické zatéZe krajiny véetné snizovani emisi
zat&Zovych plyni. Proto byla provedena fada experimentt, které zjiSt'ovaly zévislosti vzniku emisi toxickych plyni, zejmé-
na amoniaku, v prib&hu kompostovaciho procesu.

Klitova slova: amoniak; emise toxickych plynl; méfici zafizeni; &idla; klima staje
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The batch process of maize drying by mobile drier

R. PawLica, P. KoVARICEK

Research Institute of Agricultural Engineering, Prague, Czech Republic

ABSTRACT: For reconstruction of technological lines for grain crops treatment are applied the mobile driers with batch process
of drying. The reason for this are favourable economical parameters. The purchase price and low operational costs enable rapid
investment return ability and provide to return the drying technology on the farms and thus to contribute to the prior production
competitiveness. The operational parameters of the drier MUF 70 were observed during the maize drying. Within the cycles of
filling, drying, cooling and unloading of the driers there was realized the kernel sampling to determine its temperature, moisture
content and germination, the operational sensors of drier, electricity meter and gasometer. At average dried matter 9.5% the
average unit temperature consumption was 2,888 kJ/kg of evaporated water. The kernel moisture content and temperature at
output from the drier were equalized. It proved the correct mixture of material during the drying process. The dried maize does
not show any flour or meal share nor any colour change caused by the thermal overload. The drying air temperature from 96 to
128°C enables to reach the high performance of drying, but the % hour corn exposition decreases the germinating ability under
10%. In normal business contact such treated corn for the feeding purposes is being evaluated as being of the top quality, without
any reduction of the mass or price.

Keywords: grain crops; dosing; drying; performance quality

The drier is the key machine of the technological line
for grain crops treatment. For the stationary post-har-
vest the drier is the dominant component of the whole
configuration, i.e. it determine the dimensioning of
transport routes, the reception capacity of the hopper or
receiving stand-by areas, the number and unit size of
handling containers.

It can be expected, that in a near future the post-har-
vest process of treatment will be liberated from the
rigid stationary solution by means of mobile machines
for post-harvest operations as for example mobile re-
ceiving hoppers, mobile cleaners or mobile driers. So-
lution of reliable and functional mobility for all com-
ponents of the line is a basic presupposition for imple-
menting such conceptions (PAWLICA 1997). It is evi-
dent, that the progress will be gradual, some components
will be able to be used in mobile form earlier than the
other ones.

The knowledge of practice confirm the presupposi-
tion, that for the mobile post-harvest treatment the most
suitable are the mobile driers with a batch system of
drying. It is so because the highest economical effect is
achieved when drying products with high content of
water, mainly maize and rape. Despite this fact, station-
ary driers are not used in the areas with prevailing
maize production. Thanks to the mobile type of driers
with batch operation it is possible to solve problems of
the maize and rape growers in a simple and rapid way.

This solution brings exceptional economical effects
because of its simplicity and independence upon other

components of the post-harvest lines (PAWLICA 2000).
There some exist suitable ways of the mobile drier ap-
plication into current situation of farm each having its
own advantages and disadvantages or limitations. The
model solutions may be characterized as follows:

I. Loading by front loader, unloading by trailer
(Fig. 1, model Cierny Brod)

This variant is a basic design layout. The MUF 45
drier has a receiving hopper for reception of maize
from the inter-storage on the free surface by front
loader. The transport from the hopper into the drier
processing chambers is provided by special rake con-
veyor with rubber carriers, the conveyor output is
40 tons per hour. After the filling the automated pro-
cess of drying is started, followed by the process of
cooling and machine stopping. The discharging is pro-
vided by the rake conveyor gradually loading the drier
content into the prepared trailer.

I1. Loading by tipper, transport to heap in the hall
(Fig. 2, model T¥ebovle)

The MUF 70 drier is equipped by receiving hopper
of capacity 1.5 m’. The width of the hopper 2.4 m is
linked with the transport system width (rear tippers)
constraintly. The drier direct filling by tipper through
the dosing chute situated in rear part is quite suitable
and within the terrain slope or loading platform of level
difference at least 0.3 m this system of filling is very
convenient.
~ The lorry may transport material either from the field
or from the inter-storage site situated in a distant hall. It

The results presented in this article were obtained within the approach of the Research project of the Ministry of Agriculture

No. EP 0960006500 and Research scope MZE M05-99-01.
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@ Fig. 1. The batch drying models —
mobile driers MUF

2 — drier MUF, 6 - front loader,
7 — tractor with trailer

means that the MUF 70 drier capacity 16 tons of corn
needs two lorries for 1 drying batch. The period of dry-
ing cycle for wet maize (moisture content over 30%) is
4-5 hours. This time is sufficient even for transport of
material from a remote contractor. The natural gas
burner connection pre-determines this variant for op-
erations at one place and material transportation from
the supplying territory.

After the drying and cooling of corn there is in this vari-
ant provided transport to the adjacent hall. For this pur-
pose is used a mobile conveyor (or set of such conveyors)
for dried material stacking to the height above 4 m.

The mobile drier application according to the model
Tiebovle is suitable for situations, when the enterprise
has properly large hall for planned storing capacity.
This hall may be used at the season beginning also for
material inter-storage between flow of material from

Fig. 2. The batch drying models — mobile driers MUF — model
Trebovle

1 — wet material reception, 2 — drier MUF, 3 — loading conveyer,
4 —storing hall, 5 — gas connection

RES. AGR. ENG., 47, 2001 (3)- 92-98

the field and drier. This variant is exceptionally suitable
for full utilization of the seasonal capacity of drier for
other customers when they can transport the wet maize
by their vehicles and to transport back the dried maize.
III. Accumulation of harvested corn into piles in the
hall, filling by loader, discharging by trailer (Fig. 3,
model Slatina)

The third variant of the mobile drier application
nearby the hall is unsuitable for long-term storage but
sufficient for material accumulation for night operation
or more-day supply for drying. In these cases the drier
is filled by front loader shovelling material from the
piles in the hall into the receiving hopper of the drier.

In that variant the heating medium is heating oil
stocked in a mobile tank. It enables to change the drier
position during the season or all the year in dependence
on the harvest level to dislocate it sometimes within

Fig. 3. The batch drying models — mobile driers MUF — model
Slatina

1 — wet material reception, 2 — drier MUF, 3 — unloading eleva-
tor, 4 — dry material transport, 5 — transporting tank with LTO
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Fig. 4. The batch drying models — mobile driers MUF — model
Cejé

1 — wet material reception, 2 — filling elevator, 3 — drier MUF,
4 —unloading elevator, 5— expedition hopper, 6 — gas connection
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one enterprise. Therefore the drier may dry rape at site
A, wheat at site B and maize at site D (example). The
dried product is transported by vehicles to a remote
store hall (e.g. trade company). To master a gradient
the conveyor must be used for material loading into
large capacity trailers or lorries.

IV. The reception into basket, filling by elevator,
discharging into expedition hoppers (Fig. 4, model
Cejd)

This variant solves the incorporation of the mobile
dosing drier into a current reconstructed post-harvest
line for drying of huge amounts of rape and grain
crops. Generally the drier change is not sufficient but
certain reconstruction of transport routes for loading
and unloading of drier is necessary due to the increase
of the nominal output to 60 t/h. For current lines the
original under-surface basket (hopper) may be used
also for the supply constitution in the front of the drier.

The drier can be heated by natural gas from distribution
network, by propane butane or by heating oil from station-
ary tank. The MUF drier location, in case it would dry
maize or sunflower; is suitable under shelter out of the
hall. During drying of these crops there is released
a huge amount of water vapour quite filling the hall space.

For unloading of the dried material there is used
a battery of expedition hoppers in this variant. For their
filling is used an effective bucket conveyor and distrib-
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uting pipe system or reverse belt conveyor. The expedi-
tion equipped by this technology is able besides mate-
rial loading into storage of the post-harvest line by
stationary conveyor also to transport material by the
large-capacity trailers, e.g. to the trade company.

THE MEASURING METHODICS

Both practical and laboratory tests were carried out
on the family farm Cejé. The farm is aimed to maize,
sunflower, feeding wheat and rape production.

The measuring methodics was adapted for the batch
process of the drier. During all the cycle there were mea-
sured temperature and moisture content of the maize ker-
nels each 3 minutes simultaneously with drier filling
(about 10 samples during the filling). After the start of
the drying, when material circulates in the drying shaft,
the sampling interval was 15 minutes and again 3 mi-
nutes in the discharging part of dricr. For each sample
was measured the moisture content by the apparatus
PFEUFFER HE 60 using the isomeric homogenizator
LABOMILL. After the drying the maize samples were
subjected to the airtight storage due to the temperature
decrease under 25°C and to obtain correct values of the
output moisture content.

The kernel temperature was measured by the calori-
metric method by means of the battery in the thermo
bottle. After the period of the post-harvest ripening
there was determined the germinating ability according
to the valid Standard CSN 46 1011, part 19 (for perox-
ide) in the laboratory of the Research Institute of Agri-
cultural Engineering. The operational parameters of
drying and cooling medium as well as the drier adjust-
ment were recorded by registration in 15 minute inter-
vals from the drier indicational devices.

The power consumption was found out by the electric-
ity meter, gas consumption for air heating was given by
the gasometer. The gasometer was equipped by auto-
mated compensation for barometric pressure and ambi-
ent temperature, thus the meter reading was given by the
normal consumption. The remaining farm consumption
screening was provided by measuring of the last
0.5 hour consumption before the burner ignition. In situ-
ation when the farm consumption was 3.84 m*h and the
drier consumption 45.25 m*/h (ratio 1:12) the data reli-
ability is very high. The random deviations non-exis-
tence was controlled by repeated consumption of the
farm,

The dried product weight was provided by the con-
tent weighing through the farms weigh bridge. The wet
material weight was calculated from the average mois-
ture data.

RESULTS OF MEASUREMENTS
Within the framework there were realized two suc-
cessful repeated measurements marked Test 1 and Test 2.

The Test 1 results will be evaluated by means of Table 1
and Fig. 5. The drying air temperature measured in the

RES. AGR. ENG., 47, 2001 (3): 92-98



Table 1. Results of practical and laboratory tests (Cejé 1999) maize MUF 140

Parameter Unit Measuring No. 1 Measuring No. 2
Material - maize maize
Drying air temperature — Duo 1 ¢ 126 128
Drying air temperature — Duo 11 °C 96 98
Time Duo — Term 1 hour 2.58 2.59
Time Duo — Term II hour 0.58 0.74
Cooling time hour 0.32 0.30
Idle time interval min 1.8 1.0
Filling time hour 0.35 0.33
Drying time hour 3.16 3.33
Unloading time hour 0.33 0.33
Cycle time hour 4.16 4.29
Wet filling kg 15,100 15,328
Dried filling kg 13.500 13,580
Evaporated water kg 1,600 1,748
Input moisture content — average % 11.19 23.00
Output moisture content — average % 12.97 13.09
Dried cake % 9.22 9.91
Drying output t.% 139.22 151.90
Power consumption per 1 cycle kWh 90.2 94.91
Gas consumption per | cycle nm? 142.9 144.36
Consumption per 1 t and 1% kW/(t.%) 0.648 0.625
Gas consumption per 1 t and 1% m?/(t.%) 1.026 1.035
Specific heat consumption KlJ/kg of evaporated water 2.992 2.767

first phase of the drying (automation Duo Term) was
126°C within 2.58 hours, then the burner was switched
to lower output — temperature 96°C within 0.58 hour.
Then followed the cooling part, where the drying cham-

ber was supplied by the ambient air of temperature 11°C.

The synthetic results of measuring may be observed

in Table 1:

ing ability (%)
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during the cycle there was evaporated 1,600 kg of
water, total average dried amount was 9.2%, total
output was almost 140 t.%,

total time of cycle 4.16 hours gives drier output

33.5 (t.%)/h,
power consumption

was 90 kW, specific consump-

tion 0.65 kW/(t.%) per 1,
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Fig. 5. The practical and laboratory
characteristics MUF 70, test No. |

95



— gas consumption per | cycle 142.9 m’, specific con-
sumption was 1.03 m® per 1 t and 1%,

— specific consumption 2,992 kJ per 1 kg of evapo-
rated water.

Test 2 was following the repetition of test 1, material
parameters were almost the same, other quantitative pa-
rameters were similar, second stage of Duo Term was
extended by 15 minutes, ambient temperature has de-
creased to 9°C. The measured temperature of drying air
was 128°C within 2.58 hours the first phase of drying
(Duo Term automatics), then the burner was switched
for lower performance — temperature 96°C within
0.74 hour. Then followed the cooling process when the
air of temperature 9°C was loaded to the drying cham-
ber.

The synthetic results of test 2 may be observed in
Table 1:

— during the cycle was evaporated 1,748 kg of water,
total average drying amount was 9.91%, total perfor-
mance 152 t,

— total cycle time of 4.29 hours gives drier perfor-
mance 35.4 (t.%)/h,

— power energy consumption was 95 kW, specific con-
sumption 0.62 kW/(t.%),

— gas consumption per 1 cycle was 144.4 m’, specific
consumption was 1.03 m® per 1%,

- specific consumption 2,767 kJ per | kg evaporated
water.

DISCUSSION OF RESULTS

The basic parameter changes within the drying pro-
cess may be observed in Fig. 5. The material tempera-
ture at input to drier was 17°C, afler drying start it has
increased significantly in 15 minutes interval to 48, 62,
78 and top value was 92°C, after the burner lower out-
put initiation it decreased to 84 and 73°C. The dis-
charging temperatures ranged between 46-36°C. This
temperature is relatively high for storage, nevertheless
the operator requested to decrease the time, because of

his dependence upon performance and he was relied on
the temperature decrease at the kernel spreading into
the storage hall.

The maize grain moisture content is given by the
curve in Fig. 5. The initial moisture content ranging be-
tween 20-24% corresponds by its dispersion to the
fresh harvested material. During the drying cycle is
evident a sudden decrease to about 16%. The operators
estimated correctly the Duo Term cycles ratio — from
the graph is evident the reduced speed of drying in the
post of lower temperature and finishing of drying dur-
ing the cooling process, which is of the same intensity
due to the inertial water diffusion from the kernel core
to surface. The output moisture — during the drier dis-
charging — is surprisingly equal within level 13-14%. It
gives evidence about appropriate material mixing dur-
ing the drying process.

The material temperature at the drier input was 17°C,
after the drying process beginning it adequately in-
creased in 15 minute intervals to 42, 67, 86 and the
value was 90°C, after the burner lower output it de-
creased to 83°C. The discharging temperature ranged
between 43-25°C. The maize kernel moisture content
is show by the curve in Fig. 6. The initial moisture is in
range 22-23%. During the drying cycle there is evident
the significant decrease to about 15% during the higher
temperature, during lower temperature the decrease
continually continued to level 14%. The output mois-
ture content — at drier discharging — is equal on level
12.5-14%.

The maize grain dried in Cejé is determined for feed-
ing purposes. The criterion of the quality maintenance
is a feeding experiment, despite its low reliability, cau-
sed by the biological effects. Therefore, in practice
there are used the derivated parameters signalizing qua-
lity influence.

As the exterior physical parameters are concerned it
is particularly the kernel homogeneity and resistance
against breaking during manipulation (GUNASEKARAN
et al. 1985). The comparison of the output material

ing ability (%)
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Fig. 6. The practical and laboratory
characteristics MUF 70, test No. 2
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Kernel heating (°C)

from current driers (e.g. type LSO — Chrlice) and the
material from the drier in Cejé the difference is quite
evident. The maize from Cej¢ does not present any
flour or meal share, is clear, full and without colour
changes. In common business contact such grain is
evaluated as the first class quality, without any mass or
price cut down.

From point of view of the maize quality the vitality
changes could occur during thermal overload and the
higher loading also can reduce effectiveness of the grain
enzymatic potential. It is known from practice that the
maize seed is much less resistant against heating in com-
parison with the small grain crops. The vitality is reliably
indicated by the germinating ability. The samples from
Cej¢ were exposed to germination tests — the results are
shown in the Test 1 a Test 2 characteristics (Figs. 5 and 6).
From the graphs is evident that just after the kernel heat-
ing, at exposition about 0.5 hour the significant decrease
of germination occurred. The following drying for
0.75 hour caused considerable loss of the level about
10% of residual germination.

The more detailed germination influencing by the ker-
nel heating is presented in Fig. 7, where the germination
decrease is presented in relation to the grain heating. The
input values of germination range on the level 100%, at
heating on 48°C the germinating ability decreased on
60%. At further heating on 62°C the germinating ability
decreased on 40% and almost complete germinating
ability loss occurred at temperature 78°C.

Of course, the germinating ability decrease is besides
the heating also caused by the exposition. The synthetic
knowledge may be formulated by opinion, that even in
the first third of the cycle occurs the considerable de-
crease of the germinating ability and that decrease con-
tinues with further drying, but the output material does
not drop down to zero value even when the exposition
still lasts.

The residual germinating ability after the drier pass-
ing through is kept in range 5-10% (PAWLICA 1997).
The germinating ability is an adequate parameter for

RES. AGR. ENG., 47, 2001 (3): 92-98
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Fig. 7. The kernel quali-
ty parameters during dry-
ing

seed stock. The maize seed stock has quite different
technology of its treatment (spikes harvest, slow spikes
drying in the frosty environment or in the (chamber
drier). Other crop according to the demanding is the
food maize, designated for starch production, where the
customers demand the germinating ability (because any
other operative parameter does not exist) on the level
50%. Nevertheless, starch may be successfully pro-
duced also from material with the germinating ability
25%. The requirement for 50% involves reserve of
other signs. For the feeding purpose the germination
parameter is insignificant but for our research analysis
it gives us a subsidiary assessment. The relationship
between the germinating ability and maize feeding ef-
fectiveness is out of this project possibilities. From the
realized analysis has resulted the knowledge, that the
drying process causes almost total loss of the maize
germinating ability, but for the feeding purposes this
loss is not significant.

CONCLUSION

New technological processes connected with the driers
mobility and with introduction of the closing drying as a
new technology brings also great economical benefits
for the primary producers. The first owners had opportu-
nity to make sure about exceptionally favourable eco-
nomical parameters of the new mechanization for drying
changing view on the drying technology, which has been
considered expensive and thus unavailable for the
primary production. This was caused by the price of
65 CZK per drying of 1 t by 1% of moisture content. But
the real price of the MUF driers is 15 CZK/t.%. These
economical facts return the drying technology back to
the forms and enable to our farmers a competitive grain
production with a high water content as e.g. rape, sun-
flower and maize.

The drier in Cej& was installed on 10. 7. 1999 and in-
fluenced the rape drying season. It dried 375 t of rape
within 11 days and interfered the harvest by drying of
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550 t of food wheat. The dried material of rape has
reached about 3% and wheat 2%. The drier MUF 70 has
reached under normal operational conditions on average
output 50 (t.%)/h. The daily output of the drier MUF 70
in Cej¢ was 1,200-1,500 t.%, at limiting conditions 600~
1,000 t.%. The maize drying season has continued to
17. 11, 1999. The total dried amount was 6,050 t. This
output corresponds with the need of concentrated agri-
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Davkovaci proces suSeni kukuFice mobilni susi¢kou

ABSTRAKT: Pro rekonstrukei technologickych linek pro oSetfeni zrnin se pouzivaji mobilni susi¢ky s davkovacim zpuso-
bem sudeni. Diivodem jsou pfiznivé ekonomické parametry. Nakupni cena a nizké operativni néklady umozituji rychlou
ndvratnost investice a zaji§téni ndvratu suSici technologie na farmy a pfispivaji tedy k vyrobni konkurenceschopnosti. Pra-
covni parametry sudicky MUF 70 byly sledovany v priib&hu suSeni kukufice. B&hem cyklu plnéni, suseni, chlazeni a vy-
skladiiovéani byly realizovany odbéry vzorki zrna pro stanoveni jeho teploty, vihkosti a kli¢ivosti, opera¢ni &idla susicky,
méfeni spotfeby elektrické energie a méfeni spotfeby plynu. Pfi primérné susiné 9,5 % byla primérna spotfeba susici jed-
notky 2 888 kJ/kg vypatené vody. Vlhkost zrna a teplota pii vystupu ze sudi¢ky byly vyrovnané. To dokazuje spravné mi-
chani materidlu b&éhem susiciho procesu. Usu$ené zrno nevykazuje ani Zadny podil mouky nebo $rotu, ani zménu barvy
zpusobenou vys3i teplotou. Teplota susiciho vzduchu v rozmezi od 96 do 128 °C umoziiuje doséhnout vysokého vykonu
sudeni, ale vystaveni zrna po dobu % hodiny sniZuje schopnost kli¢eni pod 10 %. Z obchodniho hlediska se takto o3etené
zrno pro krmné uéely hodnoti jako zrno nejvyssi kvality bez jakéhokoliv sniZeni hmoty nebo ceny.

Kliov4 slova: zrniny; davkovani; sueni; kvalita provedeni
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Storage of wet maize in sealed containers in CO, protective
atmosphere

P. Kroura, J. SKALICKY

Research Institute of Agricultural Engineering, Prague, Czech Republic

ABSTRACT: The aim of the research was to verify methods of the wet maize storage in CO, protective atmosphere sealed in the
Vitkovice containers of unit storage capacity 400 tons. The paper presents results of measuring of CO, development speed after
loading and sealing of the container and results of laboratory analysis of maize quality during container unloading. The loaded
maize moisture was 30-35%. The summarized results demonstrated, that quality of stored wet maize in sealed container and CO,
protective atmosphere depends mainly on fermentation process and speed of generation of sufficient amount of CO,. The deci-
sive are two days when fermentation start and CO, creation must be very rapid. The process must be finished within 10 days.
From measured figures resulted that within 11 months of storage the CO, concentration has decreased by 9.1%, i.e. t0 69.8% of
CO,. This concentration has ensured sufficient protection of stored maize corn what has been proved by the laboratory analysis

of corn for presence of undesirable microorganisms.

Keywords: scaled tower container; carbon dioxide; equalizing bag; CO, concentration; mycoflora determination

Maize is a very important common raw material for
the food industry and feeding. Large volumes of har-
vested, stored and treated maize cause a rise of new
problems. The importance of maize for nutrition is
given by its high content of nutrients and particularly
by its ability to be stored for a long time.

At present both feeding and food maize are treated at
current post-harvest lines with an insufficient technical
level. Great losses are obvious within storage of mainly
wet maize. This problem is solved in practice by post-
drying of maize for feeding to the storing moisture
level. But there is a problem with the costs for wet
post-drying which are increasing exponentially and this
aspect affects even the market price, of feeding mix-
tures.

The wet maize stored in the storage site produces
carbon dioxide and if the storage is air-tight then CO,
pushes out the air from the storage and prevents devel-
opment of undesirable bacteria and moulds which need
oxygen for their living. Searching for CO, in practice is
provided by *“gas lighter” (either burns or not), never-
theless this is a very primitive method. The CO, regula-
tion when corn is stored in the PE bags is performed by
the “artificially created hole” in the bag, CO, pushes
out the air and the hole is then glued. Therefore re-
search of main resources negatively influencing the
stored corn quality in CO, protective atmosphere must
be considered the most important and determination of
optimal CO; concentration and optimal technological
approach to the wet maize storage in air-tight contain-
ers are the basic research problems.

SYSTEM DESCRIPTION

The storage of maize at storage moisture up to 35%
is based on the process of fermentation which occurs in
the non-dried kernels, e.g. harvested grain maize, when
a huge amount of maize is stored in the air-tight con-
tainers. The stored kernels produce CO, by their respi-
ration and generate a protective atmosphere above the
stored kernel layer CO, being heavier than air. The fer-
mentation process causes conservation of stored maize
and keeps its value. CO, in the storage space pushes
out the air and then starts the process of self-conserva-
tion of stored maize when the harmful bacteria and
moulds development is impossible (without air supply).
That is why the basic requirement for a successful con-
servation of wet maize is to ensure the sealed storage
space to maintain optimal amount of CO,.

Containers, silos and towers can be built from steel,
enamel, reinforced concrete or other material the con-
tainer size being arbitrary. The maize loading into con-
tainer can be made from the reception container by
bucket elevator and gravity pipe, pneumatic manipulator
or special device. A part of this technology is the equal-
izing bag for accumulation of higher content of CO, situ-
ated close to the container and connected by pipe to the
container. CO, regulation between container and equaliz-
ing bag is ensured by regulating valve which controls the
adjusted pressure and reacts on temperature inside the
storage room. The grain unloading is solved by stainless
auger conveyer situated in bottom of the container. From
the outer side it is equipped by the air-tight closure.

The results presented in this paper were obtained during solution of the Research project of the Ministry of Agriculture of the

CR No. EP 7273.
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When the pressure drops under 0.03 Mpa, during un-
loading CO, is automatically refilled through the regu-
lating valve from the equalizing bag to the container.

METHOD

The goal of the research was to verify the method of
maize and feeding wheat storage in CO, protective at-
mosphere in sealed containers of Vitkovice type of unit
storage capacity 400 tons.

The research was aimed into:

— investigation of protective atmosphere generation
speed after loading and container sealing,
— investigation of maize quality during unloading.

For finding out of the protective atmosphere quality
there was used the infra-red analyzer of carbon dioxide,
oxygen and relative humidity Air-XX, purchased for pur-
pose of this research. The storage atmosphere analyzer en-
ables measuring of CO, concentration on two levels,
oxygen and relative humidity. The obtained data are
stored in the memory of the infra-red analyzer with capac-
ity 4,000 records and with ability to transfer data into PC.

The measuring method is based on the CO, amount
searching in various levels of the tower silo specially
adapted for measuring by installation of discharging
valve and complex of PE pipes reaching different lev-
els (container heights). This solution enables perma-
nent sampling and control of protective atmosphere
level during whole period of maize storage in con-
tainer.

The speed of protective atmosphere generation was
investigated by continual measuring of CO, content in-
crease in tower container after its filling up by maize.
For the measuring there was again utilized the analyzer
Air-XX. The protective atmosphere generation process
was evaluated and displayed in tabular and graphical
form.

For the maize quality verification after its unloading
the samples were analysed to find undesirable micro-or-
ganisms, moulds and bacteria. The analysis was pro-
vided by the laboratory Research Institute of Crop
Production Prague-Ruzyné. There was performed quan-
titative evaluation according to factor CFU (colony
forming units) per 1 gram of tested sample of maize and
qualitative evaluation for finding of isolated
micromycetes.

MAIZE KERNEL

The micromycetes isolation was carried out by means
of surface mycoflora rinsing. Twenty kernels were in-
serted into Ehrlenmayers flask (volume 300 ml) with
100 ml of sterile water and one drop of humectant
(tween 20). The flask was shaked about | hour on shak-
ing device Elpan at speed 230 c.p.m. From the flask
was discharged 0.5 ml sterile cleanings, then followed
the grinding in Petri dish with nutrient medium.

Other method of micromycetes isolation was cultiva-
tion of kernels in wet chambers. The incubation was

100

performed always in darkness at 21°C in climabox. Af-
ter four days was carried out quantitative evaluation
and after six and more days qualitative evaluation and
micromycetes isolation into clean culture.

Used nutrient media

Malt agar (MEA) - 3%; pH 6.8:

composition: see JESENSKA (1993); application: iso-
lation and determination of brightly coloured micro-
mycetes.

Malt agar (MEA) - 3%, pH 4.5:

composition: see JESENSKA (1993); application: iso-
lation and determination of brightly coloured acidophil
micromycetes.

Potato-carrote agar (PCA):

composition: see JESENSKA (1993); application: iso-
lation and determination of dark coloured micro-
mycetes.

Soil agar (SEA):

composition: see JESENSKA (1993); application: iso-
lation and determination of dark coloured micromy-
cetes. Notice: Streptomycin for bacteria growth reduc-
tion was added to all nutrient media.

RESULTS

The research was focused to operative investigation of
function and tightness of tower containers adapted maize
corn storage in protective atmosphere, CO, content dur-
ing all storage time at simultaneous gradual unloading of
maize. The loaded maize humidity was 30-35%, unit
storage capacity of tower container 400 tons. The tower
container was loaded up and sealed on 20. 10. 1998.
During the rest of the year it was kept in rest. The maize
unloading started in February 1999, when the average
month discharge was about 60 tons up to the total dis-
charging of the container on 25. 8. 1999. The course of
CO, concentration change in dependence on storage
time and maize kernel weight in container is presented in
Table 1.

Table 1. CO, concentration change course in dependence on time
and weight of maize stored in container

CO, content

Month/year Yy S poED Weight (t)
October 1998 78.9 58.9 400
November 1998 75.5 58.8 400
December 1998 72.0 58.6 400
January 1999 72.3 58.6 400
February 1999 71.9 58.2 350
March 1999 72.3 58.2 290
April 1999 71.8 58.2 230
May 1999 70.6 58.0 140
June 1999 70.5 58.0 110
July 1999 70.1 57.9 50
August 1999 69.8 572 —*

*unloading finished on 25. 8. 1999
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Fig. 1. Treatment and storage of wet maize in CO, protective
atmosphere in sealed containers

1 — maize reception, 2 — bucket elevator, 3 — maize container,
4 - regulating valve CO, 5 — CO, bag, 6 — unloading auger
conveyer

The measuring points (A, B) were chosen to character-
ize the CO, concentration course within all volume of
the container. Thus point A was chosen in the conical
part of the container, point B in upper part of the con-
tainer mantle (i.e. in the level of maize loading height).
The distance A-B was at wholly loaded container
16.5 m, by gradual unloading this distance has become
shorter in such a way, in order to CO, concentration
finding would always be during unloading about 1 m

above the stored maize layer. The presented CO, concen-
tration figures are always given by average value of
3 measurements of each month.

The measured values have proved that maize can be
stored successfully in the protective atmosphere within
all the year. During investigation of maize storage in
sealed container within 11 months the CO, concentra-
tion has decreased only by 1%. Concentration 69.8% of
CO; on the end of storage period ensured sufficient
protection of stored maize because its qualitative analy-
sis for undesirable micro-organisms presence was satis-
factory.

SPEED OF THE CO, PROTECTIVE
ATMOSPHERE GENERATION AFTER
CONTAINER LOADING AND SEALING

For investigation there was again used the same tower
container which after discharging in August 1999 was
cleaned, technological devices for maize loading and un-
loading were checked. In such way the container was
prepared for maize storage of harvest 1999. The harvest
was performed in the period of 14.-17. 10. 1999 by
combine harvesters CLAAS Mega. The tower container
was loaded and sealed on 18. 10. 1999 when started the
measuring of the CO, protective atmosphere develop-
ment. The measuring was carried out again at two points:
— Measuring point A at maize output from tower con-

tainer close to the gas-proof flap of the discharging

auger conveyer.
— Measuring point B in upper part of the container
mantle (above surface of stored maize).

The time interval of measuring was 4 hours, mea-
sured values are presented in Figs. 2 and 3.

The measured results demonstrate that:

— Within perfectly harvested and stored maize occurs

a rapid fermentation and development of CO,.

— After 48 hours (2 days) the whole space of the tower
container was filled by sufficient amount of CO,.

— At the end of the 10" day of storage the CO, concen-
tration was about 80% and within further storage the

2 ARNEEEE B ;:-LT’Y [
1811 &measuring point A T T »
{1 | gt
1647 Mg pin B ENE 3=
14 - - R i
| "i} l -
= 12 + 11 t —
510 Ll mi_f'_x-"j. _| =l
8 L L L T L LT
81 | 1 + | | >Ll‘ N
5 P 0 O e — P Ly b
s I L% - l 11 I g
4 | ! L L ! o 1
e T
=TT R REEERE g e i B
ges- s dANERENRRRRENRNRENNY NERNARNNARNNAED
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Y,=0.2558x - 02753
7= 0.9906

Y,=0.3646x +0.0753
Fye= 09935

Fig. 2. Development of CO, protective atmosphere within first two days
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Fig. 3. Development of CO, protective atmosphere during fermentation (1 + 10 days) and further during storage

(10 + 40 days)

concentration was almost constant. The fermentation
process was in progress until the 10" day.

— It was not necessary to refill the CO, protective gas
from bottles.

LABORATORY ANALYSIS OF MAIZE STORED
IN SEALED CONTAINER - MYCOFLORA
DETERMINATION

Sample: fresh maize kernels from harvest
Quantitative evaluation: 1,362 CFU (colony forming
units) of fibre microscopic fungi/l gram of fresh maize
kernel (A: 1,314 CFU/I gram, B: 1,409 CFU/I gram).
Qualitative evaluation:
Isolated micromycetes:
Zygomycetes class 62.7%
Milk white mycelium — so far sterile, not determined 14.7%

Cladosporium (herbarum, cladosporides) 13.2%
Penicillium sp. div. 4.7%
Alternaria sp. div. 2.2%

Epicoccum + bright sterile mycelia not determined 2.5%

Sample: Maize kernels after 120 days of storage in
CO, protective atmosphere

Quantitative evaluation: 866 CFU of fibre micro-
scopic fungi/1 gram of maize kernel

Qualitative evaluation:

Isolated micromycetes:
Zygomycetes class less than
Penicillium sp. div.

Aspergillus sp. div.
Wet chambres:

Zygomycetes class
Penicillium sp. siv.
Aspergillus sp. div.

After 5 days the kernels were strongly covered by
colonies of above mentioned micromycetes.

It was proved by samples evaluation after 120 days
of storage that:

1.0%
98.1%
1.3%

102

~ Stored maize quality in CO, protective atmosphere
is very good. CO, protective atmosphere has almost
liquidated undesirable micromycetes of Zygomy-
cetes class and in contrast supported development of
Penicillium sp. div. Micromycetes.

— The unloaded maize should be processed in short
time (e.g. milling, crushing e.t.c.) and immediately
used in form of macrocomponents in feeding mix-
tures. The longer storage period supports develop-
ment of undesirable microorganisms.

— It is possible and more suitable to store maize in CO,
protective atmosphere of higher harvest humidity
30-35%. In contrary the lower humidity under 20%
makes the fermentation process slower.

DISCUSSION

Evaluating the summary results, we can claim, that
stored wet maize quality in sealed container in CO,
protective atmosphere dependens on fermentation
course and speed of sufficient CO, amount. As most
important are considered first two days when fermenta-
tion starts and CO, creation is very fast. The process
should be finished within 10 days.

The basic and decisive condition for wet maize stor-
age in CO, protective atmosphere is the air-tight stor-
age in container. In contrary case there occurs the
leakage of created CO,, it is necessary to supply it into
container from other resources what significantly in-
creases operational costs of that technology.

The measured values demonstrate that the wet maize
can be stored in CO, protective atmosphere success-
fully within all the year around, during 11 months the
CO; concentration has decreased by 9.1%. The CO,
concentration 69.8% at the end of the storage period
ensured sufficient protection of stored maize. This con-
clusion resulted from laboratory kernel quality analysis
related to the undesirable microorganisms.
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Skladovani vlhkého kukuFi¢ného zrna v hermeticky uzavienych zdsobnicich v ochranné
atmosféie CO,

ABSTRAKT: Cilem vyzkumu bylo ové&feni metody skladovani vihkého kukufigného zrna v ochranné atmosféte CO,
v hermeticky uzavienych zdsobnicich Vitkovice o jednotkové skladovaci kapacité 400 t. V praci jsou uvedeny vysledky
méfeni rychlosti vyvinu CO, po naskladnéni a uzavfeni zésobniku a vysledky laboratornich rozborii kvality kukufice pfi
vyskladiiovani. Vlhkost naskladiiované kukufice byla 30-35 %. Zhodnotime-li souhrnng ziskané vysledky, Ize konstatovat,
Ze kvalita uskladnéného vlhkého zrna kukufice v hermeticky uzavieném zdsobniku v ochranné atmosféte CO, zavisi prede-
viim na pribéhu fermentace a rychlosti vytvofeni dostate¢ného mnozstvi CO,. Rozhodujici jsou dva dny, kdy néstup fer-
mentace a tvorba CO, musi byt velmi rychla. Proces musi byt ukon&en asi do 10 dnli. Z naméfenych hodnot vyplyva, Ze za
dobu 11 mésict skladovéni se sniZila koncentrace CO, 0 9,1 %, tedy na 69,8 % CO,. Tato koncentrace CO, zajistila je§t&
dostateénou ochranu uskladnéného kukufiéného zrna, coZ dokumentuji laboratorni rozbory kvality zrna na pfitomnost nezé-
doucich mikroorganismi.

Klitov4 slova: hermeticky uzavieny véZovy zésobnik; oxid uhli¢ity; vyrovndvaci vak; koncentrace CO,; stanoveni myko-
flory
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Optimal drying of energetical wooden chips

P. HurLA, V. SLADKY

Research Institute of Agricultural Engineering, Prague, Czech Republic

ABSTRACT: In the Czech Republic are built-up considerable volumes of large-capacity haylofts which are not exploited in
consequence of the cattle number decrease. They can be used for post-drying and storage of bioenergetical raw material, e.g.
energetical wooden chips. There were compared two methods of drying ventilators control in the large-capacity hayloft mutually
with regime of time switching during chips drying. Both methods are derived from the values of input or output relative air
humidity. The power consumption for ventilators drive practically does not depend on the method of their control but signifi-
cantly decreases at a high humidity of input air as compared with time switching of ventilators, this occurring from the value of
the input of relative air humidity of about 50%. The management method or time switching have no effect on the result of drying,
i.e. moisture reduction in dried material. Under operative conditions there was investigated the possibility of energetical wooden

chips drying in the large-capacity hayloft.

Keywords: drying; energetical chips; large-capacity hayloft; ventilator control

In the Czech Republic there is a certain part of un-
utilized capacity of the large haylofts. These storage ca-
pacities were built in the 70s and 80s and have storage
volumes of 6,000-8,000 m® of hay. Their number and
total capacity were considered for the cattle number of
the respective period. The haylofts construction is ei-
ther steel with roof and alluminium or galvanized coat-
ing, or reinforced prefabricated facilities with wooden
roof structure. Their standard technological equipment
are floor grates with axial ventilators and a crane path
with a fork grab crane.

Typical dimensions of these haylofts are: width 16—
18 m, length is a multiple of the 6 m module, e.g. 66 m,
clearence height about 10 m. The cattle number reduc-
tion within past 10 years resulted in lower utilization of
that haylofts for hay post-drying and storage. In 1989
the total number of cattle was about 3.5 mil. but up to
present days it was reduced to less than a half of that
amount. The large haylofts capacities are therefore at
present either unused, or are being used for other pur-
poses. In addition, the hayloft is normally loaded dur-
ing summer and then is gradually discharged within the
year. Even when the hayloft is completely filled-up ev-
ery year its average volume utilization for feeding ma-
terials is only 50% within the year.

As an alternative utilization there was considered the
possibility of post-drying and storage of bio-energetical
raw material, e.g. energetical wooden chips. An advan-
tage of such solution is the use of current technology,
i.e. grates, drying ventilators and cranes. This technol-
ogy needs relative simple adaptation. The grates and
crane grab have to be adapted to small dimensions of

the chips to avoid their sagging during manipulation
and storage on the grates. The ventilator operation
should be optimized to reach an effective drying at
minimum power consumption.

Similar systems specially constructed for energetical
drying of chips were published (OBERHUBER, SIMA-
DER 1999).

The bio-energetical raw materials drying before their
combustion is suitable or necessary due to energetical,
economical or operational purposes (KARA et al. 1995).
The suitable moisture content (w.b.) value of energetical
chips is about 20-30%.

The drying processes controlling is in principle similar
to forage drying. Basically this is a typical plant with de-
cisive controlling process. The regulation systems of
drying ventilators were developed in the past from
a simple analogous models with activity derivated from
material (hay) temperature and input air relative air hu-
midity measuring. Basically the function of these sys-
tems consists in principle in the activity of ventilators in
the time when the input relative humidity of forage is
lower than the balanced air humidity and forage mois-
ture content, what is given by the known physical depen-
dence (SLADKY et al. 1985). The more sophisticated
systems are based on the micro-processor regulators
with measuring of air humidity discharged from hay.

The problem of technical applications always was the
insufficient accuracy and sensor reliability for relative
air humidity scanning. As absolutely unuseable are rec-
ognized the air humidity meters and those based on the
animal skin dilatation. The capacity sensors also are
unsuitable for presented purposes because of their low

The study was supported by the National Agency for Agricultural Research through the Grant No. EP 7075 Optimal Processes

During the Energetical Crops Post-Drying.
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reliability and time instability and necessity of their
regulator calibrating. In principle the convenient solu-
tion seems to be the psychro-meters utilization but only
those of high operational reliability.

Very interesting way of controlling based only on the
input air temperature measuring is described in
PERTUSEVICIUS (1997a), based on the fact, that in dusty
and dirty environment all current sensors of relative air
humidity were unuseable. It was found out that in the
given climatic region (Lithuania) in June, when air tem-
perature is higher than 14.3°C, it is possible to use this
controlling method for hay drying. The improved con-
trolling method is based on the input and output air tem-
perature measuring (PETRUSEVICIUS 1997b). The
drying intensity is described according to these both
temperatures difference under certain conditions.

The second method of the drying process consists in
the input and output air humidity investigation (HUTLA
et al. 1997). During the drying process when the dried
material loses water, the absolute air humidity of output
air must be higher then that of the input air. This condi-
tion expressed matematicaly is

(P.'>(P=+A(P

where: @, - relative humidity of input air,
@; - relative humidity of output air,
A - difference of relative air humidity.

(%)

Because @, value finding in the point of air output is
difficult to implement the output air parameters are
found out during ventilators reverse run after convenient
time pause within scanning by an identical sensor as @,.

In practice has been shown, that sorption dependence
of wooden chips allow even simple methods of drying
processes controlling. For example from the sorption
curves of poplar chips (STENCL 2000) is evident that at
a drying relative air humidity @, = 65% there is pro-
vided a drying process with requested value of water
content in material. On this fact the proposal is based
of the controlling method of hay drying by outdoor air
(STENCL et al. 1999). The interval controlling logical
structure is based on ambient relative air humidity. If
its value is lower than the in advance adjusted maxi-
mum allowed value corresponding with stored material
balanced moisture, than the post-drying is always pos-
sible when the ventilator is switched-on. If the relative
air humidity has reached a higher level than those ad-
justed in advance, the aeration process becomes the
material temperature function. If the temperature is
lower than the allowed one (usually in range 34-39°C)
the ventilator is switched-off, if the temperature is
higher the aeration is launched.

OBJECTIVES

This work is focused on the comparison of two con-
trolling methods, i.e. mutual switching of the drying
ventilators in the large-capacity hayloft with regime of
time switching. The dried material are energetical chips
from poplar plantation.

RES. AGR. ENG,, 47, 2001 (3): 104-109

The purpose is to compare energy consumption of
different controlling regime and effect on the drying
process behaviour.

MATERIAL AND METHODS

For drying of energetical chips were chosen three
methods of active ventilation system controlling com-
pared from the point of view of drying properties and
necessary energy. The dried material are fresh chips
from energetical poplar plantation. Used was hybrid
Populus maximoviczii x Populus nigra, clone numbers
J-104 and J-105. The trees age was 4 years, trunk di-
ameter to 12 cm. The chips particles size was to 8 cm,
medium length 2.7 cm. Starting moisture (w.b.) was
49.9%.

The drying process was implemented in the large-ca-
pacity hayloft of Agrotel, joint stock company — farm
Chrastany, where one drying bay was reserved for ex-
perimental purposes. The ground plan dimensions
of that bay are 18 x 6 m. The drying grate in this bay
is divided into three particular sections. Each of the
sections is self-supporting and bedded on four power
sensors M 203, manufacturer Rukov — Rumburk.
Scheme of the sensors placing is shown in Fig. 1. For
the ground stabilization are used the steel rods of circle
cross-section, 1 m long, connecting grate with the base.
These rods are horizontally placed under the grate.

Each section of the drying grate is individually bal-
anced and information about its weight is available
continually. The peak moisture (w.b.) in measured ma-
terial can be found out the peak by the formula:

where: m, — dry matter weight in dried material (kg),

m, — water weight in material (kg),

m, — drying grate section and dried material weight

(kg),
my — drying grate section weight (kg).
Each section is ventilated by an axial ventilator charg-

ing the outdoor air into the undergrate space. The
undergrate space is divided by two partitions to avoid

1800 y

= STABLIZING ROD o POWER SENSOR M 203

Fig. 1. Scheme of drying grate (ground plan) and its placing on
PpOWwer sensors
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Fig. 2. Power consumption of drying ventilators drive in depen-
dence upon drying relative air humidity during drying of fresh
energetical chips

affection the charged air under each section by the air
from adjacent sections. In two sections is installed sensor
of relative air humidity in undergrate space. It is a psy-
chrometric gauge developed by the Research Institute of
Agricultural Engineering in Prague with converter of
type 9206. The output is a current signal 0-20 mA. The
controlling methods, i.e. ventilators switching in particu-
lar sections are as follows:

Regime I:

The ventilator is switched on by the time switcher in in-
tervals 8.00-9.30 o’clock; 10-12 o’clock; 12.30-14.30
o’clock; 15-17 o’clock (MET), totally 7.5 hours a day.
Regime 2:

The ventilator is switched in the same time intervals
as in regime 1, but only under condition, that relative
humidity of outdoor, air i.e. input drying air ¢. < 65%.
Regime 3:

The ventilator is switched on in the same time as re-
gime 1 a 2, but only under condition, when relative hu-
midity of air getting out from material is @; > @. + 2%.
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Fig. 3. Material moisture (w.b.) change in dried fresh energeti-
cal chips

The ventilator switching in regime 2 is technically
provided by simple comparative regulator. Information
on value ¢, is being acquired by psychrometric sensor
in undergrate space. The ventilator switching in regi-
me 3 is technically provided by microprocessor regula-
tor MRS 12 of A.P.O. — Elmos company. Information
on input and output relative air humidity is being ac-
quired by psychrometric sensor in undergrate space.
The ventilator is switched on in intervals of 0.5 hour
and the @, value is found out. Then the ventilator is
switched in reverse run and thus the undergrate space is
filled by air passing through the dried material layer.
The relative air humidity value acquired by the psy-
chrometric sensor in undergrate space is substituting @,
value (NEUBERGER, HUTLA 1996).

Within the drying time, i.e. from 8 to 17 o’clock of
MET the relative air humidity was measured within
ambient environment. From the measured values was
computed an average value for morning (M) and after-
noon (A) moisture.
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Table 1. Drying of fresh energetical poplar chips according to particular regimes (1, 2, 3)

Moisture content (w.b.)

Moisture content of material

Power consumption

Date® Doy of material (%) change (%/d) for ventilator drive? (%)
1 2 3 1 2 3 1 2 3

28.8.M 73 49.9 49.9 49.9 3.2 3.1 4.2 100 4 11
28.8. A 84 46.7 46.8 45.7 1.9 20 3.1 100 4 9
29.8. M 97 44.8 44.8 42.6 1.5 23 2.7 100 3 S
29.8.A 86 433 425 39.9 2.6 29 3.6 100 4 8
30.8.M 56 40.7 39.6 36.3 7.5 72 6.0 100 63 60
30.8.A 47 332 324 30.3 11.1 10.3 8.9 100 100 100
31.8.M 68 221 22.1 214 14 1.9 1.6 100 30 32
31.8.A 73 20.7 20.2 19.8 1.6 2.1 1.8 100 52 59
1.9.M 60 19.1 18.1 18.0 24 23 2.0 100 62. 65
1.9.A 76 16.7 15.8 16.0 1.8 1.9 1.9 100 68 70
2.9.M 77 14.9 13.9 14.1 0.3 0.1 0.0 100 4 2
2.9.A 87 14.6 13.8 14.1 0.0 0.0 0.1 100 3 3
3.9.M 75 14.6 13.8 14.0 0.0 0.0 0.0 100 4 4
3.9.A 66 14.6 13.8 14.0 0.4 0.2 0.2 100 3 2
4.9.M 62 14.2 13.6 13.8 0.3 0.2 0.3 100 41 43
4.9.A 48 13.9 13.4 13.5 1.0 0.9 0.8 100 100 100
5.9.M 53 12.9 12.5 12.7 0.6 0.6 0.5 100 68 67
5.9.A 47 12.3 11.9 12.2 0.9 0.9 0.8 100 100 100
6.9.M 72 114 11.0 114 0.0 0.0 0.1 100 7 4
6.9.A 54 114 11.0 11.3 0.5 0.5 0.6 100 100 100
7.9.M 63 10.9 10.5 10.7 0.3 0.2 0.2 100 40 31
7.9.A 57 10.6 10.3 10.5 0.4 0.5 0.4 100 100 100
8.9.M 60 10.2 9.8 10.1 0.2 0.2 0.2 100 60 59
8.9.A 46 10.0 9.6 9.9 0.4 0.4 0.3 100 100 100
9.9.M 54 9.6 9.2 9.6 0.2 0.2 0.2 100 75 72
9.9.A 41 9.4 9.0 9.4 0.3 0.2 0.3 100 100 100
10.9.M 47 9.1 8.8 9.1 0.3 0.2 0.3 100 100 100
10.9. A 38 8.8 8.6 8.8 0.4 0.3 0.4 100 100 100
11.9.M 54 8.4 83 8.4 0.1 0.1 0.1 100 82 79
11.9. A 37 83 8.2 83 0.2 0.2 0.2 100 100 100
12.9.M 49 8.1 8.0 8.1 0.1 0.1 0.1 100 78 78
12.9.A 41 8.0 7.9 8.0 0.1 0.1 0.2 100 100 100
13.9.M 51 7.9 7.8 7.8 0.1 0.0 0.1 100 80 81
13.9.A 40 7.8 7.8 7.7 0.1 0.1 0.1 100 100 100
14.9.M 44 T 7074 7.6 0.1 0.1 0.1 100 100 100
14.9. A 32 7.6 7.5 7.5 - - -

"Morning or afternoon before start of measuring

YRelated to ventilator consumption in regime |

M (morning) 8-12 o’clock of MET

A (afternoon) 12.30-17.00 o’clock of MET

For every half-day the drying process determined

moisture (w.b.) of dried material, moisture change of

material and power energy amount consumed for venti-
lators drive and presented value of outdoor relative air
humidity.
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RESULTS AND DISCUSSION

The drying was performed from 27. 8. 1999 to
14. 9. 1999 simultaneously in the three sections of drying
bay of the hayloft. In every section were used for drying
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Fig. 4. Power consumption of drying ventilators drive in depen-
dence upon water content change in dried energetical chip

two ventilators VE 630/2. Amount of stored fresh chips in
one section is 3,780 kg, height of their layer is about
0.4 m.

The measuring results are presented in Table 1. In
Figs. 2, 3 and 4 are presented some dependencies of the
drying process in graphical form. The power consump-
tion dependence in Fig. 2 was substituted by exponential
function so for regimes 2 and 3 no values of full power
consumption were included in the graphs design at low
relative air humidity. The resulting graphs for regimes
2 and 3 are valid for values situated between point of in-
tersection with the graph of regime 1 for inerasing val-
ues of air humidity. The moisture change of material in
Fig. 3 was approximated by logaritmic function and de-
pendence in Fig. 4 by linear function.The graphical de-
pendences in mentioned figures are divided into three
parts according to moisture (w.b.) in dried material.

From dependence in Fig. 4 resulted that drying re-
gimes 2 and 3, i.e. two methods of drying ventilator
controlling do not vary in fact as concerns the effect on
the power consumption. In contrast, very considerable
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Fig. 5. Time dependence of fresh energetical chips drying course

result is evident against regime 1 when at the high rela-
tive humidity of outdoor air, characterized there by low
loss of water the power is applicated without any effect
on the drying process. The similar conclusion can be
derived from Fig. 2 where from a certain value @,,mi,
situated closely to the value of 50% a considerable re-
duction of power consumption occurs in regimes 2 and
3 which do not differ each from the other. From the
graphs in Fig. 3 is evident, that the drying ventilator
controlling method has not any effect on the drying re-
sult, i.e. on the moisture and its reduction in dried ma-
terial.

From Table 1 was created a graph of time depen-
dence of drying process presented in Fig. 5. There is
again evident a very similar course of moisture reduc-
tion in dried material without dependence on the re-
gime of drying ventilators controlling. But since 6. 9.
there were very convenient meteorological terms for
drying — the outdoor relative air humidity was signifi-
cantly lower than 65%. The moisture (w.b.) of material
was lower than 12% and the ventilators were switched
on coincidentally, i.e. within the whole time of switch-
ing by time switcher.

CONCLUSION

Under operative terms there was verified the possi-
bility of bioenergetical material drying, espec. chips
from energetical poplars plantation in a large-capacity
hayloft. For drying ventilators controlling is necessary
to eliminate forced ventilator by too wet outdoor air
which has a negative impact on the power consump-
tion. The both chosen regimes of ventilator switching
are derived from drying air parameters. The difference
between both regimes in the effect on the power con-
sumption has not been proved, but significant is a dif-
ference in comparison with non-controlled ventilation.
The power consumption reduction in the controlling
drying was evident during the period of late summer at
average relative air humidity in the range above 50%.

During the experiments no effect of the ventilator
controlling method including its time switching without
dependence on the drying air parameters was proved
on the drying intensity.
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Optimalizace suSeni energetické dfevni $tépky

ABSTRAKT: V Ceské republice jsou vybudovany zna&né objemy velkokapacitnich seniki, které se v disledku poklesu
stavii skotu nevyuzivaji. Je v nich mozné dosouset a skladovat bioenergetické suroviny, napf. energetickou 3t&¢pku. Byly
porovnavény dva zpusoby fizeni suSicich ventilatorli ve velkokapacitnim seniku navzajem s reZimem ¢asového spinani pfi
sudeni energetické dievni §tépky. Oba zpisoby Fizeni jsou odvozeny od hodnot relativni vlhkosti vstupniho, pfip. vystupniho
vzduchu. Spotieba elektrické energie pro pohon ventilator prakticky nezavisi na zplsobu jejich fizeni, av8ak vyrazné se
snizuje pii vysoké vlhkosti vstupniho vzduchu oproti ¢asovému spinani, a to od hodnoty relativni vlhkosti vstupniho vzdu-
chu asi 50 %. Zpisob fizeni &i &asového spindni pfitom nemd vliv na vysledek sudeni, tedy na sniZovani obsahu vody
v sueném materialu. V provoznich podminkéach byla ovéiena moZnost suSeni energetické dfevni $tépky ve velkokapacitnim
seniku.
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Operation and emission parameters of tractor engine at
rape oil ethyl esters application as alternative fuel

J. Boucek!, J. KARra?

'Czech Agricultural University, Technical Faculty, Prague, Czech Republic
*Research Institute of Agricultural Engineering, Prague, Czech Republic

ABSTRACT: The study describes results of smokiness and emission measurement of Zetor 7701 unadjusted compression
ignition engine operating on alternative fuel (ethyl ester of rape oil — REE) and diesel oil. As following from comparison
of emission and smokiness (according to EHK 41 and EHK 21 standards), the impact of rape oil ethyl ester is favourable
by decreasing smokiness and the whole harmful components (COM, NO M, HCM, CM). Resulting assessment of the
13-points tests by weighted average of emission parameters has already shown surprising effects of REE additives into
diesel oil in 5% concentration, when decreasing the whole noxious substances in 4-10% range. The most favourable effect
was reached for 100% pure REE with 50% decreasing carbon monoxide emission (COM). Positive results of experimental
blends of NM + REE and purc REE from the point of view of harmful components of tractor engine emission show that its
application in practice is possible. The most favourable effect was reached for 100% pure REE with 50% decreasing car-
bon monoxide emission (COM). Positive results of experimental blends of NM + REE and pure REE from the point of
view of harmful components of tractor engine emission show that its application in practice is possible. It is, first of all,
necessary to manage high-quality REE production (sample used from experimental production did not have good quality)
and to guarantee an economic rentability of REE production.

Keywords: tractor engine; rape oil cthylester

b) it does not concern homologation the test of trac-
tor engine,

c) in practice, share of tractors use in agriculture
transport is growing, that is why thirteen-point test is

One of possibilities of fermented ethanol (bioethanol)
use for motor fuel production is ethanol processing on
rape oil ethyl ester (REE). REE is not produced in high
quantity anywhere in the world in spite of known op-

eration principle alike to rape oil methyl ester (RME)
production. The main reason is the bioethanol price
which is higher that the price of methanol produced
from crude oil. Use of ethyl-tert-butyl-ether (ETBE) for
REE production is more realistic after formation of
subsidy for bioethanol use on ETBE production where
it substitutes methanol in process of production. We as-
sume that the utility properties of REE will be very
similar to RME, a fully renewable motor fuel from bio-
mass.

METHODICS OF MEASUREMENT

Z-7701 tractor usual engine testing was chosen for
the estimation of impact of REE possible application in
agriculture. The testing method was the thirteen-point
test according EHK 49R (see CSN EN ISO 8178-4).
This method, as distinct from homologation eight-point
one for tractor engines, was prefered from these rea-
sons:

a) it is possible to compare tractor engines with car
motors with aid of the thirteen-point test,

more suitable for this character of loading.

At this test, engine parameters are measured at five
different loadings with rise at middle engine revolu-
tions and five loadings with descent at rated speeds,
meanwhile three times at idling revolutions (see dia-
gram).

After REE testing, four tests were chozen as a fuel
alternating with diesel oil with the following composi-
tion of used fuel:

Table 1. Fuel composition for thirteen-point test

Fuel compositi
Test number K icomEpsIton

usual NM REE
1 100 0
2 95 5
3 70 30
4 0 100

Aproximately usual diesel oil according to CSN EN
590 served as a basis for comparison in the first case.

This report was performed on the base of implementation of the National Agency for Agricultural Research project of Grant
No. EP 096 099 65 04 Production and Use of Ethanol from Agricultural Crops — Utilization, Economy Legislation.
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In the following two cases, there is formulation of REE
with the same diesel oil which composition easily simu-
lates analogous blended fuels on RME bases according
to standardization of fuel in accordance with the Stan-
dard CSN 65 6509 (5% RME) or Standard CSN 65 6508
(30% RME). The fourth tested fuel is separate REE
which is taking a leap in the dark at engines testing.

Equipment of engine testing laboratory at the Depart-
ment of Cars and Tractors, Czech University of Agri-
culture, Technical Faculty in Prague was employed
during measurement.

DESCRIPTION OF LABORATORY
EQUIPMENT - MEASUREMENT TECHNIQUE

ENGINE PARAMETERS MEASUREMENT
Output brakes:

VD-110 whirling electric dynamometer with 0-6,000 1
per min running speed range;

Table 2. Results of REE analysis (ethyl ester of rape oil)

100 W engine output; torque ranges: 0-200, 200400,
400-600 Nm.

Manufacturer: MEZ Brno, TRANSPORTA Upice.

V-250 whirling electric dynamometer with 956 N.m
ranges at n = 2,500 I/min resp. 299 N.m at n = 8,000 1
per min. Numeral output of torque values.

Manufacturer: MEZ Brno, METRA Blansko.
Coupling of dynamometer with engine:

PERIFLEX with 1,050 N.m max. lasting torque.
Speedometers:

TESLA BM 445 universal counter with 60-claws reader
of revolutions on dynamometer shaft.

Manufacturer: TESLA Brno.
Measurement of fuel supply:

automatic mass fuel gauges with possibility to switch
over the 0-50 g and 0-100 g ranges.

Manufacturer: Technical Faculty Czech University of
Agriculture in Prague.
Measurement of temperatures:

resistance platinized thermometers and diode devices
were used for temperature measurement.

Measured value: Units: Values:
Density at 15°C kg/m? 879.3
Viscosity at 40°C mm?*/s 5.074 cSt
Attention! Change of temperature at measurement of viscosity and density according to EN590!!

Fuel properties Distillation curve

Beginning of distillation °C 90 (!)
5% point € 328
10% point °C 343
50% °C 349
95% °C 364
Aniline point °C 72
Diesel index 59.6
Cetane index (ISO 3310) 62.4
Saponification number (mg of KOH/g) 188.0121
Ester number 179.6331
REE (purity %) 94.928%
Acid number (mg KOH/g) 8.379 (1)
CCR,,, (% mass) 0.065
Impurity content (ppm) 38
Water oning 16 Ca Fischer (ppm) 579
Peroxide number, R sk 1156/3%b 28.673
Cool properties:

C.F.P.P. (loss filter) °C -3
Freezing point %© -12
Sulphur content according Kréckelera 0.02987%
Flash point according to P.M. °¢ 71

Color and appearance: brown-bronze color, clear appearance, unbound or emulsified water free, visible impurity free.

Commentary: Sample of this ethyl ester presents relatively contaminated ester, that is ethanol and glycerine because of REE purity % being
relatively lower which would be suitable from the point of view of fuels! Hydrolysis caused by higher water content and VMK (free fatty acids)
formation increased acidity to value which could result in high corrosion!-Peroxide number suggests small antioxidant resistance!

Conclusion: experimental batch of REE does not correspond to the standard, but it could serve to research purposes!

RES. AGR. ENG., 47, 2001 (3): 110-119
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Table 3. Results of elemental analysis of diesel oil and REE

Element contents in fuel, %mas.

Fuel type carbon hydrogen sulphur oxygen
Diesel oil  86.266 13.690 0.0439 0.000
EERO 77.475 12.125 0.0378 10.362

Thermoelectric thermometer was used in measurement
of exhaust gases temperature.

Manufacturer: UVMYV Prague, Technical Faculty Czech
University of Agriculture in Prague, ZPA Nova Paka.
Measurement of pressure:

U-tube with water filling Kavalier Sazava.
Measurement of test conditions:

hair hydrometer 0-100%; manufacturer: METRA
Blansko;

recorder of micropressure; manufacturer: METRA
Blansko.
Measurement of exhalation:

— engine smokiness:
HARTRIDGE MK 3 opacimeter; manufacturer:
Leslie Hartridge, Coventry, GB;

- gaseous emissions of CO,, CO, HC, O,:
NDIR INFRALYT 4,000 four-components analyzer
range of measurement:
CO 0-10% vol.
C0,0-20% vol.
HC 0-5,000 ppm vol.
0, 0-21% vol.; manufacturer: JUNKALOR
DESSAU, BRD;

— CO control:
EEA, III C NDIR model; manufacturer: Hunstville
Electronic, Chrysler;

— NO, emission:
URAS 2t, NDIR gas analyzer
0-5,000 ppm range; manufacturer: Hartmann &
Braun AG.
All above-mentioned instruments with the exception
of URAS analyzer are in accordance with appropri-
ate EHK regulations.

ADJUSTMENT OF FUEL SYSTEM PARAMETERS

Test rooms: NC 104, NC 108, NC 50 1261 Uh; manu-
facturer: MOTORPAL lJihlava.
Engine
ZETOR Z-7701 Serial No.: 0101-2 25 5 88
Bore: D = 102 mm, number of cylinders i = 4
Lifting: Z = 120 mm, lift volume of engine Vyy = 3.922 dm’
Fuel system
Fuel injection pump: PP 4 M 3137 S 0164
Speed controller: RV M 900 1100 3300
Jet injectors: DOP 160 S 430-1436

RESULTS OF MEASUREMENTS
Results of measurements include both analysis of fu-

els and results proper of engine tests with chosen fuels.
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Table 4. Theoretical heat value of fuels and their blends used in
measurement

Fuel Heat value
Test number
composition (MJ/kg) (%)
1 100% NM + 0% EE  43.360 100.00
2 95% NM + 5% EE  43.074 99.34
3 70% NM +30% EE  41.643 96.04
4 0% NM + 100% EE  37.638 86.80

Detailed fuel analysis of REE sample was treated first
of all. It was the sample from semi-operating experi-
ment delivered by manufacturer RPN Ltd, Chrudim.

REE analysis as motor fuel is given in the Table 2.
Elemental analysis of both basis fuels, REE and diesel
oil, is presented in Table 3.

Fuel analysis were done by J. Kovaf, Ph.D from the
Department of Chemistry, Czech University of Agricul-
ture, Faculty of Agronomy in Prague.

Fuel analyses

On the basis of elemental analysis from found mass
shares of individual elements, it is possible to deter-
mine theoretical heating values of fuels and their
blends for formulations used at measurement (Table 4).

REE as a fuel is an absolutely new untested system,
there are no corresponding fuel standards. If we pro-
ceed from the chemical and technological relations of
REE and RME, we could use, for a start, values stan-
dardized for RME in CSN 65 6507-1994 including
1-1998 amendment as operating standard. In Table 5
are given selected parameters to be emphasized.

It is necessary to say that the 1-1998 amendment
leaves out some required parameters of RME to the de-
triment of the cause and users. These parameters are
typical (main points of distillation curve) or very impor-
tant for engine operation, especially such as the content
of methyl alcohol residues.

Table 5. Selected parameters of RME

Density at 15°C 870-890 kg/m®
Kinetic viscosity 40°C 3.5-5.0 mm?/s
Ability of filtration (CFPP) max —5°C

Flash point (PM) min 110°C
Sulphur max 0.02% mas.
Water max 500 mg/kg
Mechanical impurity max 24 mg/kg

max 0.05% mas.
max 0.5 mg KOH/g

max 0.24% mas.

Conradson residua of carbon
Acid number

Total content of glycerol

Content of alcohol (inf.) 0.30% mas.
Heat value (inf.) 37.1 Ml/kg
Distillation (inf.) - 5% point 300°C

- 95% point 360°C
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If we compare the analyzed REE sample with stan-
dard values for RME, we can distinguish three groups
of parameters:

a) physical and chemical parameter characteristics
of REE:
— density — in the middle of range
— kinetic viscosity — at the top limit
— filtration ability — a little worse (about 2°C)
— sulphur content — about half worse, but small
— heating value — a little better
- distillation curve — higher by 5% point
b) parameters characterizing purity of product and
technological discipline in production:
- flash point — significantly lower
— water content — exceeded
— mechanical impurity content — exceeded about half
- acid number — exceeded about 17-times

¢) parameters unmentioned in the standard for RME

which significantly complete a point (b):

- distillation beginning — unusually low

— REE purity — (share of esters) — gives total share of
impurity and additives over 5% (!!)

On the base of parameters in (a) point we can note
that REE as a new product is very close to RME with
its basic physical and chemical properties. RME is usu-
ally produced in the Czech Republic, its properties
have been standardized for 6 years. Shift of REE distil-
lation curve as opposite RME in direction to higher
temperatures is significant from the point of view of
fuel, and so REE is more difficult for distillation.

The parameters assessment under (a) (b, ¢) points is
unfortunately such that it does not point out the perfec-
tion bringing production technology and final product
purity. It can be understood in the case of REE sample
produced experimentally. Detailed analyses on alcohol
and glycerol contents were not carried out in the deliv-
ered sample of REE, but the other parameters showed
that both parameters were several times exceeded (un-
usually low flash point and beginning of distillation, as
well as total impurity .share over 5%). Both these com-
ponents significantly affect the composition of noxious
emissions as well as they are undesirable for engine op-
eration — alcohols dilute diesel oil, glycerol, on the con-
trary, concentrates it and both these additives unneces-
sarily accelerate the degradation of diesel oil.

Fuel testing results in engines laboratory of the De-
partment of Cars are clearly treated in tables and dia-
grams. The studied values have generally a logical and
continuous course in relation the engine load.

ENGINE OUTPUT AND OPERATION
PARAMETERS

We can follow a course of engine useful output as
a loading function i.e. reduced torque. Both values are
presented (with R index) as reduced ones, i.e. calcula-
ted for standard atmospheric conditions. The depen-
dence is presented for mean and rated revolutions.
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Table 6. Maximum value of reduced engine torque determined
in mean revolutions

MTR max PER max
Test number
(N/m) (%) (kW) (%)
1 274.2 100.00 53.2 100.00
2 274.1 99.96 52:9 99.06
3 274.0 99.93 52.4 98.50
4 266.7 97.26 49.6 93.23

Table 7. Engine operation parameters, minimum specific fuel
consumption at rated revolutions and exhaust gases maximum
temperature

MPER rated min Tv max
Test number
(g/kWh) (%) (°C) (%)
1 244.1 100.00 660 100.00
2 247.3 101.31 650 98.48
3 257.1 105.33 600 90.91
4 273.3 111.96 600 90.91

There is a maximum value of reduced engine useful
output, which was expressed in mean revolutions as
well as in the rated ones in Table 6.

Other important operation parameters of engine are
presented in Table 7, e.g. the minimum specific con-
sumption of engine at rated revolutions and maximum
temperature of exhaust gases.

It is possible to do the following conclusion for a
growing REE share in the fuel:

— maximum torque and maximum engine output de-
crease, the even it negligibly, at the beginning; there
is a significant decrease at 100% of REE (MTR —
3%, PER — 7%) however

— at rated output, specific fuel consumption increases
according to fuel heat value drop (see Table 9)

— exhaust gases maximum temperature falls together
which is favourable.

Results have suggested that the addition of REE (5%
or 30%) can hardly be recognized at the maximum
torque and engine maximum output by a common user
(to 1.5%), it is better at 30% (+ 5%).

ENGINE EMISSION PARAMETERS

Engine smokiness is a property of incomplete com-
bustion for compression ignition engine, which is no-
ticeable with the naked eye at higher values. Maximum
values determined at measurement are presented in
Table 8.

It turns out that the maximum smokiness increases a
little with the REE share growth in fuel at mean revolu-
tions, it is decreasing at rated revolutions at not too
high total level of smokiness. It has to be considered
carefully that not only the maximum value is important

113



Engine output, ZETOR TEST 1: 100% of diesel oil

60
A
50 BT e o
-0 - 2200 Lo | aa?
’ ~ /“ ]
?‘, 10 P " RR——
x -
@ L ,a //
20 -
Lo’ _—
,CI'/
10 e
& !
0 t
0 50 100 150 200 250 300
Fuel specific consumption, ZETOR TEST 1: 100% of diesel oil
700 : |
» |
——
600 Or} — i
\\ -.O- 2200
500 :
5 N\
. M\
® o
g 300 -
"'w
s B Y s
200 o
100
0
0 50 100 150 200 250 300
MTR (N/m)
Smokiness, ZETOR TEST 1: 100% of diesel oil
30 B
2 .
—— 1,500 .
-<{- 2200 U
20 o
S s
w .
21 :
X i
10 -0
’
’ 5 . //)
o) S U m] _____—-—-—0/
o—-"‘?: % = —lho_.
0
0 50 100 150 200 250 300
MTR (N/m)

Fig. 1. Parameters of output and smokiness of Zetor engine at diesel oil drive

only but that the whole course of loading dependence is ~ Three significant components are tested in emissions:

equally important. CO, CM,, No, and C, which are calculated from the rela-
It can be assessed with weighted average of all measured  tive share on mass (g) and related to engine work unit

points which is the basical advantage of the 13-points test. ~ (kWh). The mass expression is indicated by M index.
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NO, cmission, ZETOR TEST 1: 100% of diesel oil
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Fig. 2. Zetor engine emission parameters at diesel oil drive

Laboratory of the Department is not equiped by de-
vices for the direct determination of solid particle
masses. Corresponding values are therefore determined
on the base of the smokiness quantification. Other

RES. AGR. ENG,, 47, 2001 (3): 110-119

emission values are measured directly. Following cmis-
sion values were calculated from the individual test
records, they present weighted average for 13-point test
(Table 9).
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Table 8. Maximum values of smokiness

Mean revolutions Rated revolutions

s Kmax Kmax Kmax Kmax
number 1 5 U) (%) (H.S.U) (%)
1 8 100 29 100
2 10 125 19 66
3 17 213 25 86
4 12 150 12 41

This resulting table convincingly presents that REE
addition to diesel oil as well as the application of REE
fuel proper decrease the specific engine emissions in all
cases for all four determined components of harmful
substances, no component is growing after its addition.
The possibility of decrecasing CO emission to less then
50% is presented as the highest contribution of the new
fuel. The results of other components (NO,, HC, C)
suggest possibility of specific emissions local minimum
in relation to share of REE in the fuel. This factor
should be studed in detail on an REE sample of higher
quality.

DISCUSSION

The testing of a totally new product — ethyl esters of
rape oil — REE — in a Zetor Z-7701 engine has in spite
of unsuccessful “common” quality of sample produced
in semi-operation contributed only favourable results in
comparison with usual diesel oil.

REE product was tested as 5% and 30% additions of
diesel oil and even as separate fuel — 100% REE: these
variants were compared with 100% NM.

REE product is chemically very close to RME, its
production is very similar as well. Its chemical compo-
sition is obvious from the elementary sample analysis,
it gives (likely RME) significantly lower heat value
(approximately about 13%) which relates to roughly
10% content of oxygen as well as a lower content of
carbogen.

With regard to the fact that fuel with REE results in a
bit lower maximum engine output and torque the lower
heat value is utterly demonstrated in resulting specific
consumption of fuel — it was determined higher about
12% RME.

Table 9. Emission values, weighed average for 13-point test

The REE product has some properties like RME con-
sequently it is possible to apply similar quantitative cri-
teria as for RME — according to CSN 65 6507 which
will be gently treated. REE in spite of RME is less
favourable because of higher viscosity, lower ability of
filtration (under cold conditions), distillation curve is
shifted to wards heavier fractions. From this point of
view, REE is destinated for partial compound of mixed
fuels rather than as pure fuel.

Engine smokiness results do not look at first step like
convincing ones because of the wider range of measured
values, but they are basically favourable for REE. Maxi-
mum smokiness (29%) determined in pure diesel oil was
not achieved in any sample with REE content, it was
lower in every case. This fact is very important. Result-
ing assessment of 13-points tests by emission parameters
weighted average showed favourable effect of REE ad-
dition into diesel oil at 5% REE concentration already,
decrease of all harmful substances (COM, NOM, HCM,
CM) in the range of 4-10% was reached. The best
favourable effect was reached for 100% REE fuel : 50%
decreasing carbon monoxide emission (COM).

Only positive results of experimental blends of NM +
REE, as well as pure REE, from the point of view of
tractor emission noxious components show that REE
could become a significant component of engine mixed
fuel which has a good chance to be ecologically friendly
because of fuel biological degradation in the case of
leakage into soil or harmful emission forming at internal
combustion engine operation.

CONCLUSIONS

The aim of further research should be a more detailed
search of REE optimum share in the new mixed fuel
for the best impact in the ficld of noxious emission. We
can imagine that both RME and REE will be in the new
fuel; the total share of organic compounds in the mixed
fuel will be higher in respect of this fact.

It is necessary to guarantee raw materials of better
quality for future experiments with REE (and RME),
more perfectly removing separate additives (water, al-
cohol, glycerol) particularly and a lesser share of total
additives.

COM NOM HCM CM
Test number X
(g/kWh) (%) (g/kWh) (%) (g/kWh) (%) (&/kWh) (%)
1 44.547 100 6.374 100 0.100 100 0.219 100
2 42.782 96.0 6.083 95.4 0.090 90 0.202 92.2
3 35.016 78.6 6.275 98.4 0.095 95 0.197 89.9
4 21.943 493 5.860 91.9 0.087 87 0.207 94.5
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Fig. 3. Parameters of output and smokiness of Zetor engine at rape oil ethyl ester
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NOx emission, ZETOR TEST 4: 100% of rape oil ethyl ester
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LIST OF MEASURED AND CALCULATED VALUES

MEASURED VALUES PRESENTED CALCULATED VALUES PRESENTED IN TABLES
IN TABLES AND DIAGRAMS
Symbol Dimension Application Symbol Dimension Application
N /min engine revolutions PE Kw effective engine output
MT N.m engine torque MP kg/h fuel mass consumption per hour
T s time of 100 g fuel consumption MPE g/kWh mass specific consumption of fuel
™ °C cooling liquid temperature DP glcycle mass supply of fuel
TO °C temperature of lubrication oil in engine DPV mmY/cycle fuel flow
BA hPa barometric pressure MD kg/h mass real supply of air
FI % relative air humidity KOEF - counting coefficient on descending re-
TA oC temperature of intake air duction values according to ISO 2288
TV °€ temperature of exhaust gases MTR N.m reduced torque
TP °c fuel temperature in fuel injection pump ~ PER kW reduced effective output
PD mm H,0  static pressure of boundary layer in MPER  g/kWh reduced specific consumption of fuel
veneer DR mmY/cycle reduced flow of fuel
PS mm H,O  air pressure in suction piping MDR kg/h reduced absorption capacity (actual
K HS.U engine smokiness supply of air into engine)
co ppm CO concentration in exhaust gases COM  g/kWH  specific concentration CO (EHK 49R)
Co, % CO, concentration in exhaust gases NOXM g/kWH  specific concentration NOx (EHK 49R)
HC(Ch,) ppm HC concentration in exhaust gases HCM g/kWH  specific concentration HC (EHK 49R)
0, % 0, concentration in exhaust gases CM g/kWH solid particles specific concentration
No, ppm NO, in exhaust gases KV mm?/s kinematic viscosity of fuel
h g/em’ fuel density
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Provozni a emisni parametry traktorového motoru pri pouZiti etylesteri fepkového
oleje jako alternativniho paliva

ABSTRAKT: Price popisuje vysledky méfeni koufivosti a emisi neupravovaného vznétového motoru Zetor 7701, provozo-
vaného na alternativni palivo (etylester fepkového oleje — EERO) a motorovou naftu. Z porovnani emisi a koufivosti (podle
ptedpisti EHK 41 a EHK 21) vyplyva, Ze etylester fepkového oleje ma pfiznivy vliv na sniZeni koufivosti a viech sloZek
$kodlivin (COM, NO M, HCM, CM). Vysledné vyhodnoceni tfinictibodovych testd vaZenym primérem emisnich paramet-
rii ukézalo piekvapivé vliv pfidavku EERO do motorové nafty uZ v koncentraci 5 %, kdy se doséhlo sniZeni viech slozek
$kodlivin v rozmezi 4-10 %. Nejvétsiho pfiznivého G¢inku bylo dosaZeno u &istého 100% EERO, a sice 50% sniZeni emise
oxidu uhelnatého (COM). Kladné vysledky pokusnych smési NM + EERO a &istého EERO z hlediska $kodlivych sloZek
emisi traktorového motoru ukazuji, Ze je jeho praktické vyuziti mozné. Nejdfive je nutné technologicky zvladnout vyrobu
kvalitniho EERO (pouZity vzorek z pokusné vyroby nemé&l dobrou kvalitu) a zajistit ekonomickou rentabilitu vyroby EERO.
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Technological progress in cattle rearing in the Czech Republic
after 1989 from the point of view of the accession to EU

J. VEGRICHT', Z. PASTOREK', I. ACKERMANN?, R. SCHLAUDERER?

'Research Institute of Agricultural Engineering, Prague, Czech Republic
nstitute of Agricultural Engineering, Bornim, Germany

ABSTRACT: Considerable changes have occurred in the field of input price development in agriculture (machinery and devic-
cs, energy, fertilisers, building material...) and at product prices paid to farmers. While the input prices followed the inflation
development and so increased by more than 250% in comparison with 1989, the agricultural product prices have increased only
by 70%. Cost for labour also rose by about 250% in comparison to 1989 (average month wage in agriculture was in 1989 —
3,455 CZK and in 1998 - 9,143 CZK). The agriculture development was considerably affected by inflation, which increased by
270% within the observed period. Despite this fact only a slight change of the exchange rate of Czech crown occurred against
important world currencies. This resulted in a higher availability of high quality foreign agricultural machinery. The labour pro-
ductivity of cattle rearing was significantly increased as an effect of the changed economic conditions through introduction of
modern working processes, housing systems, increase of milk yield, reduction of production unit costs of the final product and
production quality incrcase of the enterprises. Ineffective management and incffective rearing disappeared. It followed a consi-
derable decrease of the number of milk cows from 1,247,000 in 1989 to 640,000 in 1999 (-49%). In the same period the annual
average milk yield increased by 26% and in 1999 it exceeded the limit of 5,000 1. Nevertheless the total amount of milk produced
decreased by about 30%. To reach the level of competitiveness the farmers were forced to introduce innovations in the produc-
tion process. In consequence of this development the amount of housing capacitics was significantly reduced. Some of the struc-
tures were partially used for other purpose, some were left and others were purposefully reconstructed and updated into free box
stables with milking in the milking house. In 1989 only 108,000 cows from a total number of 1,247,000 were housed in frece
stables, i.e. 9%, while the rest was housed in the byre with stanchions with milking in the cow house. Up to 1999 278,000 cows,
respectively 43% of total number of cows were housed in free stables. These stables are equipped by modern milking houses out
of which a total amount of 730 were built after 1989. It is evident from these figures, that the introduction of innovations such as
open housing systems is a precondition for economic successful milk cow rearing in the Czech Republic. It leads to important
reductions of the production costs and maintenance of competitiveness. It also is combined with high labour productivity, de-
creased negative impacts of cattle rearing on the environment, ensured welfare of milk cows and permanent quality of the final
product.

Keywords: cattle rearing; Czech Republic; transition period

The quality and technical level of technological pro-
cesses in agricultural production affect significantly not
only the economy of agricultural enterprises but even
a lot of other factors linked with agricultural activity,
e.g. landscape creation, environment protection, social
conditions of countryside and settlement sustainment of
rural territory.

Modern technical systems enable to decrease the
labour intensity and hard manual work, to improve the
staff working conditions, animal welfare and produc-
tion environment the utilisation of feedstuffs and ani-
mal production potential as well as to increase the
labour productivity.

Therefore, the research and development of new tech-
nical systems is in the focus all over the world and pro-

ducers of agricultural mechanisation bring every year
new and more perfect machines and devices and even
coherent technical systems.

The development of technological systems for cattle
rearing in the Czech Republic after 1989 was signifi-
cantly influenced by changes of social and economical
environment in the country. Within this period new inter-
national relationships of CR with the surroundings world
have been generated particularly with the EU. All these
changes and relationships are dynamic and influence
also the business environment of the agriculture.

The goal of this paper is to specify and quantify the
most important factors and their influence on the deve-
lopment of technical and technological systems, labour
productivity and cattle rearing economy.

The submitted article was elaborated in the frame of the project solutions supported by the National Agency for Agricultural
Research — Ministry of Agriculture of the CR No. 6515, 6147 and QC 0176.
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METHODOLOGICAL APPROACH

Among the most important external factors influenc-
ing cattle rearing belongs the price development of agri-
cultural inputs (machines and devices, energy, fertilisers,
construction material...) and prices paid to farmers for
their products. The inflation development, labour force
price and development of exchange rate of the Czech
crown also are of great importance.

By utilisation of all available dates the development
of these factors was specified after 1989 and possible
connections regarding development of principal techni-
cal and economical indicators of cattle rearing after
1989. Particularly was analysed the development of
technological systems used in cattle rearing, technical
equipment of stables and farms, animal yields, human
work need and labour productivity in relation to the
milk production economy and its competitive ability.

RESULTS

DEVELOPMENT OF MACROECONOMICAL
ENVIRONMENT INFLUENCING
AGRICULTURAL PRODUCTION

After 1989 significant changes in the economical de-
velopment were set in in the Czech Republic. The pre-
vious centrally planned development was abolished and
substituted by the system of market economy. During
a short time the systems of subsidies were removed, the
taxation system was changed and Czech crown has be-
come a convertible currency.

That led on the one hand to more realistic production
costs and prices of individual products, on the other
hand there occurred outstanding changes in the field of
agricultural input prices (machines and devices, energy,

fertilisers, construction material...) and prices paid to
farmers for their products.

It is evident from the graph in Fig. 1, that input prices
in agricultural production have imitated the inflation
development and have increased by more than 250%
by 1998 as compared with 1989, the prices of agricul-
tural products being increased only by 70%. This trend
caused an enormous pressure on the agricultural pro-
duction, which had to take into account a significant
decrease of the state support. In 1998 the production
support of the Czech agriculture has reached 17% (by
the OECD methodics), although in the OECD countries
it was in average 37% and in the EU countries 45%.

The price of labour force gradually rose, i.e. almost
three times in nominal value as compared with 1989
(average month wage in agriculture was 3,455 CZK in
1989 and 9,143 CZK in 1998). At the same time also
the disproportion between the average wage in CR and
this in agriculture deepened, which was by 21.8%
lower in 1998.

The development of agriculture was considerably in-
fluenced by inflation, which has increased by 270%
during the observed period. Despite it, the exchange
rate of the Czech crown changed only slightly against
the main world currencies. The presented development
is well evident from graph in Fig. 2. This development
was relatively favourable for Czech farmers, because
the prices of the high-quality foreign agricultural me-
chanisation have decreased and therefore this mecha
nisation has become more available for them. In conse-
quence of the changes in the macroeconomical envi-
ronment the agricultural enterprises have to find the
ways how to survive in these conditions and to reach
minimal profit necessary for renewal of agricultural
mechanisation and introduction of new technological
processes, which would ensure them significant com-
petitive ability on still more exacting market.
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Fig. 1. Development of the input prices for agriculture, prices of agricultural products and inflation
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DEVELOPMENT OF TECHNOLOGICAL
SYSTEMS IN CATTLE REARING

All previously presented effects worked (and still
work) in the field of cattle rearing in significantly in-
creasing the labour productivity through introduction
of modern working processes and housing systems,
milk yield increase, decrease of production costs per
unit of final product and increase of production quality
of the enterprises, which are able to be successful in
that economical environment and to be profitable. Nev-
ertheless, these effects lead simultaneously to the pro-
duction suppression and liquidation of unprofitable
enterprises.

In Fig. 3 is presented the development of total amount
of milk cows kept in CR, their average milk yield and to-
tal workers in agriculture.

In 1989 1,218.10° milk cows were reared in CR. This
number decreased to 589.10° cows, i.e. by 51% in 1999.
This decrease was in fact continuous and had negative
impact particularly onto enterprises with low husbandry
profitability. Mainly in the starting period some enter-
prises have disposed of all milk cows and have focused
merely to the crop production.

In the same period the average annual milk yield in-
creased by 26% and has exceeded the limit 5,000 1 in
1999. In the starting period the average milk yield de-
creased under the level of 1989 and finally has ex-
ceeded that level in 1995 and now is still rising. At the
end of 1999 the average annual milk yield was 5,022 1.
It is evident from the milk yield decrease after 1989,
that many agricultural enterprises have paid effort to
keep the milk cow rearing despite the low milk yield
and without any significant investment for the herd
renovation and new technologies. Only in a half of the
observed period the total average milk yield of cows
reared in CR is significantly affected by the enterprises,
which invested in to the purchase of the high-yield
milk cows, improved the feedstuffs quality, modernised
stables and technical systems.

Housing

In the past years many stables and farms for milk
cows were built. These housing and storage capacities
were partially left and partially utilised for other pur-
poses, most of them are in operation up to now either in
original state or were purposefully modernised and
now are used not only for milk cows rearing, but even
for pigs and their fattening and for housing of other
animals.

It concerns mainly two-row tied and bedded stables
K-96 for milk cows in total amount more than 6,000 ob-
jects and the four-row tied and bedded stables K-174 for
milk cows in total amount about 2,000 objects. These
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Fig. 3. Milk cow number development, average milk yield and number of workers in agriculture within period 1989-1990
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stables are at present the basis of the housing capacities
for milk cows. The successful modernisation of these
stables is possible only with respect to many new know-
ledge and changes, which occurred in milk cows rearing
within that period.

With growing milk yield also grows the body dimen-
sional frame and weight of milk cows, which could
reach up to 700 kg. The stables of types K-96 and K-174
were built with the supporting columns with the length-
ways module 4,500 mm and stands width 1,125 mm.
This width of the stand does not correspond with the big
milk cows and therefore it is necessary to extend it to at
least 1,200 mm. Nevertheless this extension is not pos-
sible due to the columns lengthways module. For these
milk cows the modemnisation of these stables is problem-
atic. It is a reason, why still more farmers in recent time
consider the new stable construction.

The development in the field of feedstuffs produc-
tion, milk yield, herd breeding composition, economi-
cal pressure onto cost reduction per production unit and
also availability of modern technical systems has cre-
ated conditions for successful introduction of milk
cows housing free systems. Now there are no doubts
about their advantages. The free stable extension is at
present limited mainly by the availability of investment
needed for modernisation or new construction.

From the total amount of 1,247.10° cows in 1989
only 108.10% i.e. 9% were housed in the free stables
and the rest in the tied with the stand milking. The
number of the free stables rose rapidly after 1989 and
in 1999 the free stables for milk cows reached 35% of
the total number of housing stands for milk cows.

The average size of stables for milk cows, recon-
structed after 1989 has significantly decreased. This
was caused by the considerable growth of small-size
farms with low numbers of milk cows using particu-
larly the tied system of housing. It is also evident from
the fact, that average size of the reconstructed free
stable for the milk cows is 177 housing stands.

For the free housing the most extended type is the free,
bedded box stable. These stables are designed, as light,
not insulated facilities with accent on good ventilation
and welfare. In the past period there was a tendency to
use even the not bedded stables with production of
slurry, mainly in consequence of the cost and human
work savings and sometimes also of the lack of suitable
bedding. The share of free, not bedded stables built-up
or reconstructed after 1990 is 7.3% of the total amount
of housing stands in reconstructed or newly built-up
stables for milk cows.

Feeding

After 1989 the approach to the milk cow nutrition
has significantly changed. There exists a distant deflec-
tion from summer and winter feeding portions and still
more is used the whole-year feeding portion on the
base of concentrates without green feeding. Although
in the previous time period many ballast and poor-qual-
ity feedstuffs were fed with a low content of nutrients
and the amount of concentrates was limited (0.25 kg/l
of milk), after 1989 have asserted modern methods of
nutrition based on feeding of quality bulky feedstuffs
with high content of nutrients and energy and the avail-
ability of concentrates is not limited. Some feedstuffs

Table 1. Stables and technological equipment for animal production to 1. 2. 1999

Stable, equipment

Total number of stables,
average size

Stables and equipment
reconstructed after 1. 1. 1991

Stables for milk cows (total)
Including: — free bedded stables
— free not bedded stables
— free stables (total)
Average size of stable for milk cows (number of milk cows)
Average size of free stable for milk cows (number of milk cows)
Average size of tied stable for milk cows (number of milk cows)
Stables for heifers
Average size of stable for heifers (number of heifers)
Stables for cattle fattening
Average size of stable for cattle fattening (number of animals)
Stationary milking parlours (pcs)
Including: — herringbone milking parlours (pcs)
Rotary milking parlours (pcs)
Milking parlours (total pcs)
Stand milking apparatus (pcs)

10,311 1,902
1,436 924
146 63
1,609 987
78 27
173 177
60 27
3,811 455
109 78
5,815 757
67 41
1,094 726
502 346
196 29
1,290 755
6,157 698

Resource: Czech Statistics Agency
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were quite excluded from the feeding ration (beet cuts,
straw, beet pulps...). The content of dry matter, which
can be accepted by the milk cow in the feeding ration the
limiting factor. This amount of dry matter has to contain
a calculated amount of nutrients and energy. The dry
matter reception by the milk cows has increased from
previous 10-12 kg/day up to 18-22 kg/day. For the bulk
feedstuffs utilisation is asserted their mixing and TMR
(Total Mix Ration) feeding containing balanced content
of nutrients, dry matter and cruide fibre corresponding
with the animal type, weight and milk yield.

For the TMR preparation and application the mixing
feeding wagons utilisation has proved competent.
These wagons are equipped by equipment for unload-
ing and loading of feedstuffs stored in the silo clamps.
This feeding technology has substituted other technical
systems in modernised and new stables and has become
dominant. From point of view of construction in CR
are enforced the mixing feeding wagons equipped by
mixing shaft, mixing wagons with horizontal and verti-
cal mixing auger. All these types can be performed as
semi-trailers, trailers or self-propelled and can be
equipped by cutter. All these adaptations are able to
prepare high-quality TMR.

It can be estimated, that after 1989 the Czech agricul-
ture has been equipped by about 1,300 mixing feeding
wagons (according to the Czech Statistical Agency).

Besides these modern technologies also classical
feeding wagons are being used in older stables. The
bottom conveyor equips these wagons and good labour
organisation enables them to create the mixed feeding
ration. These wagons are often used for bedding. Only
in limited rate are in using the stationary feeding sys-
tems permanently built-in in the stables and in the
modernised stables are used not at all.

The present situation in the field of the cattle rearing
stables in CR and utilised technological systems is pre-
sented in Table 1.

Milking and milk treatment
Also in the field of milking and milk treatment many

changes influencing demands for milking device have
occurred after 1989.

Table 2. Qualitative demands for raw cow milk

Above all, the milk cows properties have changed
from the point of view of machine milking. Although
the maximum milking intensity was in the past about
2-4 kg/min, the present high-yield milk cows reach
normally the milking intensity 4-6 kg/min and peak up
to 12 kg/min. It has requested a new construction of the
milking devices to ensure demanded speed and quality
of milking process without negative effects onto lacteal
gland state of health and overall milk cow health. The
milking set had to be newly solved (extended claw,
new teat cups, extended pipe diameters, higher perfor-
mance of vacuum pumps...).

The demands for environment protection led to appli-
cation of ecological vacuum pumps (vacuum pumps
with rotary pistons) and oil re-circulation in rotary
paddle vacuum pumps and their noisiness reduction.

The demands for the milk qualitative parameters still
increase. For example CPM, SB, CB maximum amount
valve has decreased as well as limit of milk freezing
point. The basic qualitative demands for raw cow milk
valid in CR and EU are presented in Table 2.

The farmer producing milk is now being found in
strongly competitive environment, where the dairy
plants dictate still more strict demands and motivate
their achieving by the purchase milk price.

With respect to the large number of tied stables milk-
ing into milk pipelines is utilised. Milking into cans is
still in use for the smaller herds.

In the modernised or newly built stables significantly
dominates the milking in the parlours, which ensure the
best conditions for hygienic acquisition of milk. The
milking equipment in the modern milking parlours cre-
ates optimal conditions for physiologically correct
milking, milking process automation and high perfor-
mance of the service. In connection with automated
identification of milk cows and automated data collec-
tion regarding the milk yield level, milk cow state of
health and reproduction, the milking parlour turns into
the centre for dairy farm controlling with computers
utilisation. The computer with necessary software
equipment has become apparent and normal part of the
dairy farms.

The most utilised are the stationary milking parlours
including well-tried herringbone parlours, which repre-

Index

Values valid in Average values reached

CR EU in CR in 1999

Max. total number of micro-organism (1 ml of milk x 10%) 100 100 65

Max. number of somatic cells (1 ml of milk x 103) 400 400 248
Freezing point (°C) -0.515 -0.515 -0.523
Minimum protein content (g/l) 28.0 334
Minimum fat content (g/1) 33.0 424
Max. number of coliform bacteria (1 ml) 1,000 191

Max. number of thermoresistant micro-organism (1 ml) 2,000 1,192

Max. number of psychotrophic bacteria (1 ml x 10%) 50 10.9
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sent almost one half of all stationary milking parlours
being in operation. Installation of new auto-tandem
milking parlours is gradually suppressed. A certain ex-
tension is evident at the parallel milking parlours (side
by side) as an alternative to the herringbone parlours.
Particularly at the present time some investors prefer
the group departure milking parlours (both herringbone
and parallel), despite they are more expensive and their
advantages are questionable (low time save, larger
built-up area, complicated stand construction, large
area polluted by excrements...).

The rotary milking parlours with newly constructed
chassis significantly increasing the operational reliabil-
ity are again popular.

The milking devices utilised in individual types of
milking parlours are in fact similar and are characterised
by the sectional solution, so that the user can choose
technical level according to his/her needs. The simplest
systems control automatically the milking and sanitary
process, the most complicated systems are equipped by
the system of automated identification, milk amount
measuring, moving activity evaluation, measuring of lac-
teal gland state of health parameters (specific electrical
conductivity, temperature...) and communicate with the
controlling computer. The automated milking systems
(AMS) often called the milking robots are in CR not
used so far and there are not even particularly economi-
cal presumptions for their application.

For milk treatment and storage are almost exclusively
used cooling tanks or containers with indirect cooling
(cold accumulation in ice water in time of cheap rate of
electricity). The cooling tanks with direct evaporation
are being used exceptionally on the Czech farms.

Manure removal and bedding

In the tied stables prevails manure removal by scraper
conveyer and bedding is performed manually from the
truck.

In the free-bedded stables dominates the manure re-
moval by means of tractor scraper with unloading onto
yard’s manure heap or by loading onto mobile vehicle
(trailer, container). The scraping paddles are being used
seldom in the bedded stables (high price, complications
during bedding operation...). For the bedding purpose
are utilised adapted feeding wagons with bottom con-
veyer or bales separators with side discharching, semi-
trailed on tractor.

In the free not-bedded stables prevails so far manure
removal by tractor scraper. Still more farmers prefer the
scraping paddles characterised by high technical reli-
ability, safety operation and universal application even
for wide manure corridors. The scraping paddles have
some advantages when being used in the not-bedded
stables (automated operation and manure removal
sometimes daily, cleaner manure corridor and feeding
place with favourable effect on hoofs, reduced resting
in the corridors and higher animal cleanness...).

The deep bedding is used particularly for bull hous-
ing and partially also for heifers in enterprises with suf-
ficient inventory of straw and significant need of
organic fertilisation. For the milk cow the deep bedding
is being used only exceptionally. The deep bedding
stands housing systems, popular mainly in Germany
are not used in CR at all.

LABOUR PRODUCTIVITY AND MILK
PRODUCTION ECONOMY

In the new and modernised stables for the milk cows
there is reached a low need of human labour calculated
for 1 litre milk, ranging between 35-60 hours per 1 li-
tre milk. This is fully comparable with the values
reached on the best European farms.

The total level of labour productivity is influenced
besides the human labour need also by the reached
milk yield. The development of the average milk yield
was mentioned above. Nevertheless, it is important to
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Fig. 4. Workers number development in ag-
riculture and development of average gross
monthly wages within period 1990-1998
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Fig. 5. Average milk prices
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present, that the average milk yield of cows reared on
modernised farms is considerably higher than the aver-
age milk yield in CR and normally is about 8,000 l/cow
per year.

The old tied stables reached — by type and equipment
— the human work need 95-130 hours/cow at signifi-
cantly lower annual milk yield (3,500-4,500 1/1 cow).
In such conditions one worker produced 54-95 thou-
sand litres of milk.

It is evident from Fig. 4 that the worth of human
labour rapidly grows and therefore reduction of the hu-
man labour need is a very important condition for sur-
vival.

The expressive growth of the labour productivity on
the new and modernised farms is also reflected in the
total decrease of workers in agriculture and total
growth of labour productivity within the milk cow rear-
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Fig. 6. Milk production costs and milk prices development in
the Czech Republic
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ing. By utilisation of the statistical data about human

labour consumption it can be proved, that in 1989

worked in the milk cow rearing in total 64.2 thousand

of direct workers and only 22.5 thousand workers in

1999, i.e. less by 65%. In 1989 produced one worker in

milk cow rearing in average 75,500 litre of milk and in

1999 even 132,000 litre, i.e. by 74.8% more.

Although the agricultural input costs increase, the av-
erage milk realisation price is changing slowly and at
present even decreases and by far does not reach the
EU values as evident from Fig. 5.

The milk production profitability is a problem of
most of the Czech milk producers. On average the pro-
duction costs per | litre of milk exceed its realisation
price. Despite this situation the farmers do not give up
the milk production. There are many reasons for this
situation. In discussions with individual producers fol-
lowing aspects were presented:

— utilisation of bulk feedstuffs produced on the farm,

— continual survey of financial means (i.e. payment for
milk) necessary during the year for normal operation
of enterprise, which should be otherwise acquired in
form of expensive credit,

— maintenance of the job vacancies and social aspects
connected with it,

— linkage to the crop production, mainly manure pro-
duction,

— expectation of better milk realisation price in near
future in comparison with the production costs,

— anxiety about situation that after the milk cows rear-
ing abolishment it would not be possible its renova-
tion (too high costs) in case of improved conditions
for milk production.

It is necessary to present in this connection, that it is
difficult to calculate the milk production economy
without precise and uniform methodics. It regards e.g.
the own feedstuff evaluation consumed on the farm,
service price in frame of enterprise, overhead cost etc.
Therefore for many farmers the enterprise profitability
is most important as a whole.
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SUMMARY

The development of technological systems for cattle
rearing after 1989 was significantly influenced by dy-
namical changes of economical environment in CR.
The main changes, which had, or up to now have direct
effect onto agriculture development in the field of the
milk cows breeding can be characterised by following
aspects:

— changes in the field of input prices development into
agriculture (machines and devices, energy, fertilisers,
construction material...) and prices paid to farmers
for their products. Although the input prices followed
the inflation development and have risen by more
than 250% in comparison with 1989, the prices of ag-
ricultural products have risen only by 70%,

— labour force price has risen almost three times in
nominal value in comparison with 1989 (average
month’s wage in agriculture was 3,455 CZK in 1989
and even 9,143 CZK in 1998). The agriculture devel-
opment was considerably affected by inflation, which
has increased by 270% within the observed period.
Nevertheless the only little change of exchange rate
of Czech crown against the main world currencies,
making the high-quality foreign agricultural
mechanisation more available for Czech farmers.

All the above presented factors in their consequence
effected (and still effect) in the field of cattle rearing
the significant increase of labour productivity through
introduction of modern working methods and housing
systems, milk yield increase, production costs reduc-
tion per unit of final product and production quality in-
crease in the enterprises which want to be successful
and profitable in a demanding economical environ-
ment. Nevertheless these factors lead simultaneously to
the production suppression and liquidation of unprofit-
able plants.

It has resulted in outstanding reduction of milk cows
number to 640 thousand in 1999; i.e. by 49% less com-
pared with 1989.

On 1989 from the total amount 1,247 thousand of
cows only 108 thousand, i.e. 9%, were housed in free
stables and the rest in the tied stables with the stand
milking. In 1999 even 278 thousands cows, i.e. 43%
from total amount of breeded cows were housed in free
stables. In consequence of that development consider-
able housing capacities were released and partially
used for other purposes, some of them were quite left
and certain part was reconstructed and modernised for

free box stables with milking in the parlour. The milk
cows are being housed at present in the light, not-insu-
lated and well-ventilated stables, which meet require-
ments for welfare and environment protection. Almost
exclusively the complex feeding ration (TMR) is fed
being prepared and applicated by mixing feeding wag-
ons. In consequence of these facts:

— the number of animals cared for by one worker has
increased and this situation caused total reduction of
the workers in the milk cows breeding by 53 thou-
sand in comparison with 1989,

— average labour productivity measured by the milk
amount produced by one worker has increased by al-
most 75% in comparison with 1989,

— annual milk yield has increased by 26% and has ex-
ceeded the limit of 5,000 litres in 1999.

From the above mentioned is evident, that the future
of the milk cow rearing in CR is not possible to be con-
sidered without transfer to the free systems of housing,
both bedded and not bedded. These stables have to be
equipped by modern technological systems with appli-
cation of automated data collection and their evaluation
by computer for the purpose of the breeding control.
Only under these conditions it is possible to ensure
a high labour productivity, reduction of negative im-
pacts onto environment, ensure welfare for animals and
high quality of the final product. Technical and techno-
logical systems used in current modern stables for milk
cows in CR do not differ from similar stables built in
the EU member states and meet requirements for wel-
fare and environment protection applied in EU.

These stables and farms are as well necessary condi-
tion for the production costs reduction and maintenance
of the Czech farmer’s ability to compete within the
challenging environment of EU.
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v zemé&délstvi byla v roce 1989 3 455 K& a v roce 1998 jiz 9 143 K&). Do vyvoje v zemé&délstvi vyrazné zasahla i inflace,
které se za sledované obdobi zvysila o 270 %. Pfitom v3ak doslo jen k malé zméné sménného kursu K¢ vi¢i hlavnim svéto-
vym méném, tzn., Ze se pro Eeské zemé&délce stala cenové dostupnéjsi kvalitni zahrani¢ni zemédélska technika Dochazi
k vyraznému zvySovani produktivity prace zavddénim modernich pracovnich postupli a systémi ustajeni, ke zvySovani uzit-
kovosti, sniZovani vyrobnich nakladi na jednotku findlniho vyrobku a ke zvySovéni kvality produkce u podnikd, které chtéji
v tomto naroéném ekonomickém prostfedi obstit a prosperovat. Souéasné viak vedou k Gtlumu vyroby a zaniku neekono-
mickych chovii. To se projevilo vyraznym poklesem poétu dojnic na 640 tisic v roce 1999, coz je 0 49 % méné nez v roce
1989. Ve stejném obdobi viak vzrostla roéni primérna uZzitkovost o 26 % a v roce 1999 prekrocila hranici 5 000 1. Pfesto
doslo k celkovému sniZeni vyroby mléka asi o 30 %. V disledku tohoto vyvoje se uvolnily zna¢né ustajovaci kapacity, které
byly z&asti vyuzity pro jiné GCely, nékteré byly zcela opustény a dalsi G¢elné rekonstruovdny a modernizovany na volné
boxové staje s dojenim v dojirné. Z celkového potu 1 247 tisic krav bylo v roce 1989 ustajeno ve volnych stijich jen
108 tisic zvifat, tj. 9 %, a zbytek byl ustdjen ve vaznych stajich s dojenim na stani. V roce 1999 bylo ve volnych stajich
ustajeno jiz 278 tisic krav, tj. 43 % z celkového podtu chovanych krav. Tyto stdje jsou vybaveny modernimi dojirnami,
kterych bylo po roce 1989 postaveno vice nez 730. Je tedy zfejmé, Ze nezbytnou podminkou pro eckonomicky Gspésny chov
dojnic je zavadéni inovaci, napf. volného systému ustdjeni vybaveného modernimi technickymi systémy. Tak bude zajiSténo
vyrazné sniZeni vyrobnich nakladl a konkurenceschopnost. Sou¢asné to povede ke zvy3eni produktivity prace, sniZeni nega-
tivnich vlivli na Zivotni prostiedi, zaji§téni welfare pro dojnice a ke stilé kvalité findlniho produktu.
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