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PREFACE

The expectation is that the first prototypes of "automatic milking systems” will be marketed the
coming years. The system combines a milking robot {automat) and a management sysiem, that
incorporates automatic milking in the dairy herd operation. This study assumes, that automatic
milking systems will mature some day. With maturity is ment that the time for testing has
passed and that the equipment works technically satisfactory.

Preceding introduction in practice a testing period is often performed at the experimental
stations. This testing is done in such a way that the use of the equipment on practical farms is
imitated. During the testing periad negative experiences can be adjusted and improved. This

results in systems that are well developed, when introduced in the field.

Dairy herd management is traditionally centered around two times milking a day. In a few
countries, on a very limited scale cows are milked 3 times a day. With autornatic milking it is
not needed any more that the farmer provides physical assistance during the milking of each
cow. In other words, the linkage between human labour and the milking of cows wili be ended.
Realisation of this goal signifies a new era in the mechanisation and automation of the dairy
farm. It will be a very important development for the management of the dairy farm, for the

dairy man himself and for the cow on the farm.

Considering these technical developments the Board of the Research Institute for Dairy Cattle,
Sheep and Horse Husbandry {PR} at Lelystad has requested to place the automatic mitking
system in a broader perspective. Also, the guestion is raised if further research in this field is
needed and especially, if research should start towards implemention of automatic milking in a

whole dairy farm set-up.

To answere these questions, a commitiee was appointed composed of representatives from

varipus organizations and research institutes in the Netherlands. The members of the committes

were:

ing. H. Los Dairy farmer (chairmani

dr.ir. A. Kuipers FR (secretary]

ir. J. Frouws Cepartment of Sociclogy, Agricultural University
ir. G.W.J. Heerink Dairy Company, Coberco

ir. A.A. Jongebreur IMAG-DLO



dr.ir. A. Osinga

ir. AT ). van Scheppingen
L. Timmermans
H.ALA . Versmissen

prof.dr. P.R. Wiepkema

prof.dr. L.C. Zachariasse

_7-

Wacational Traintng Centre for Dairy Husbandry and
Grassiand Management

PR

Dairy farmer

Cairy farmer

Department of Animal Husbandry, Agricultural
University

LEI-DLG.

The research report was written under the responsibility of this committee. Also two firms,

developing milking robots, have positively contributed to the discussions. Colleagues from other

coupntries were so kind to provide us with impressions about the perspechives of automatic

milking in differant regions of the world.

A working group prepared the various chapters of this report. The working group was

composed of:

ir. A.T.d. van Scheppingen
ir. P.B. de Boer

ir. AH. Ipema

ir. A.P. Subne!

ing. J. Visch

PR {chairman)

LEI-DLO, detached on PR
IMAG-DLO

PR

PR

gr.ir. A, Kuipers
director
Research Institute
for Dairy Cattle, Sheep and
Horse Hushandry (PR}



INTRODUCTION

A Dutch study from 1989, named "Aspects of automation in dairy busbandry” {23} was used
ag starting point for this report. In the study the consequences of a further automation in the
dairy sector were described in a global way. This research report concentrates on the concept
of automatic milking and the effects for the dairy farm and the surrounding community. The

majority of data used is from research performed in various countries since 1988,

in chapter 1 the conseqguences of an automatic milking system {milking robot/automat and
management system) for the management of the farm are outlined. Because present milking
automats are developed for use in loose housing systems, implementation of automatic milking

in starchion barng is not considered.

in chapter 2 and 3 the interaction between auvtomatic milking systems and respectively the
dairyman and the cow are analyzed. The prospects of automatic milking depend on the
suitability of the system to fit in the farm operation, the effects on the welfare of the farmer
and his family and on the welfare of the herd. However, economical aspects wili also piay an

impaortant role in the prospects of the system.

In chapter 4 factors influencing the rentability of automatic milking are explained. Environmental

and energy aspects receive more and more attention in the dairy sector.

In chapter & possible relations between automatic milking, production level and environmental
1ssues and energy use are oudined. Automatic milking will alse have consequences for the
service grganizations in the sector, like the dairy cattle wnprovement organizations and the dairy

industry. This is described in chapter G.

In chapter 7 the interest of dairy farmers for automatic milking is estimated. Types of farms and
conditions that are iikely 1o favour the introduction of milking automats gn dairy farms are
mentioned. Aside of econorical aspects social Tactors will be very important. The analyses is
based on the siuation in the Netherlands. In chapter 8 some impressions from other_ countries

about the prospects of automatic milking are presented.

Finally, in chapter 9 an overview of research questions is listed.



1. INTEGRATION INTC FARM MANAGEMENT AND FARM STRUCTURE

For proper farm management it is essential to know whether an automatic milking system needs
permanent or periodic monitoring. This study is based on the assumption that in the end a few
personal inspections per day will suffice for manitoring. This means that besides the automatic
milker as such, a management systermn should be developed which can take over the farmer’s
supervision duties during the milking process. The system will be developed to realize this aim

and consequently 1o create a fully automatic milking system.

The performance of the system to a Ialrge extent depends on the readiness of cows (o call at
the milking robot spontaneously or, otherwise, the presence of a system to bring the cows to
the milking system. The desired frequency of milking also deiermines whether the system can
be integrated into the farm operations. When the cows are to be milked more often than twice
a day, they will have to stay permanently near the milking facilities. This has an effect on 2.9.
grassland utilization. Cows will have 1o enter the milking unit as clean as possible. Much
attention will have to he paid to the detection and treatment of prohlem cows. As it is assumed
that the farmer will supervise the herd periodically only, be will have to rely on a management
information system to monitor the milking of the cows. Problem cows will have to be detected

with sensors. Below, the various aspects are dealt with.
1.1 Housing

For fully automatic milking it is desirable that the cows spontaneocusly visit the milking automat
several times daily. This could be achieved by combining the milking process with the supply of
concentrates, for which purpose a milking point can be combined with a feeding station. If
concentrates are given during milking, many cows will be prepared to call at the milking
automat several times a day. But the question is how many cows under different conditions wil!
visit the unit too infrequently. Cows will also experience a certain pressure 1o give off the milk
several times 3 day. Especially with mixed feeding, where often a considerable part of
concentrates are provided at the feeding rack, it is most questionable whether the animals will
enter the mitking automat of their own accord. It is anticipated that the problems will be greater
the more often the cows are expected to be milked {e.g9. 4 - 5 times daily compared with 2 - 3

times).

If & cow refuses to call at the milking automat at the required frequency, compulsory walking
routes should be laid out n the house, for which various options are conceivable. For instance,

the cow is identified in 3 selection gate on the route and then sent to the milking robot. When



leaving the milking automat, sha is selected again. Animals showing deviations in health or

behaviour are sent to a holding pen.

The most rigid controlting system is the presently used milking provedure: the cows are brought
to the waiting area, where they are gradually forced towards the parlour. As a matter of fact, a
system which controls animal flow will set higher requirements on the layout of the livesiock

house than a system in which cows come to the milking automat freely.

It is evident that a milking system which allows the cows to come by therselves, can result in
delays in the milking process. At various stages of the automatic milking process the cows are
not iikely 10 hurry. in case of siow movement through the milking process, tess cows can be
milked in a certain time. The speed at which a cow mowves through the system may be
influenced by both the feed supply and technical measures {driving bar). In research at ‘De Vijf
Roeden’ Experimental Farm {IMAG-DLO) Duiven, attention is being paid to this aspect. Initial
research results reveal that cows are milked voluntarily 3 - 4 times per day (1,2,3.4) when use
is made of a certain degree of presence control {e.g. collecting the fast few cows still to be
milked}. The location of the milking automat inside the house and the layout of the house can
atso influence the freguency of visiting the milking unit. Conseguently, guite some variation has

been found, depending on how the experiments have been set up.

When a new livestock house is to be built, the automatic milking system can be installed right
away on the ideal spot. There is no need to install a milkking parlour then. If the automatic
milking system is to be installed in an existing building, it is necessary 10 examing whether the
place of the present milking parlour is also the right place for the new system. For a system to
be visiied by the cows voluntarily, they will have to be housed around the automatic milking
systemn as much as possible. This is less strict for a cow driving system, which can also be

used In combkination with the present setup of the building.

1.2 Mutrition

Concentrates can be provided in the automatic milking systemn and/or in special feed stations.
Forage will continue 10 be given at the feeding rack. Mixed feeding systems have the
disadvantage that providing concentrates in the automatic milking automat is hardly necessary,
so that the enticing effect on the cow is practically lost. When cows are housed throughout the
summer, conserved forage or freshly mown grass can be fed. Providing the same type of
conserved forage throughout the year can have a favourable effact on the stability of the cow's

rumen flara and fauna. This can result in smaller fluctuations in the fat content in milk. The
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system imphes, however, that more concentrates have to be given. It is also possible 1o appiy

zerg grazing, with fresh grass being fed 0 cows housed in summer.

Changing over to more freguent milking will cause the milk vield to rise, and consequentiy urge
the need to adapt the rations accordingly. [t is anticipated that the cows will be fed more
evenly distributed over the day. Whether vield-based group accommaodation is practicable or

desirable together with automatic milking, cannot be judged vet.

1.3 Grassland management

With frequent milking, cows are kept near the milking system. This will certainly apply when
there are no longer fixed milking times. In that case, three options of grassland utilization
remain:

- limited grazing,

- zerg grazing, with fresh grass being fed in summes to housed cows,

- summer feeding, with conserved forage being provided throughout the year.

Limited grazing or providing an putside exercise area seem 1o have convincing disadvantages as
they cause quite some organizational problems. if the cows are allowed to graze for a few
hours per day, the farmer will have 1o release and [ater to collect them. If it is entirely left up 1o
the cows whether to go outside or not, they should return te the building spontaneously after a
certain period of time, which in practice they are not likely to do. Furthermore, grazing conflicts
with an efficient automatic milking practice. It is not possible for an automatic milking system

to be evenly occupied throughout the day if the cows are allowed cut 1o graze.

In combination with automatic milking, zero grazing and summer feeding will be the most

suitable options. There are still uncertainties, though, as regards animal welfare and health. It is
known of some farms using these feeding systems that the cows have more foot problems. But
this does not apply to all farms. Providing an outside exercise area might have advantages after

all.

Forage production for zero grazing and summer feeding is more expensive, The costs of
contract work are higher or more has to be invested in machinery. Summer feeding simplifies
grassland management, and the cows’ diet is more constant over the year. Zero grazing entails
certain operations having 1o be carried out during the day so that the stockman is more tied o

the farm. Providing conserved forage is somewhat easier to automate, but it is also more



laborious than grazing systems. Therefore, for several reasons, it remains desirable to find ways

to include a few hours of grazing (e.g. 4 - G h a day).

In traditional grassland management, mowing is subordinate to grazing. In cases where the
grass is harvested only by mowing, the guestion will arise what grass dm vield levels are
optimal on the farm. If forage is only provided te housed cows, the options of mechanized

forage feeding have 10 be considered.

If grazing is abandoned, the options for land use are widened, as concentrate replacers can be

grown in addition to grass.

Zero grazing and summer feeding, with dairy cows being concealed from sight, will to a large
extent effect the landscape, which would then be decorated with young stock, dried-off cows

and beef cattle only.

1.4 Hygiene

Reguirements on the quality of milk will become even more strict in the future, Therefore, it is
an absclute must for cows visiting the automatic milking system that their udders and teats are
clean. Proper udder and teat hygiene is to be achieved with the smaflest possible amount of
water in order to minimize the risk of mastitis and reduce inconvenience to the environment due
to the discharge of rinsing water. How to materialize this, is a guestion 1o be dealt with by
research institutes. A sclution might be a pre-treatment cubicle where udder and teats are
cleaned automatically before the cow is allowed to enter the milking system. The reguirement
of hygienic conditions n the house is also likely 1o be tightened when miiking is done

automatically.

A cansequence of autamnatic mifking is that cows
have to be kept inside or near the livestock house.
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1.5 Management

Traditionally twice a day, the contact between herdsman and cow will became less when cows
are milked in an automatic system. Farmers will perform their supervisory task in a different
way. Detecting mastitis in cows is most essential for autornatic milking to succeed. Heat and
disease detection will also require attention. The latter can also be catered for by the farmer
making time for this purpose at other moments of the day {2 or 3 times). In addition, detailed
information on the individual cow can draw the farmer’s attention to any deviations or
problems. Such detailled information can be provided for by sensors for mastitis, heat and
disease. This ‘'management-by-exception’ {recording of deviations) will have to be highly

sophisticated in order to be able to keep "an eye on the herd”.

At the milking point there should be 3 separation facility where cows, if necessary, can receive
special treatment and be milked individually. This applies to cows infected with mastitis in
particutar. This should be taken into account in the livestock house fayout and the control

technigues.

1.6 Research aspects

Research on farm management will especially deal with the desired milking frequency in relation
to vield level and stage of lactation. This to a large extent determines the conseguences of
automatic milking for the farm tayout, the capacity of the automatic milking systam and the
farm management {grazing compared with housing throughout the year). Furthermore, more
detailed information should be eollected on the readiness of cows 1o voluntarily enter the
automatic milking system at various milking freguencies. Subsequently, the location of the
system in the house and the pregence of any cow driving systems need to be investgated.
Attention will also be paid to the effects of more frequent milking and of limited or no grazing at
all on feeding. In combination with an automatic milking system, the bygienic standards in the
house must be very high. To achieve this, existing technigues may be combined. it is
conceivable that new systems will be developed to optimize farm management and structure.
Management-by-exception {recording of deviations} will be essentiat with automatic milking. To
detect deviations in cows, sensors will have to be tested and introduced on farms. Methods for
the automatic separation of cows (or their milk) will have 1o be further developed and adapted
to the farming practice. Especially cows with mastitis will have to be automatically separated

from the normal milking process.



2. EFFECTS ON THE FARMER

Despite all innovations, the average farmer still has a seven-day working week and working
hours which are above standards generally accepted in society, In addition, he has to deal with
an ever-increasing complexity of the production process, which is parily caused by the demands
of society as regards his farm management. For that reason it shall be estimated what the
effects will be of automatic milking on the physical workioad and on the degree to which

farmers are tied down by their business.

With automatic milking goes an exiensive management system which takes over the farmer’s
supervision during the milking process. It is important to stress how important this management

system is to the farmer and his farnily.

2.1 Labour demand and worklioad

Once it has been developed to maturity, the automatic milking system, in combination with
sophisticated process automation {sensors), is expected to bring about 2 considerable economy
of labour {5]), the degree of which, however, can hardly be estimated. Automatic milking wilt
result in a lower physical workload. The stockman’s function will shift 1o more general

supervisory work. Only in case of failure he will have to take action.

For the near future, thare will be no mature comprehensive system as yet, The first milkking
automats 1o be introduced on farms, the herdsman will likely have to stay near the unit to
provide assistance for attaching the cluster to some of the cows. At first it will appear to be
difficult that supervisory duties are taken over by a management program. Probably, ihe
stockman will still have to be present for separating any problem cows. Later, on-going
technicat optimization will probably result in a system which has the farmer on call with an

ample time interval.

2.2 Restraint on the farmer's freedom

As stated before, there is strong doubt whether at short notice farmers will be less tied down
by their business, with a simultaneous economy of labour. To some farmers the system may
even make their work more stressful. For, if a farmer s continuousiy on call with a smali time
interval, this could be experienced as worse than the usual milking process. This will certainly

be the case if the level of automation has not been adequately tuned to the farmer.
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In the long term, with increasing rehability of the system, the farmer will clearly be tied down
less by tus farm. He will then be able to plan his own time as he no longer depends on fixed
milking hours. To the farmer and his family this offers opportunities to have a kfe-style which is
more in line with that of people working in other sectors, Major factors in the introduction of
any type of automation on the farm, and in particular where automatic milking is concerned, are
the farmer’s attitude towards changes in the nature of his work, the knowledge reguired and
the binding to his business. At this point of time, however, this might not be the most
important point. Pioneers may be expected to cope with bigger burdens (if they face some

iniia!l disappontments}, have a more profound knowledge and have a more fiexible attitude.

2.3 Management support

The emphasis in farm management of the last faew years bias been more on the gualitative
improvement of production than on greater quantities, which is mainly due to the introduction
of milk guctas. When the daily check during milking is omitted, the interchange between farmer
and cow, the farmer’s observations will 1o a large extent have to be taken over by the
automatic milking system. The farmer can, indeed, use part of the labour saved on actual
milking for a number of observation rounds of the herd during the day. This can he done very

effectively, especially if performed on the basis of attention lists as produced by the

managenent system.

Automatic mifking requires fess physical labour.
Supervision remains necessary.
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By combining infarmation obtained from various sensor types (milk yield, concentrate rations,
conductivity of milk, temperature and animal activity) the automatic milking system can offer
this option. By means of these sensors, the farmer receives information on judder) health and
fartility {6). The practical success of the automatic milking system will largely depend on the
reliahility of information which the Management Information System {MIS) can offer the farmer.
On the basis of this information animals shall be separated {isclaiion boxes}) and/or prevented
access 1o the automatic mitking systam. In this way the milk guality can partly be monitored
{separate collection of types of milk). A sensor for milk composition will also be desired.
Especially on large farms the automatic recording of process data can reduce the mental load on
the farmer. For this it is necessary for the data 10 be expressed in simple management figures.,
The future farmer is assumed to have the knowiedge required for interpreting the data. A
different type of knowledge and insight will be demanded of the farmer. Not every dairy farmer

will be interested in this.

2.4 Research aspects

There should be more insight into the potential labour economy achieved by automatic milking.
Insight into the work pattern can be obtained by means of time studies on farms where cows
are mitked automatically. This applies even more to a well-functioning complete automatic
milking system li.e. including a management program), once it should become operational. In
such a system the management-by-exception concept should make decisions during the milking
process, e.g. separating cows or their milk. Research is required inte the combining of attention
items to useful practical information. Furthermore, research will have to work out the
presentation of data to the farmer. It is important that data are converted into unambiguous

management figures.

Mitking frequency and mitking rechnofogy
are gspects of automatic
mifking which require further research.




3. EFFECTS FOR THE COW

Higher vields and milking freguencies must result in a longer total time that the teat cups are
attached tc the cow. This is an additional load on the cow which bas to be minimized by
adequate milking technalogy. Consequently, automatic milking will increase the need for
technology geared more to the lindividuall animal. This implies that it has to be formulated more
accurarely what the needs of the animal are. In addition, an inventory has to be made of effects
of a new or improved milking technology and of changes in milking frequency on mitk yield, milk
composition, milk quality, teat guality, animal health and animal behaviour. Milking without
direct human sugervision also requires safeguards to prevent unfavourable effects on animal

health and milk guality.

3.1 Mitking technique

The hetier the milking techaclogy has heen adapted to the cow, the longer she can stand being
mitked. When cows are mitked more often a day, matters such as opimum puisation contrgl
and vacuum level become highly important. As to teat quality, research results have to some
extent been ambiguous, but there are indications that a very high milking frequency {more than
four times a day), has undesirable effects. It is known from experience that an adeguate layout
and adjustment of the milking machine allows cows to be milked three times 2 day. Research
wiil have 10 be performed to find out when the present miiking technolegy is less suitable for
higher milking frequencies with the consequently longer total milking times. In addition to well
known items such as milk transfer height and vacuum, research is also needed into

improvements in milking technology which are made possible specifically by automatic milking.

B
fhenes

1

A proper hiygiene of cows is necessary for automatic mifking.



3.2 Mikking frequency

The number of cows to be milked in an automatic sysiem in particular depends on whether the
equipment is vsed efficiently and on the frequency of mitking. Research has shown that cows
are prepared to be milked voluntarily 3 - 4 times a day {1,2,3,4). At De Waiboerhoeve
Experimental Farm it was found in experiments with an automatic milker that there is some
hesitation among cows to come voluntarily to be milked more often. What the optirnum milking
frequency is exactly, has yet 10 be found, but it is ciear that it is in between 2 and 4 times 3
day. In that case a number of 25 - 40 cows {including dry ones} per milking automat or
robotarm is considered. For most farms this would imply that they need two or three units. The
number of milking autorats, the preferred milking frequency and the degree of freedom for the

animal in the system will have 10 be balanced against each other,

The guestion also arises whether it s permissible with more frequent miiking to milk sometimes
threg of two teats instead of all four. From the technical point of view it is not easy to realize
and perhaps even inefficient if all teats must be spotted each time. If first location runs are only
partly successful and a new location run has to be staried o find teats still undetected, the
animal will have 10 stay in the milking system longer. if the herdsman is 1o be called i such

cases, this also takes time and is inconvenient.

3.3 Production level

Both experimental and practical results have shown that higher milk vields are a conseguence of
a raised milking frequency. The effects of more frequent milking on milk vield have been studied
n a number of research projects in the Netherlands in the last few years {1,2,3,7,8). The
ingcregase in milk yield appeared to vary betweean 10 and 15 %. It was also found that this
mcrease was linked to a reduction in fat content. Because the effect on protein content was
less apparent, the fat to protein ratio became narrower. The effacts of various milking
frequencies appear also to be related to the stages of lactation. it seems that the greatest
effects on production need necessarily become apparent in early lactation. This publication
further assumes 3 10 - 15 % increase in milk vield and a slight decrease in milk and protein

contents of the milk.



Awtomatic mifking can only succeed if cows visit the mifking unit
voluntarily

2.4 Mk quality

The milking interval also affects milk guality. According to foreign literature the somatic cell
count {SCC) is lowered when the milking freguency is raised {41, Research carried out at IMAG-
DLO rechearch farm showed the SCC for both test and reference groups 1o be on the same low
level of an average of 150 000 per ml milk {3). It has also been observed, however, that a

slightly raised milking frequency is accompanied by a iower cell count {7},

A real risk of stepping up the mitking frequency is that of a raised free fatty acid content 19}, as
was confirmed in other research (7). i is generally known that there can be wide variations
armong individual animals. For some cows a raised lipolysis is already found when they are
milked three times a day. There are indications {10} that the risk is greater when the gquantities
of milk are small. It has to be found in research which animals can be milked three or four times

a day without problems with lipolysis occurring.

The total bactenial count, a8 major quality indicator, is hardly affected by the frequency of
milking but all the more so by the frequency of cleaning. Research by the CMMB, the {(former)
Research and Extension Centre for Milking, Milk Hygiens and Farm Dairying in the Metherlands,
have shown that the hacteriostatic action of fresh milk has a favourable effect on the bacterial
count. These studies were based on as well model situation {11) as practical experiments.
These studies were based on as wel!l modei situation {11} as practical experiments. The required

cleaning frequency depends on the ambient temperature. Under favourable conditions, twice



cleaning daily is likely to suffice. |t has to be remarked that the cleaning circuit in an automatic
milking system can be much smaller than in a usual system, so that the water consumpiion per

cleaning can be reduced.

In addition to the quality aspects in relation to a raised milking frequency, the absence of
supervision has other consequences for the milk guality. Cleaning of the udder should ensure
that the teats are really clean. Research has shown (12,13} that technical solutions for the
cleaning of teats are promising. But this does not solve the whole problem. Milk of poor guality
can also be due to the fact that vudders are dirty. So far, automatic detection of dirty udders
could not be realized. Therefore, automatic milking will require the hygienic conditions in the
house 1o be optimal t0 ensure that each cow is milked with her udder being fairly clean. Under

such conditions, a dry cleaning procedure of the udder will be preferred.

Cleaning the udder should also stimulate the let-down of milk. Research has shown that no

probiems are to be expected here (141,

3.5 Health and breeding

A PRICMME literature study (15 has shown that higher yields are generally accompanmed by
healthier udders and consequently a lower cell count. Also, despite level of production, the total
number of cells excreted in healthy cows was found to be constant throughout the lactation
period. This implies, as a matter of fact, that the scc per ml of milk is not constant. Other PR
research |8} has shown that stepping up the milking frequency to three times a day does not
affect udder health. Research in the USA {16,17) indicates that three times milking helps to
prevent mastitis. Furthermore, wearing off of the vdder was reported to be less {18,19]. But
raising the milking frequency to three times a day causes the risk of cross-infection through the

milking machine to increase by 50 % {16,17).

In general, the higher milk yield will require a better health and fertility management. How to
realize this, remains an item of research. A system in which the animals are housed ail-year-
arocund or are only allowed a limited outside exercise area, will have to deal with more foot and
leg problems. Possibly, animal breeding programs might belp here in that the animals are

selected for their resistance 1o such problems.

Something similar will apply as regards the uniformity of the vdder shape. This aspect will
certainly become more important than it already is. A number of animals will have to be culled

hecause of these characteristics. Developments such as embryo cloning and embryo transfer
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can help ingrease the uniformity of the herd. More detailed research is needed to find out which
characteristics ongoing autamation will require as regards the exterior traits of animals. The
present breeding programmes have only limited scope for selection on extenor trains. Whith 2
value of about 0.3, the heritability of these traits, however, is fairly high {20). This means that
udder characteristics w a herd can be adequately corrected within two generations, if desired
{21).

3.6 Animatl behaviour and welfare

When high vielders are milked at intervals of 9 and 15 hours, they appear to lie down less
during the last few hours before milking because of the greater pressure in the udder, especially
during the long interval at night. From raising the milking frequency it may be expected that this

inconvenience is ended. Indications for this have been found in actual research {22,23).

So far, not much is known about the behaviour of the animals in a voluntarily milking system
thoth in and outside the milk autemat). Their behaviour is indeed a determining factor for the

success of a system for automatic milking.

3.7 Research aspects

Above all, research will have to deal with the milking frequency that creates the optimum
situation for an efficient production, for animal health and welfare as well as for milk guality.
Animal behaviour is also of great importance with regard to cows spontaneously visiting the
milking automat. The milk quality must be closely monitored, especially the formation of free
fatty acids. The technology of a milking systermn with three to five times milking a day needs
further research. To the cow, the milking process should be an agreeable experience. Attention

should be paid to finding the optimum udder form and teat placement for automatic milking.
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4. PROFITABILITY

An automatic milking system will require a substantial capital investment in machingry,
management program and housing equipment. The decision whether an investment will be
made in automatic milking will in most cases arse when the old milking parlour has to be
replaced or rengvated. investments in adaptations of the old parlour will then be balanced
against investments in an automatic milking system and the adaptations reguired for integrating

the system into the existing dairy house.

Because automatic milking demands various modifications in farm management, there will noi
only be changes in investment costs but also in a number of vields and costs. Raising the
milking frequency entails an increase in milk vield by about 10 to 15 %. Under the constraints
of the quota system this must result in a smaller herd and conseguently in a smaller amount of
forage needed. If the raised milking frequency requires the cows to be housed all vear round,
the costs of forage production and feed supply will increase. The shrinking herd size will result
in alower figure for annual replacement costs. In the long term, depending on the structure of
the labour capacity, texternal) labour may become redundant and discharged or deployed in a

diffarent way.

By making calculations for the farm, various of these effects can be determined. Thesea

calculations have been made with the PR-dairy farm-model (34).

To be able 1o calculate the profitability of an automatic miiking system, three major items have
been considered which determine the maximum acquisition value. The first item is the outside
grazing or indoor-feeding-system. Secondly, attention is paid to milk yield and composition, and
the third item concerns the investments in a usual milking parlour with desired automation of
cow data as an alternative to an automatic milking system. In addition, attention is briefly paid

1o the labour factor.

4.1 Grazing or feeding system

In cases where no grazing at all or anly very limited grazing is possible, a transition will have to
be made from the present grazing system to zero grazing (feeding fresh grass in summer) or
summer Teeding ifeeding conserved forage throughout the year). Calculations show that, at
unchanged level of milk quotas, the transition from an extensive grazing system, e.g. day and
night grazing (unlimited grazing, 04 system} to overnight housing with supplementary feeding

of 3 kg DM forage maize {imited grazing, B4 +3 system} will generaily incur higher costs. A



transition to indoor feeding, e.g. zero grazing (Z) or summer feeding {S} will cause even higher
costs. Where profitability is concerned, the system which causes the cow to do most herself, is

the most attractive one.

Table 1 shows the average decrease in gross margin of cutput minus variable costs due o
changing over to other grazing or indoor feeding systerms, expressed in guilders per hectare.

These results are worked out in more detail in Appendix 1.

Table 1: Average decrease in gross margin {Hfl’hectare} when changing over to a different
grazing system or summer feeding (S) based on unlimited grazing (04), himited grazing
with supplementary feeding 3 and 6 kg DM forage maize (B4 +3 and B4 + 6}

From/io B4 +3 Bd+6 S

04 200 350 %75
B4 +3 . 150 375
B4 46 . 225

Tabie 1 shows that the costs of changing over from unlimited grazing {04) to limited grazing
and supplementary feeding of 3 kg DM forage maize {B4 + 3} average HH 200 per hectare. By
stepping up the supplementary feeding (B4 +6) the costs increase to an average Hfl 350.
Changing from unlimited grazing to summer feeding costs an average of Hil 575 per hectare.
Changing from limited grazing to summer feeding costs Hfl 225 - 375. The major causes of the
lower gross margins with limited grazing and summer feeding are the higher costs of forage

production and land spreading of slurry.

4.2 Witk production and composition

Table 2 shows the average increase in gross margin per hectare expressed by a2 1000 kg higher
milk yield {from 7000 to 8000 kal, a .15 % lower fat content and a 0.06 % lower protein
content. These effects are shown for two milk quota levels and for the different grazing
systems and summer feeding. The effect an milk yield and composition in everyday practice will
depend on a range of factors. Appendix 1 shows how the increase in gross margin is effected.
Particularly effective here is a decrease in total costs. This is the combined effect of the smaller
herd with lower cattle costs and {for the farm with milk quota of 15 000 kg per hectare) less

forage 1o be purchased.
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Tahie 2: Average increase in gross margin {Hilfhectare) due to higher milk yield per cow fram
7000 to 8000 kg and lower fat and protein contents by 0.15 % and 0.05 %
respectively, at quota levels of 10 000 and 15 000 kg/hectare, unlimited grazing {O4),
limited grazing with supplementary feeding 3 and & kg DM forage maize (B4 +3 and
Bd + 6} and summer feeding [3)

Grazing system Milk guotg levels

10 000 15 000
04 70 190
B4 +3 110 200
B4 +6 N 200
) 100 140

'} No calculation has been miade for this situation because it is not realistic

The calculations for Table 2 do not include any favourable or adverse effects as regards animal
welfare, health and life expectancy. Apart from that, these effects have not yet been guantified
gither. In most cases, combining the increase in gross margin due to higher milk yields and the
decrease in gross margin due to changing over to another grazing or indoor feeding system
results in a lower gross margin. For changing over from unlimited grazing with a milk vield level
of 7000 kg per cow to summer feeding with 8000 kg per cow, the average decrease in gross
margin amounts to approx. Hfl 450 per hectare. For changing over from limited grazing {B4 + 3}
with a milk vield level of 7000 kg per cow 1o summer feeding with 8000 kg per cow, the

average decrease is approx. Hfl 25G per hectare.

4.3 Investment in traditional mitking parlour

When the maximum acquisition value is calculated for an automatic milking system, the
investment in and the apnual costs of the alternative milking parlour have to be taken into
account. Capital which would normally be invested in renovation or replacement of a traditianal
milking parlour can now be invested in an automatic milking system. In actual practice there are
different levels of investment for furnishing milking parlours and the automation of cow data
handting. These differences in investment level causes differences in the maximum acguisition

value for the automatic milking system,

Table 3 gives an impression of three possible investment levels for eguipping parlours and the

automation of cow data handling. Details of the calculations are given in Appendix 2.
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Table 3: Investments in milking parlour and related automation, together with annual costs
involved at different herd sizes and different investment levels (Hfl/cow!; investments
rounded to Hfl 25, annual costs rounded to Hfl 10

Investrment Bairy herd size
level 40-50 70-80 =100
fnvest- Annual invest- Annual Invest- Annual
ment costs ment costs ment costs
Low 975 210 800 200 87% 200
Average 2100 490 2025 470 1800 420
High 3775 880 2800 850 2400 550

In table 3 large variations in investments in the milking parlour are shown. These are largely
ascribable to the wishes of the farmer as regards layout and equipment of the parlour and
related automation. in addition there i1s the effect caused by the larger scale, which is seen

especially with the higher investment levals.

With a view 1o its functions, the automatic milking system can best be compared with a miiking

parlour which has a high leve! of investment.

4.4 Maxiinum acquisition value for automatic mitking

Profitability of the automatic milking system is expressed ip the 'maximum acquisition value’.
This is the amount of capital which may be invested in the system to achieve the same net
farm result as with a traditional milking parlour. if the investment exceeds the maximum
acquisition value, net farm results will be smaller. And it the investment is fower, results will be
higher. In the following equation the Maximurn Acquisition Value {MAV} is calculated by
accurnulating the Returns from the increase in milk yield {R_ ). the Costs of changing the
grazing systemn {C_,) and the savings in Annual Costs by not investing in a traditional parlour
1AC, )} and subsequently dividing this total by the estimated Annual Costs of the automatic
milking systermn {AC, ).

MAV = (R, - C. + AC_VAC L
In Appendix 3 the maximum acquisition value for the automatic milking system has been
caleulated for four different farm situations. The calculations were based on annual cost per-
centages of 20 - 30 % {interest, maintenance and depreciation) and on the various investment

levels for the traditional milking parlour.
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The capital outlays are given in Table 4, together with the investment levels needed, depending

on prices and capacities applying indicatively at the time.

Table 4: Maximum acouisition value (x Hfl 1000) per farm for automatic milking system at 2
investment levels for traditional milking parlour, 2 annual cost percentages for the
automatic system (20 & 301 and 3 herd sizes; 4 farm situations are characterized by
changing over to other grazing system and area-related milk quotas (10 000 ang
15 000 kg/hectare); estimated investment requirement {x Hfl 1000} per farm

Grazing Milk Investmeant Dairy herd stxe —
system quata level 40-50 70-80 ' = 100
from to 30 20 3¢ 20 30 20
04 B4+% 1000C  high 95 143 101 152 108 162
average 37 &6 56 B34 61 9N
G4 S 10 000  high 82 123 79 118 78 116
average 24 36 34 51 3¢ 45
B4+3 B4+6 15000 bhigh 121 1182 145 217 169 254
average 83 85 10C 150 122 183
B4+3 § 15 00 high 115 173 135 202 156 233
average 58 86 90 135 108 182
Estimated required investment 200 - 275% 275 - 400 300 - 550
Notes: 1. 04 = unlimited grazing
B4 +3 = limited grazing, supplementary feeding 3 kg DM forage maize
B4 +6 = limited grazing, supplementary feeding 8 kg DM forage maize
s = summer feeding

2. wWhen changing over to B4 + 86 systern, no higher milk yield was taken into account;
when changing over to summer feeding, it was.

Tahle 4 provides a variation in the maxirmmum acquisition value for each situation. This variation
depends on estirnated values for total costs of the automatic milking system and the layout of
the milking parlour selected if no automatic milking system would be installed. The annual costs
of the automatic milking system are based on cost percentages of 30 % {depreciation in 5
years) of the replagement value and of 20 % {depreciation in 10 years). The actual level of this
percentage is prasently not known but it is more likely to tend towards 30 % rather than 20 %.
In addition to this percentage, the layout of the milking parlour which would be selected
alternatively plays an important role. The principles bave been included in Appendix 2 and

Table 3.

Transition from unlimited grazing to summer feeding involves high area-related transition costs

{see Table 1}. The larger the farm, the higher these costs, without being adequately
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compensated for by non-investment in an alternative milking parlour. The conseguence is that
for this situation the maximum acguisition value becomes less when the farm size increases. For
a transiion to limited grazing (B4 + 6} the costs of transition will be less. In this situaticn,
however, no increase in milk yield per cow has been assurned because, even with limited
grazing with sugplementary feeding of 6 kg DM forage maize, it is not deemed possible that the
cows are milked often enough to realize such yield increases. In the end, the maximum

acquisition value increases with the farm size.

Changing from limited grazing with supplementary feeding of 3 kg DM forage maize (B4 +3) o
limited grazing with supplementary feeding of 8 kg DM forage maize (B4 +8) entails relatively
low transition costs. As a result, the annual costs made available due to non-investment in a
milking parlour, can 1o an almost full extent contribute to the maxirmum acquisition value for the
automatic milking system. Consequently, this maximum acquisition value is higher than in a
situation based on unlimited grazing {041, If, with limited grazing with supplementary feeding of
6 kg DM forage maize, a higher mitk vield per cow would nevertheless be possible, e.g. because
of more frequent milking during the winter, a slightly higher maximum acquisition value is

achieved than Table 4 gives for the system.

It appears clearly that with a decision in favour of a lower investment level for the milking
parlour {average level} the maximum acquisition value for the automatic milking system
becomes lower. With a low investment level for the milking parlour there is no leeway for an
investment in automatic milking. As a consequence, individual wishes as to the layout of the

milking parlour play an important role in the profitability of the automatic milking system.

In all cases the calculated maximum acquisition value is lower than the prices referred to far the
automatic milking system at the time. It has to be stated here that price levels and capacities of

automatic milking systems are provisional values.

The various suppliers give indications for the reguired investments for a herd of 40 - 50 cows of
Hfl 200 Q00 - 275 000. The latter amount applies to a system which ¢an handle more than 50
cows. This implies that the systern might work below capacity on the farm with 40 - 50 cows.

It is evident that this must adversely affect the profitability of the system,

4.5 Labour economy and reduction of physical workload

Another important point is the labour economy which could be achieved with a fully

autonormously operating system. For the immediate future it is assumed that no real labour
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economy can be achheved. But it could be possible to reduce the workload as the automatic
mulking system can take over a great deal of the physical efforts. In this period the farmer's
task will shift more towards supervision. For that reason no cost reduction due to actual labour
econory has been taken into account. When the system has estabfished itself, a real labour
economy seems to be feasible, with the farmer having to attend the milking process only from

time to time.

Economy in labour can be effectuated by enlarging the farm by acquiring guotas for more milk,
by expanding business into other sectors, by becoming a part-time farmer, or by discharging a
redundant worker. Discharging labour will only be possible for large farms. In Table 4 this refers
in most cases to farms with over 100 dairy cows. Then the maximumn acquisition value wiil
mcrease more. If a farm with more than 100 dairy cows can reduce its labour force by 0.5 - 1
fuli-time worker, this means an economy in annual labour costs of Hfl 32 500 - 65 000. As a
result, at a 30 % annual cost level the maximum acquisition value will increase by an amount of

Hfl 108 000 - 217 000 (see Appendix 3 for caloulation).
4.6 Conclusions

It can be concluded from the tables and figures in this chapter that the maximum acgquisition
value highly depends on the alternative for automatic milking. Large herds will require lower
investments to be made per cow because of the effect of the larger numbers; furthermore, the

surplus capacity for the automatic milking system may be smaller.

Transition t0 a more intensive grazing or indoor feeding system will render a considerable
decrease in gross margin per hectare, whereas the yield increase will produce a gross margin
increase. Furthermore, very decisive for the profitability will be the type of parlour and the
degree of automation chosen by the farmer, if be is not 1o invest in an automatic milking
system. For the time being, the facter of economy of labour will not raise the maximum

acquisition value substantizlly.

Prices now stated for an automatic milking sysiem will decling in the long run, when the system

15 introduced on a larger scalke.

In short it can be stated that it may become an alternative to invest in an automatic milking
system for farms where the milking parlour has to be renovated and for those farmers who are
open-minded towards innovations and seek to achieve a high level of automation and data

processing. The profitability of automatic milking will depend on price levels in combination with
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the capacity per milking unit, the capacity utilization of the milking system and the economy of

labour to be expected In the end.

The investment a farmer is prepared to make in a traditional mifking parfour
to a farge extent determines the capital available 10 be mvested in
automatic mitking.
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5. EFFECTS ON ENERGY AND THE ENVIRDNMENT

Far-reaching limiting regulations which concern the environment are being drafted for farms. Far
that reason the effects on the environment of innovations must be properly inventorized. Of
special importance are the utilization of nutrients (N, P and K), the volatization of ammaonia into

the atmosphere and the run-off and leaching of nitrate into surface water and groundwater.

5.1 LHilization of nutrients/minarals

As stated in Chapter 3, a higher milking frequency will cause the miik yield to increase. A well-
functioning automatic system which milks the animals three or four times a day, will raise the
yield by 10 - 15 % lapprox. 500 - 1000 kg fat and protein-corrected milk per cowl. Higher
vields imply that less cows are needed on a farm to reach the milk quota. This will bring down
the total forage reguirement of the herd, if the productive capacity (forage, labour,
accommodation) is not used for additional young stock or beef cattle. On self-sufficient farms,
this lowered requirement will result in a forage surplus. If less nitrogen is applied to the land,

the surplus can be prevented.

Considering the present average milk yield level of 7000 kg and an M application of

350 kg/hectare on self-sufficient farms, a forage surplus due to a rise in milk yield by 500 -
1000 kg, can he pravented if the N application is lowered by 50 - 100 kg N. Model studies at
PR {24} have shown that lowering the N application together with a milk yield increase per cow
can resuit in a substantial reduction in ammonia emission and nitrate leaching. These resulis
apply to guota ranges of 7 500 10 17 500 kg milk per hectare. Table 5 shows the eventual
effect of higher vields on ammonia emission and nitrate leaching, together with the effect of

lower N application.

Table 5: Effect on ammonia emission and nitrate leaching of higher milk vields per cow
{kg milk) and of lower N application on grassland (kg/hectare}

Reduction Reduction
i ammania in nitrate
emission {%) ieaching 1%}
1. Higher milk yield by
500 - 1000 kg 5-10 2-5
2. Lower N application
by 50 - 100 kg 5-10 17 - 3%

3. Combination of 1 and 2 10 - 20 =20 - 40
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At 3 vield increase by 500 - 1000 kg milk the ammonia emission is reduced by on average

b - 10 %. This is especially caused by a more favourablie ratio between feed for maintenance
and feed for lactation in the ration. A decrease in N application from 400 kg/hectare to 350 or
300 kg/hectare will reduce the ammonia emission by about & - 10 %. Combining a 1000 kg
miilk yield increase with 100 kg less N being applied per hectare will result in 3 decrease in
ammonia emission by more than 20 % . And nitrate leaching, as a result of combining the higher

milk vield with a lower N application will be less by 20 - 40 %.

If nitrate leaching is to be reduced even mare, the cows should be housed year-round, as this
measurement reduces the cocurrence of urine patches {except for voung stock} and allows for
proper management of nutrient supply and a suitable timing of manuring operations. When the
cows are housed year-round, the ammonia emission can only be lowered in combination with

adapted housing facilities {with corresponding investments).

6.2 Energy

Supported by the strongly developing environmental awareness, largely based on the €O, issue,
it is the policy of the MNetherlands gavernment to encourage energy saving and the use of
renewable energy. The policy 1s laid down in the National Policy Plan INMP Plus). The general
target is that in 1984/1995 the CQ, emission shall not exceed that in 1990 (25}, This requires
an annual reduction rate which is equal to that for the period 1973-1885, or rather more than
2 %.

Table 6 shows that the direct and indirect energy consumption per litre of milk on the average

dairy farm mainly depends on the extent to which concentrates and fertilizer are applied.

Concentrates are the major energy consumer in dairy farming, followed
by fertilizers.
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Table &: Percentages of energy consumption on a dairy farm {26}

Model) LEI?) random
farm sarnple of farms
Concentrates 48 58
Fertilizer 24 18
Electrigity 4 7
Diesel oil 6 &
Machinery & 4
Buiidings 5 4
Services 3 3
Farage storage i 1

'Y Energy consumption expressed in percent of total of model farm {Snijders, 1981)
Y} Calculated average energy consumption expressed in percent of total of LE! random samiple
of farms on sandy soil {1983 - 1986)

Concentrates and fertilizer are responsible for more than 70 % of the farm energy consumption.
When the milk yield increases and the milk guota remains the same, the forage reguirement of
the herd will be less, so that less N has to be applied. A reduction in N application results in a
lower energy consumption. Considered per individual cow, the higher milk yield does cause a
higher concentrate requirement, but the concentrate requirement per quantity of milk remains

the same at the present praduction levels.

The energy consumption can further substantially be reduced by growing concentrate crops on
the dairy farm. This is easier to realize if the dairy herd is housed year-round. Preliminary
calculations {26} carried out for the experimental farm 'De Marke', devotad to environmental
research in dairy farming, have shown that the energy consumgption can be reduced by nearly
G0 % as a combined effect of applying less N fertilizer and growing a substantial part of
concentrates for the own herd, when comparing the figures with those of conventional farms of
about the same size. This reduction especially refers to the indirect energy consumpticon. It has
to be remarked, however, that the present price situation in the Netherlands makes concentrate

growing on the farm less attractive.
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6. CONSEQUENCES FOR ORGANIZATIONS OFF THE FARM

Introduction of automatic milking will cause organizations affiliated with the dairy farm, to make
adaptations. How and te what extent this is tc be dene, will depend on the scope of the
interface. An essential element is the future level of knowledge required of the farmer.
Research, advisory services and education shall ensure a proper supply of knowledge to prepare
the present and future farmer for the bandling of large management information systems. This
chapter, however, will be restricted to the effects for the dairy industry and for cattle dairy herd

Iimprovement organizations.

6.1 Dairy industry

Milk quality monitoring as is to be practised with fully automatic milking might reguire the
presence of two milk tanks, 50 that one can be used for collecting abnormal {e.qg. mastitis) milk.
Adequate cooling is a requirerment to maintain the milk quality. As a result of the continuous
influx of warm mitk into the tank the milk temperature in the tank may tend to be higher than is
the case now, This may imply that the cooling system has to be adapted. Furthermore, the milk
quality aspects involved in automatic milking teell count, bacterial count, lipolysis, frequency of

equipment cleaning, cleaning of teats etc.} have to be examined more specifically.

Dairy factories collect farm milk at regular intervals, This can be done throughout the day and
even at night. If we assume that automatic milking is performed continuously, the mitking
process will have to be interrupted from time to time to allow for the emptying and cleaning of
the milk tank. An alternative can be a second tank to which the influx of fresh milk can be
switched over when the other tank 1s being emptied. Adequate arrangements shall be made
between farmer and dairy factory. It might be possible to combine milk collecting and thorough

cleaning of the instailation as a whole {inciuding clusters and pipelines) to a single operation.

6.2 Dairy herd improvement organizations

The official milk recording will have to underge certain modifications if the cows are milked at
various moments and more often than twice in a day. Sampling for fat and protein contents will

become complicated. The development of sensors for measuring the solids in milk 15 desirable.

It will also be necessary to modify the calculation routing for progressive total production, milk
yield prognosis etc, This intervention on managemerit level is certain to affect the lacration

production figures and the derived breeding value prdictions for cows and bulls. Cattle breeding
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probably will have to be based on the data and/or calculating procedures of the management

program that is connected with the automatic milking system.

Automatic milking has far-reaching conseguences for milk recording and breeding value

assessments, and more in general for the management service of the professional organizations.
. - 73

Mare emphasis requires the delivery of quality mifk {photo.
Zuiveizicht].
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7. PROSPECTS FOR PRACTICAL INTRODUCTION

7.1 Introduction

Priority and setup of the applied research on automatic milking partly depend on the number
and type of farms which could use such a system. The prospects for the practical introduchion

of systems for automatic milking depend on:

- milk guality
quality of eguipment
integration of the system into production process and farm strategy
etfects on profitability of farms [price level of equipment)
gftects on labour conditions
structure of the dairy farming sector

future developments expected as {0 above points.

Within a few years the equipment is assumed to be able to perform well under practical
conditions. The need for someone to be present for immediate intervention in case of trouble

will gradually become less.

A prognosis of the number of farms adopting automatic milking in the course of years cannot
be accurate. At the moment the guestions are more relevant whether automatic milking will be
suitable for a substantial number of farmis and what type of farms these are. This issue will be
discussed against the background of Dutch dairy farming, its conditions and developments as
expected. This discussion will be supported by a comparison with some other technical

developments,

7.2 Present situation in Dutch dairy farming

7.2. 7 Herd sizes

Under present conditions, 25 - 40 cows can be handled per milking automat of robot arm. An
automatic milking system containg one or two milking points. For that reason the minimum herd
size for automatic milking can be set at approx. 30 cows. The larger the herd, the higher the

maximum acquisition value {see chapter 4},
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The prototypes of present-day automatic mitking systems can be
appiied in combination with cubicle houses only.

In 1950 there were 28 700 farms with 30 or more cows in the Netherlands, which is 61 % of
farms with dairy cattle {27). These farms had a total of 1.6 million dairy cows, which is 85 %
of the national dairy cattle population. About 4200 farms had 70 to 100 dairy cows, and 1500

had 100 and more dairy cows.

Since 1984 herd development has strongly been influenced by the milk guata system. Recently,
the former pattern seerms to be appearing again, with the number of smaller herds becoming
less and that of larger herds increasing. The boundary between decrease and increase in the

number of herds now seems 10 be at approx. 70 cows per farm.

7.2.2 Housing type

The present types of automatic milking system are only suitable for cows which are not tied,

consequently with cubicle houses loose housing only.

In 1987 there were over 23 000 cubicle houses in the Netherlands. Despite the milk guota
system, these were 6 % more than in 1384 {27). If this trend continues, the number of cubicle
houses may be expected to be more than 24 000 in 1890, This figure covers more than half
the farms with dairy cattle. No data are available of the number of dairy cows housed in a

cubicle house, but it is likely to be 70 - 80 % of the total number of dairy cows.
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By far the major part of the cubicle houses in the Netherlands, or rather 94 %, can contain
dairy berds of 40 or more. Herds under 30 dairy cows will hardly be found in cubicle houses.
Sa, for practically all herds housed in cubicte houses there can be a good or tairly good

utilization of the capacity of an automatic milking system.

7.2.3 Mitk yield per cow

With an automatic milking system the cows can be milked more often than twice a day. As a
consequence they produce mare milk. Milking more than twice a day is especially found in high-
vielding herds. In the USA milking three times a day occurs quite often with production leveis of
10 000 kg and more. In a conventional parlour, milking more than twice a day s a high burden

on the labour orgamzation.

In 1990, the milk vield in the Netherlands per cow averaged more than 8 000 kg {27). On the
grassland and mixed farms with more than 157 Standard Farm Units, {equal to more than

30 - 35 dairy cows} in the LE! random sample of farms, the annual yield even averaged

& BB5 kg in 18998/1880. Variation among farms is fairly wide. In the last few years the average
milk yield has risen substantially. Therefore, more frequent milking may become an important

option for more and maore farms.

7. 2.4 Witk quotas and feed supty

Milking being more frequent, an automatic milking systern will result in a higher vield per cow.
With unchanged milk quotas this means the number of cows per herd and per unit of area will
have to be reduced. Furthermore, automatic milking implies a transition to limited grazing, zero
grazing or summar feeding and consequently lower feed losses andfor a lower forage intake per

animal.

The milk quota system has genarally resubted in the ferage supply situation becoming less tight.
Consequently, at the time there does not seem to be a great stimulus to get in on automatic
milking to economize the forage situation. This might be different for individual cases where the
cattle density is still high or the farmer has bought or leased milk quotas to optimize the
capacity of his buildings and equipment. Furthermore, it should be taken into consideration that
recductions in fertilizer and feed purchases and in caitle density not only allow for direct costs
savings to be realized but zlso for the ever stricter environmental requirements to be met with
less difficulty. Moreover, as automatic milking furthers grass being grown more or less as an
arable ¢crop, it can also stimulate other {forage and cash) crops being included in the farming

plan.
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72.2.5 Labour

Automatic milking brings about a shift as to the labour requirement, away from the milking
process towards feeding and forage production. On balance, that is after some time, an
economy in labour may be expected {5,29). This economy can be materialized by discharging

labeur forge, alternative employment on the farm or more spare time.

The option to find alternative employment on the farm seerms to be scarce, as this will already
have been done in past years when the herd size had to be reduced. |t would be possible,
however, that the introduction of automatic milking stimulates the acquisition or leasing of

additional milk quotas or the intreduction or expansion of additional activities (see alse 7.2.4).

The possibilities to discharge labour force are also limited. This is least difficult where hired
labour is involved. But the share of hired labour in dairy farming is very small in the Metherlands.
In 198971380 nearly 26 000 farms were counted with dairy farming as their sole or main
business and more than 157 Standard Farm Units 130 - 35 dairy cows), and where the
contribution by hired labour averaged only 5 - 6 % {30). Only on farms with more than

300 - 350 SFU fon grassland farms corresponding with about 70 dairy cows} hired labour was
found to have some significance {average about 0.2 full-time worker for 70 - 100 caws and
0.4 - 0.5 full-time worker for more than 100 cows; here, the total labour supply averages 2 and
almost 3 full-time workers respectively.) The readiness to reduce the regular labour force will
aot only depend on labour economy due to automatic milking but alse on the suitability of the
system o work fully autonomously {otherwise the farmer would become even more tied to his

enterprise).

On famiiy farms (farmer assisted by family members) it is hardly possible to employ labour force
which has come available elsewhere. Especially for large family businesses the reduction of the
physical workload due to automatic milking may be important. It also apphies to family
businesses that automatic milking may {eventually| result in being tied down to the farm to a

lesser extent. Labour economy can also result in more spare time.

A remark to be made when dealing with the labour issue is, that autornatic milking results in
less direct contact with the animals. Some farmers may consider this to be a loss of a major
element in their stockmanship and incompatible with the direction they want to develop their

farm.
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7.2.6 Financial aspects

An automatic milking system requires substantial invesiments. Mot only do the relevant annual
costs have to be recovered (or compensated by a desired reduction in physical workload), but

the financial rescurces also have to be available.

The financial situation tends to vary strongly from farm to farm. On average, the grassland and
mixed farms with mainly cattle in the LElI random sample of farms had in 19890 75 - 80 % of
own capital (311. Only 5 - 10 % of the farms bad less than 50 % of own capital. Consequently,

financing an automatic milking system will normally not cause insurmountable problems.

Other factors in the readiness to invest are the presence of finangial reservations. These in turn
strongly depend on the farming results. After the fairly prosperous years 1987-1230 the lower
prices of outputs on of dairy farms of 1890/21 strongly lowered the financial reservations. On
the larger grassland farms in the LE) random sample of farms the financial reservations in the
years 1976-1987 averaged Hfl 9 000, whereas in the years 1987-1990 their average was

Hfl 43 000 (28). For the years 1990-1982 they are provisionally estimated to average

Hfl 7 000 (32). A prolonged unfavourable ratio between revenue and costs can be a major
impediment to technical developments in dairy farming. This can be observed at this time, ..
in New Zealand {33).

7.3 Favourable and adverse factors

The prospects for introducing automatic milking will be determined by both favourable and
adverse factors. A distinction can be made between the present situation in the dairy farming
secior and future developments. The present situation is determinant for the short-term

prospects, whereas the fulure developments do affect the long-term ones.

As favourable short-term factors for the introduction of automatic milking can be regarded the

following:

the size of dairy hards in the Netherlands,
the large number of cubicle houses,
the high milk yield per cow,
- the generally favourable financial situation of dairy farms,
- the high level of labour costs,
the reduction in physical workload possible by automatic milking and, in case of a complete

system, more freedom from his business.
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As adverse short-term factors the following can be regarded:

- the ample availability of forage on farms,

- the limited rmaximum acquisition valug due to potential economies as regards gther cost
items,

- the less intensive contact with the animals,

- the lhimited possibilities to use labour force becoming available elsewhere on the farm or o

discharge if.

Thare are a number of factors which may enlarge the interest in automatic miking. Among

these are:

- the iresumed) increase in the number of larger herds,

- the ongoing erection of new cubicles houses,

- a further increase in milk production of cows,

- the ongoing possihilities to connect the system with other types of automation and
mahagemant systems,
an increasing appreciation of more freedom from work,

- the usual {relative) decreases in prices of technological innovations in the course of years,

- an improved level of education among young farmers.

Opposed to this, there is one special factor which could considerably slow down the
ntreduction of autornatic milking - the ongoing detenoration of the profitability in dairy farming.
especially due to further price cuts for milk. This could severely affect the financial reservations
as well as the readiness to invest. Whether this is going to happen and w0 what extent, will

greatly depend on political decision-making in the EC and GATT-negotiations.

From the point of view of animal welfare and/or landscape the general public will appreciate
more frequent milking in a positive way, whereas the reduced appearance of grazing cattle will
be rated negative. The image of the dairy farm might become somewhat more that of a high-

tech enterprise.

Autoratic milking reguires
a considerable investment.
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7.4 Categories of farms

There are two types of farms which seem likely to be eligible for automatic mitlking, viz.:

1. Large dairy farms which are willing and able to discharge labour force. For farms which
employ three or more people this will in general be easier than for those employing two.

Besides, for larger ones it would be easier to make automatic milking profitable.

2. Large family farms where only one person is available to do the milking. Here the reduction
in physical workload andfor the increased freedom ray play a decisive role. In a number of
cases the farmer will be ready and able to be content with a slightly lower profitability of
the farm. It must be taken into account that the interest amongst these farmers will depend

strangly on to what extent the sysiem can act autonomously.

There are several conditions which can stimulate the interest in automatic milking among

individual farmers. Examplas are:

A reduction in labour supply due to other causes, e.g. full or partial retirement of the father
from a parthership between father and son.
Renovation and/or new building of cubicle houses {in which case it will be easier 1o make
automatic milking profitable; moreover the risk is less that building fayout and eguiprment
would be chiect to rapid depreciation owing to economic obsolescencea).

- The objective of very high viglds per cow.

- Acquisition or leasing of milk quotas (without concurring extension of land and labour).

- A tight forage situation and/or problems with compliance with environmental requirements
due to (too) dense a cattle population.

- Introdugtion of expansion of other sectors of business.

But it is 2lso possible that farmers have motives or that there are developments in society
which check the introduction of automatic milking. For instance, not ail farmers have the
ambition to achieve ultra-high yields from their animals; some are more attracted by a more
extensive type of farming or by not "boosting” the production oo much, and some other
farmers have the desire {or are confronted with the obligation} to integrate dairy farming into a

systermn of nature management or nature development,

7.5 Number of farms

By analysing favourable and adverse factors and categaries of farms which are potential

candidates for the systemn, nothing has been said about the rate at which automatic milking is
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to be actually introduced. To gain some insight into what is thinkable in this respect. one could
consider more or less comparable developments which took place in the past. Suitable
examples are the introduction of the cubicle house and that of the automatic feed dispensing

station,

Perhaps one could say that the introduction of the cubicie house with milking parlour was a still
more radical change than that of automatic milking. In the Netherlands the first cubicie houses
were built in the early 60s. It was not before 1368 that more than 100 of them were delivered
each vear. In 1970, which is about nine years from the start, there were slightly over 800 {27).
These figures show that the development of a prottype to a mature concept for practical
farming takes quite a few years. The breakthrough was frorn 1571 to 1281, with numbers of
1.500 - 2.000 built a year. The way the introduction went on, will not only have io be ascribed
to actual development problems but also 1o initial unfamiliarity and the radical nature of the

decision.

The introduction of the automatic feed station was much less radical as regards farm struciure
and management than that of the cubicle house. The first feed stations were installed on
practical farms in 1976, In 1985 more than 2 6§00 farms had these feed stations, whereas the
figure had risen to nearly 8 000 in 1990 (27). In the first ten years, 3 000 - 3 500 farms

bought a feed dispensing station.

Imitiafly, the introduction of the feed station went off faster than that of the cubicle house.
Later, the increase in number of cubicle houses was faster. To have an idea of the potential for
introducing automatic milking, it is assumed that in the initial phase its success will be
somevehere in between that of cubicie houses and feed stations and that it will to some extent
be slowed down later, as automatic milking can only be practised on farms already equipped
with cubicle houses (like with the feed station}. Figures on the basis of these assumnptions
would then be that there can be some 500 milk automats in b years, 2 000 - 2 500 in 10 vears
and some 5 00G - 10 Q00 in 15 vears. But these are mere assumptions. What seams certain

anyway, is that the introduction will be very gradual in the initial 5 - 10 vears.

in 1990 there were 8 80D farms with B0 - 70 dairy cows each, 4 200 with 70 - 100 dairy
cows and 1 500 with 100 and more dairy cows. These size categories could lvery roughly!) be
related to large family farms, two-man farms and farms employing more than twe man,
respectively. A number of 2.000 - 2.500 farms applying automatic milking in about 10 years
after its first introduction on an {experimental) farm, might be realized, e.g. by instailing milk

automats on 10, 20 and 40 %, respectively, of the nuimbers of farms stated. This rate of
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introduction would seem possible. As a matter of fact, the introduction could very well go

slower or faster, depending on technical and economic developments in the years 1o come.

7.6 Conclusions

The structure of dairy farming in the Netherlands is such that automate milking could be
integrated on many farms. Automatic milking can reduce the physical workload and in the long
term increase the freedom on the farm. In most cases, however, it will not be profitable right
from the start. This may lead to the expectation that in the short term the interest in automatic
miiking will be substantial but not massive. The interest is especially to be found among (very)
large farms which can make labour redundant and among large family farrms anxious to reduce
the workload and ties to the farm. An extra stimulus might be an intensive farming type thigh
catlle density, high individual milk vieid). In the course of vears the group of farmers interested
will expand due 1o changes in conditions, such as succession and renovation or construction of
new cubicle houses, Automatic miiking can be a stimulus for farm enlargement through
acquiring or leasing milk quotas. The degree 1o which a system is actually installed, seems 1o

depend in particular on:

- The guality of product and equipment and whether the system can work fully on its own.

- The price of the equipment and bow it will develop.

- Financial reservations in dairy farming which most of all rely on developments in prices of
outputs.

- The acceptance in sympathy with this type of farm management system.

Effects of these factors on whether an automatic milking system will be purchased will be

swronger for {largel family farms than for large farms with more than two workers.

The introduction of automatic milking may be assumed to occcur very gradually in the first years,
which assumption is also based on similar developments in the past. As a matter of fact, this
would seem to have certain advantages in that adequate experience can be gatbered as to the
integration of the system into the farm and daily practice. The way in which the cubicle house
and the feed station were introduced and how this developed shows that such a gradual start

need not at all be an obstacle o an eventual massive adoption of the system.

to inventory has been made among different types of farm management. It would be
intergsting 1o study the acceptance of automatic milking in the daily practice and the structural

effects on the sector.
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8. impressions from other countries

8.1 Germany

H. Q. Gravert, Institut flir Milcherzeugung, Kiel

In Germany, in recent vears an imtensive discussion has taken place about the ethical aspecis of
cattle husbandry. Questions concerning the pigs and poultry hushandry have been the major
issue, but there are also reasons 10 give more attention 10 the concept of cows in relation to
the way the animals are housed and managed. First, some remarks are made in this context

about automate milking, next the interest for the system of automatic milking is estimated.

Behavioural studies with cows learn that the housing systems are not optimaily used, because
the cows are kept twice a day for 1 & 2 hours in a collection yard

before milking. Also, the cows are not able to utilize during these hours the facilities for feeding
and concentrate intake, as well as the cubicies and the water reservairs.

With automatic milking and free access of the cows to the robot, all facilities in the housing
system can be utilised nearly continuously. The milking machine is almost all the time in
operation with exception of the cleaning time. Therefore, when new housing is built less
cubicles are needed than with a traditional milking parlour.

New techniques in cattle husbandry are meaningful, when the system allows a more natural
bebaviour of the animal. For raising a calf, a maximum of 20 kg of milk per day is needed. This
means a milk amouni of ca S kg or less per time of suckling. On the opposite, high productive
cows yield more than 40 kg milk per day, which amount is delivered in two milkings a day. At
this point the present milking routing is not in harmony with the behaviour and needs of the
animal. For these high yvielding cows the swaelling of the udder before mitking indicaies a kind of
stress, resulting in less laying down of these cows. Too big udders are not favourabie for the
ease of walking of the animals, for instance when grazing. More frequent milking will benefit

the weifare of the cow.

For the introduction of the milking robot in Germany, farms with 40 to 80 dairy cows are most
suited. On these farms iabour is usoally provided by farm members {father and son, two
brothers, farmer and wife}. Therefore labour income is equivalent to the income of the farm
family. However, the investiment in a milking robot will not exclusively be based oh economic
calculations, but alsc interest in the technigue, prestipe and the expectation of iess strict
working hours will surely gcount in the decision making.

In the future, Western Germany will count approximately 30000 dairy farms with the size of

40-100 cows. In Eastern Germany, the number of farms of this size is estimated at about
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5000, For large farms with hired personel the purchase of a nulking robot is not likely because
the hired labour is usually not fitted for the acquired technical knowledge. Also the insufficient
use of the technical equipment and milking facilities on the farm can be avoided by use of
labour shifts.

For farms with less than 40 cows, a very limited perpective for the introduction of the milking
rabot is expected. On these farms, the cows are usualy housed in stanchian barns. The majority
of these farms will also be exploited in an extensive way as a second profession. The
investments will be very limited. But even on these farms, provided loose-housing is available,
some farms will implement 2 milking rebot as expenences with other machines like tractors and
harvesters have shown in the past.

When the milking robot is well funRctioning, it is estimated that 10 % of the mentioned 35.000
farms in Germany will implement such a system. Within a 10 year period, this proportion may
increase to 30 % of these farms. Assuming a replacement rate of the eguipment of 10 vears,

the demand for robots can be predicted at a 1000 a year.

The interest in automatic milking in other countries strongly
depends on the circumsiances.
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8.2 England
A.R. Frost, Siisoe Research Institute, England

From the point of view of research it is expected that automatic milking will bring benefits in
tarms of economics and cow health and welfare. The cow health and welfare benefits will
mainly come from the increased time the cowman will have to iook after his cows. The cows
will be free 1o adopt their own patterns of behavicur. The problems that remain inchude devising
farming systems that can take advantage of an automatic milking robot. It is not vet decided
how a dairy farm should be structured around a rebot. Another major concern is that standards

of hiygiene must be maintained.

A survey of the attitudes of farmers to automatic milking has been carried out in England. Their

views are summarised below:

All of the farmers that were questioned appeared to be aware of the research into automatic
milking, though detailed knowledge was limited. Confusion is apparent over the various
projects that are under way. The high level of awareness indicates that there is much intergst
in the concept of automatic milking amangst UK farmers.

- The concerns expressed by farmers include: reliability, milkking performance, cow participation
(there are strong doubts about the tdea of voluntary attendance), cleaning of the machine,
and cow preparation (teat cleaning, etc.}).

The benefits expected by farmers include: a reduction in the lengith of the working day, an
improvement in working conditions, improvement in cow health due to increased milking
frequency and increased vield.

- There was a general agreement that automatic milking was inevitable. There was overriding
support for the concept. 't has caupht the imagination of the vast majority of dairy farmers
as it represents the most revolutionary step in milking technology since the intreduction of
parlours.

The likely reaction of the public to zerp-grazing does worry dairy farmers. Nevertheless there
is no reason why fields directly adjacent to the farmstead could not be used in the summer
for grazing and exercising. Alternatively some farmers felt that they could uiilize the full
potential of the automated system in the winter, when the herd is housed conventionally,
and couid revert to field grazing in the summer, bringing the herd back to the gutomated

station for milking.

As regards the type of dairy farmer most likely to pioneer automatic milking, it was found that
no one group predominated. 1t was apparent that small and large dairy farmers alike have

reason to be attracted by the concept. Small specialist dairy farmers are often single man
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operations, reliant on family and casuval labour for relief. Such labour is becoming increasingly
difficult to find. Automatic milking would take the chore out of the small farmer’s waork,
enabling him (o make better use of his time. The attraction for the larger specialist farmer would
principally be one of labour saving. In many cases where two men are now amployed there
would only be the need for one. Furthermore it is the large farms that have the most diffilculty
in retaining regular lahour. Cowmen frequently leave after a year. Automatic milking would

increase the appeal of the cowman’s job.

8.3 France

P Bilton, Service Batiments, Equipements, Travail, Institut de I'Elevage, Monsoisin,

From point of view of the research institute, it is believed that the automatical attachment of
the teat cups, although technically a very complicated procedure, is nevertheless easier to
realize than the needed control of mastitis cows, abnormal cows, cows in heat, the control of

milk quality, etc.

As positive factors for introduction of the milking robot in France can be mentioned:

- less physical and mental labour for the milker,

- maore and direct information, so the farmer can take a decision shortly after the detection of
the problem.

- nio more fixed times and fixed hours for milking,

- more time to do others things in the farm and in particular for the management,

- gurinsity and interest of many dairy farmers for something new and revolutionary,

- simphfication of the machine milking itself: no longer prohlems of pipe diameter, of size of

vacuum pump. Less lingr to change every year.

As negative factors are mentioned:

- the cost of the robot.

- in France, dairy herds are very small and most of them are still located in stanchion barns.
the average number of cows per herd in loose housing systems is about 30-40 cows.
Perhaps it will be to small to utilise a maching with a very expensive price.

- in economic context, perspectives at the moment are not so favourable for big investments.

- technical problems of herd management in particular: most of the herds are in the pastures
during summer. What about the milking robot during the time of pasture? Many farmers have
had difficuities to adapt cows to the automatic feed stations during this time and are obliged

to keep the herd in the house during several hours; this time will avtomatically increase with
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a miiking robot; so, severe problems appear and will finally result in more work for the farmer
for feeding, management of the herd, etc.

many interrogations about the salesman and especially the after saies service.

Some guestions still to answer are:

- a farm building with a robot will be certainly different than a classical one with a milking
parlour. What is the best position of the robot in the housing sysiem?
there is very few information about the behaviour of the cows when in good health, when
sick, when at the end of their lactation,

- what about the milk quality; the frequency of milking, three or four times a day; the
frequency of ¢cleaning of the milking equipment?

- what about milk recording and genetic selection?

Categories of farms interested in automatic milking:

In France the big majority of farms have family workers: 48 % of the farms have less than 20
cows and only 13 % more than forty cows. A milking automat will probably interest this last
group the most, but oply 80 % of them lnear B % of the total which represent about 16.000-
17.000 farms) have loose housing systems. On most of these farms, the price of the robot may
be considered as prohibitive to purchase such a system.

There are not many large herds with 80-150 cows and more: less thar 1 % of the dairy farms
{about 2.000}. On these farms two or more persons are employed. A milking automat should be
interesting, when the farmer has the possibility of decreasing the number of workers.

The expectations are that not exclusively farmers with large berds will buy automats in future.
But before introduction of the milking robot in the field, technical problems have to be solved,

otherwise this automat will not have much perspective on French dairy farms.

8.4 United States_of America

A. B Johnson, Experimental Station, University of Maryland.
On the experimental Station of the University of Maryland a milking automat is installed.
The automat is imported from Europe. There is only very limited interest for this new
milking device. This may be also caused by the fact that the information flow to the
outside world 15 kept restricted.
It is noticed that technigues, like cow identification and automatic feed stations have not
been introduced widely on dairy farms in the U.S. A, In the Eastern States of the U.S A,

dairy cows are often housed in tie-stalls. Also feeding of complete rations {mixed feeding)
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is popular. In such management systems, individual cow identification devices, individual
feeding of concentrates and automatic milking do not leasily) fit.
More interest for automatic milking is relatively expected from the larger specialised dairy

hergs in the W.5.A. In the Eastern States, small farms arg often kept as second profession.

DV, Armstrong, Department of Animel Sciences, University of Arizona

To evaluate any new dairy equipment or technology impact on the U.5. dairy industry, one

must be aware of the wide range of herd size and dairy cattle housing which is presently

used on U.S. dairy farms. Herd size varies from an average of 50-80 cows predominantly
housed in stanchion barns in the upper midwest to the 150-3000 cow herds housed in
opan corrals in the western states and open corral and free stall barns in the south-east. In
all areas the trend is to targer herds in loose housing systems.

Many present management systems must also be taken into consideration when

considering the future efiect of robotic milking systems.

- year round calving is the normal situation on U.S. dairy farms with one third of the
animals each year being first lactation animals which will require an extensive adaption
periad.

- the majority of large dairy farms, dairy cows are grouped according to milk production
level, stage of lactation or reproductive status with first 1actation in a separate group.

- dairy cattle feeding trends are to use total mixed rations with little or no grain feed in
the milking parlour.

- federal interstate milk shipping regulations require that the cows’teats be sanitized and
dryed before the attachement of the milking unit.

- milking cows 2 times a day and even 3 and 2 times a day on a twenty four hour basis is
nresently being done on large dairy farms and is not considered to be an unsocial
osccupation as many U.S. factories, stores, restaurants and service stations operate on a

24 hour basis.

Factors that may hmit the usage of automatic milking systems in the U.5. would include

the foilowing:

- the automatic milking system will require new facilities

- can 95 % of the cows be trained {0 use the robotic system?

- will fregsh cows and hospital cows be milked by the robotic system or will a second milk
systern be necessary for this group of cows?

- it all the concentrate is not fed in the robotic system to encourage cow entry is the
naormal 22-26 kg of dry matter intake possible which is necessary for high producing

cows?
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The major question on when and if an automatic milking systern will be used on U.S. dairy

farms is, will it be economically attractive to the dairy owners? From past histery of the

adaption of new mitking equipement technology by the U.5. dairy industry several

assumptions can be made:

- new eqguipment and technology is adapted more rapidly in greater numbers when it can
be used on existing facilities.

- large dairy farms tend to be sarly adapters because they have the capital resources
available for expansion of equipment purchase.

- it must be cost effective and reduce labour cost or improve milk production and milk
quality.

Presently total iabour cost on the majority of U.3. dairy farms is 8-1b % of gross income

with about 50 % of these labour cost being for milking. Dairy farm labour costs have

decreased during the last thirty years because of new technology, equipment and higher

milk production per cow.

An increase in milk production of 15 % is expecied due to 3 times milking a day. This

éystem of milking is guite cammonly applied in Arizona and California. Because of high

temperatures, cows in Arizona are sometimes milked 4 times a day {the miltking parlour

appears to be a relatively cool place of the dairy operation}. Data from 16 herds milking

4x indicate that an additional 6-8 % increase in production over 3x is possible.

In summary it can be said that the milking robot will only bave an impact if it is cost
effective in reducing labour, or improving milk production and milk quality over a present
three times a day milking system,

The automatic milking system may be cost effective on small dairy herds that are housed
in loose housing and milking 2 x a day by reducing labour cost and increasing milk
production to the 3 x level. The system may be used on larpe U.S. farms if they are
developed for use in existing milking facilities and when labour would be reduced from for

instance 3-4 personal parlours 1o one person pariours.



2. RESEARCH TOPICS

In chapters 1, 2 and 3 most guestions for research have already been formuiated. Further
research is needed in optimizing the technical functioning ¢f the milking automats.
Aspects mentioned are:

- the reliability of the milking autamat.

Further development and perfection of

- attachment of milking maching

- position of cow in autornat

- ¢leaning of udder and teats

- use of water

adaptation in milk technigue

development of process automation and sensaors

separation of mastitis cows from milking process.

Also research is needed to implement automatic rmilking in 2 tetal farm management system.

Research topics are:

* the volontary entrance of the cow in the automat.

Aspects of interest:

- division and outlay of house to realize an efficient cow wraffic,
It is possible that the development of a new outlay of loose housing is needed.

- welfare and behaviour of the cow and herd in an automatic system

- implementation of (limited) grazing in system

the milking frequency

Aspect of interest:

- whigh freguency of milking s optimal in relation to milk production, health, fertility,
hehaviowr and well-being of the animal

- {fysiologicall animal aspects at very high productions

- linkage between milk frequency, capacity of automat and economy of farm

the milk quality

- development of methods to clean udder and teats

- to maximize the cleanliness of cows by adaptations in outay of house and bedding of

cubicles
- effect of feeding on cleanliness of cows

- cooling of milk with frequent milking
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a supporting management program for transferring information about cows 1o farmer
Aspects of interest:

- which signai functions per cow and per sensor and in which combination are optimal

- development of uniform management criteria

- development of an information strearm concerning milk guality and composition

the {abour reguirements

- assesment of labour needs guantitativeiy

- assesment of labour qualtatively: mental pressure and degree of attachment to farm

the grassland management

- when cows are all year ndoors a choice has to be made concerning feeding routine. The

wish to realize limited grazing as part of system requires further exploration

In general the following aspects of an automatic milking system ask attention:

*

the rentability

Aspects of importance are

- change in return and cost factors

- required investments

- annual costs

the griteria on uniformity and conformation of the cow herd

the use of water and energy and the effect on efficiency of minerai inputs

To estirnate the acceptance of an automatic mitking system in practice, a technology assesment

study would be of interest. Aiso effects on the structural development of the sector are of

importance.

Some of the above mentioned topics of research are already part of existing research programs.

Other topics still need to be incorporated in programs. Especially the development of an

automatic milking system as an integrated part of a iarger family farm ought to be an important

research goal.
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10. SUMMARY

At the experimental farms the Waiboerhoeve in Lelystad and De Vijf Roeden in
Buiven, experiences are obtained with two types of milking robots {automatsj. Also in
some other European countries, experiences are gathered. The goal of automatic
milking is to make the continuous presence of the dairyman in the milking parlour not
needed any more. Realisation of this goal will be a very important achievement in
automaton of the dairy farm. lt will have a large impact on management of the dairy
farm, on the farmer, the cow and on the farm family as part of society. However,
many technical, econarnical and social gquestions still remain. Therefore, a working
group composed of representatives from various organizations in the Netherlands
studied current experiences with automatic milking systems and its prospects. Also

research topics were considered.

A number of technical and management factors concerning the use of the milking

automat emerged from the study as being important. To be mentioned are:

- speed and accuracy of robot arm 1o find teats; different systems are developed to
find teats. Reliability of the systern and time needed for attachment of teat cups
are important factors. Improvement is still needed concerning both aspects.

- hehaviour of cows and voluntarily entering of milking automat; cows must feel at
ease in the system. That contributes positively to the willingness to enter the
system and to a succesfull attachment of the teat cups. Data of the cow behaviour
in a fully automated farm are of interest. Research results about number of cows
entering the milking automat per unit of time differ.

- optimal frequency of milking; cows may be mitked 2, 3 or 4 times a day. The
frequency of milking of high and low vielding cows is one of the main factors
determining the capacity of the automat. The production increase by 3 times
milking is well documented. However, more data are required about cows milked 4
times a day or more. For economical reasons a possible chance in fat/protein ration
with frequent milking is also of importance.

- capacity of milking automat; a wide variety 1 number of cows milked per automat
or robot arm during the day is mentioned by the manufacturers of robots. The
capacity depends on previous points listed and on the lay-out of the housing
facilities. For management and economical purposes it is needed to determine more
exactly the number of cows milked per unit of time in a whole farm set-up.

- cleanliness of cows and milk quality; detection methods are at this moment not

available for selection of dirty cows or udders, Clean udders or teats can be
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achieved by proper management in the loose housing system, by preparation-boxes
and teat-cleaning as part of automatic milking. When the human presence in the
milking parlour is eliminated, it is a must that cows enter the milking automat with
ciean udders and teats. One of the milk guality factors to be watched is for
instance the fatty acids content of milk.

- separation of mastitis milk and management program; a self controlled system
requires aytomatic separation of abnormal cows or milk from the system. After the
automatic attachment of teat cups, detection and separation of abnormal cows
{milk) is another large challenge of an aviomatic milking system. The conductivity
af milk 1o detect mastitis cases can be measured. The procedure for removing
cows from the system has still 10 be set up. Extensive management pragrams arg
needed as part of the automatic milking system, to take over control of the herd
during milking.

- labour saving and labour ease; data should be collected under normal farm conditi-
ong about labour requirements and savings, when automatic milking is performed.

- change of grassland management; it is expecied that cows will be centered around
the automat to quarantee an efficient use of the system. Grazing becomes a
difficult part of such a farm set-up. Grass has to be grown more as an areable
crop, possibly stimulating also other forage crops to be included in the farming
plan. Nevertheless, in several countries, like in the Netheriands, grazing of dairy
cows is part of the dairy gperation. Therefore, limited grazing in combination with

automatic milking needs further expioration.

Up 1ill now, much less emphasis is, in agricultural research, put on the economic and
social factors influencing the implementation of the miiking automat on the dairy
farm. Therefore, model calculations were performed to estimate economical effects of

implementation of automatic mitking on the farm. Also social factors were studied.

An automatic milking system will require & substantial capital investment, The
decision wether an investment will be made n automatic miking arises in most cases
when the old milking parlour has to be replaced or renovated. Also changes in the
anual yvields and costs may occur when an automatic milking system is choosen. In
most cases such a system miay require adaptations in not only the housing system
but in the whaole farm set-up. Caleulations were made to estimate the economic
conseguences of these adapiations. The main factors studied were:

- increase in milk yietd per cow and change in milk composition;

- alteration in grazing and feeding strategy; and



choice of traditenal milking pariour
An ncrease in production per cow contributes positively 1o net returns of automatic
milking. Transition from an unlimited grazing system to feeding cows all year round
indoors affects returns in a strongly negative way. The investment levels for traditio-
nal paricurs also significantly affect the acquisition values for the automat. With the
choice of a lower invesiment level for the conventional milking parlour, the maximum
acquisttion value for the automnatic milking systermn becomes lower. As a consequen-
ce, individual wishes as 1o the layout of the mitking partour play an importani role in
the profitabittty of the automatic milking system.
Also the level of the annual casts influence the perspectives considerably. However,
maintenance costs of milking automats are not yvet known, but will atfect the final
level of the annual costs.
It is assumed that the first years after introduction of the system, there will be no real
labour savings on the farm. However, in the long run labour saving will be one of the

main factors determining the profitability of automatic milking systems.

The following factors influencing the introduction of automatic milking systems in the

field were mentioned by the working group:

- size of dairy herds. It may be less likely that smaller farms (below 40 cows) are
mterested in automatic milking systems, due to investment level and type of farms.

- housing system. Present milking automats require self entrance of the cow. Cows
will aiso he allowed to enter the automat several times a day. This implies that a
loose-housing is required.

- production level. High production levels are associated with more frequent milking.
More frequent milking may contribute to the idea of animal welfare.
labour costs. When an automatic milking systern results in savings of labour hours,
high labour costs will stimulate the introduction of the system.

- grazsland management system. Automatic milking requires the cows to be near the
automat. If cows are kept indeoors all-year-round, the society may react in a
negative way as to the animal welfare and landscape aspects.

- contact with animals. Less contact with the animals can be a negative factor in
control of the herd. However, more experience ts needed to determine in which
degree a management program and sensors can take over this task of the farmer.
Also some farmers may consider less direct contact with the animals not to be in

ling with their profession.
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- ease of working. It is expected that automatic milking will reduce physical labour.
The herdman’s function will shift maore to general supervisory work. This demands
ather skill’s from the farmer.

- attachment to farm_ {p the long run it is expected that the farmer {(and his family) is
less tied down to the farm, because the milking process reguires only incidental
attendance. This may place the prefession of dairy farmer more in line with general
developments in society.

- capital position and income. The financial position of the dairy farmi{s is important
when deciding upon such a considerable investment as reguired for automatic
milking. The tendencies in levels of farm incomes will also influence the rate of

introduction of automatic milking systems in practice,

Impressions from other countries vary considerably. Size of herds, housing systems,
feeding methods and costs of the milking automat are main factors determining the
interest i automatic miiking. In some European countnes, farmers prefer the
possibility of grazing of cows as part of dairy farm management. Automatic milking
will also effect the services of the dairy herd improvement organisations and the dairy

industry.

The introduction of the milking automat on dairy farms can be pictured in two stages.
In the first stage. use of a milking automat means a further automaticn of the milking
process. The cows are milked without manual assistance of the farmer or milking
personel. The presence of the farmer is regularly nesded because of the selection of
abnormal cows, especially cows with mastitis. Also some " difficult” cows need
additional care in entering the automat and during the milking process. In this stage
of introduction there is no labour saving 10 be expected.

in the second stage, a complete automatic milking system will be developed. A
management program with various sensors is ment to take over most of the control
tasks of the farmer in the traditional milking parlour. After the automatic attachment
of teat cups, detection and separation of abnormal and dirty cows {milk) i3 another
large challenge of an autoratic milking system. However, to which degree this goal
will be reached is presentiy difficult to assess.

In the long run, these developments may result in saving of labour which contributes
under certain conditions significantly to the economic returns of automatic milking.
But social aspects may be as important as econamic factors. When the dairy farmer

{and his family} will be less tied down to the milking process and therefore to the



farm, this development will He seen as a very important achievemnent for the professi-
on ot the dairy farmer,

Saving of labour is the sasiest to capiialize in large herds with several employess. On
family farms wiath vsoally 1-1% family member employed, less attachement to the
dairy operation will be appreciated most. Therefore, introduction of automatic milking
sysiems seern 10 be most atiractive for family farms with full labour input and large

dairy farms with more than two empioyees.

Aside of technical and management aspects, research towards implementation of

altomatic milking in a whole farm operation is especially needed.

The integration of automatic mitking on the farm s a major item for
resaarch.
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Appandix 1. Calculation of gross margin minus vanable costs in vanous farm suations and the denved effacrs on gross margin when
hEnging to a diffsrent grassland ytihzation system and ot an increase in milk vield of 1000 kg

Milk quete 10 800D kg per hectare

FO00 2000 FO00 2000 TO0C BOOO J000 8ACD
o4 04 B4 +3 B4 +3 B4 +3 Ba+3 5 5
maiza Mmalse

TECHMICAL DATA
Mumber of dairy cows 35,71 32.08 3571 3208 5.7 3z2.08 3871 32.08
Mumber of dairy breed caives 12.33 11.0% 12.33 11.C3 12.33 11.08 12.33 11.08
Mumber of dairy breed heifers 1118 3.88 i1.10 9.98 1110 9.88 1% 9.98
Grass araa, grazing;houss faeding’hal 25.00 25.00 20.00 20.00 15.00 15,00
Grass area, cuiting only thal 5.00 5.00 25.00 25.00
Forags maize area, farm-grown (ha) 10.00 10.08
Forage maize, boughl {hsl 1.59 1.5t
Wik yield {xg/cowg FO00 BOOG FOO0 8000 7000 8000 FOG0 q000
Fat content in milk {%) .40 4.25 4,40 425 4,40 4.26 4,40 4.25
Protain contant in milk (%6t .40 335 2.40 3.35 3.40 3.35 3.4G 3,38
Grazsland utiization system o4 a4 Ed+3 8413 B4+3 B4 -3 =] 5
M level, grassiand (kg'hai 381 33 37 379 389 389 383 383
Cuting pernentage, total 208 220 251 261 164 174 407 407
Siurry produstion, stored (m™ 450 401 663 595 489 596 s 203
REVEMUES
Total 214282 214423 220813 218954 213837 221286 221340 227020
Midk 173004 179242 1782004 179242 178004 173242 172004 178242
Annual reptacement ouiput and 27388 24613 27389 24613 27389 24813 27383 24813

change in volume dairy cattle
Further rovensas 7900 10589 14120 16720 13445 17441 14947 17165



VARIABLE COBTS
Teotm

Concentrates

Forage

Cattle

Grassland

Forege maize

Eneray

Variable contract work,

Grogs margin revenues-feed costs
Gross margin reveness-

varishle costs of Qwhn equipment
QoSS Margin Tevenues-

varable costs of coniract work
Gross margin in caze of contract
work per hectare

Effget on gross margin dus 1o change
I AFazING sysiem

- from 04 to

-from Bd - 3 to

- from B4+ 3 with maize to

Effect on gross margin due to highor
itk wicld per cow

87277

23382

22859
21407

738
18881
180201
145895

127015
5081

35698

23098

20806
21302

752
19338
191328
147861

12872%
5149

100257

24473

5001
23074
21813

739
23583
150032
143835

120256
4810

-271%

57

87430

24017
5334
20532
22501
478
7539
23388
190553

145862

122474
4533

-250

+ 389

37483

24271

23074
10855
433
732
27460
196666

148844

122385
4896

-186
+ 85

28700

24157

2053928
11285
11254
762
27282
197139

162843

125585
5024

-128
=125

=28

102408

30305

23234
20001
11228
732
35130
121035

1470861

111832
4477

804
-333
-418

1066617
22856

211432
20705

769
34339
191364
148757

T14353
4574

BTG

-450

~97
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Anpendix T {cont’d]l. Calcalatinn of gross margin minus variable costs in varicus farm situations and the derved gffects on gross margin when changing 1o a different
grassaland utilization system and at an inocreass in milk yeld of 1000 kg

Miilk ouota 18 CC0 kg ner heolary

Fooo 2004 fisles] 8I0G 7000 3000 00¢ 8000 000 2000

o4 24 Be -3 B4+ 3 Bd+3 B4 +3 B3 Bd -5 5 5
raaize maize maEize maize

TECHMICAL DATA
Mumber of dairy cows £3.57 4314 5357 4214 53,67 48 14 53.57 48 14 6357 4814
Mumber of dary brezd calves 18.5C 1863 13.50 15.63 12.E0 16.683 18.80 i6.83 18.80 18,63
Muriber of dairy breed hafers 16,55 14.96 i6.55 14.58 16.6% 14.96 16.65 14.96 15.65 14.86
Grass ares, gramng’houee foading {hat 26.00 25.00 25.00 25.00 20.00 20.00 20.00 20.00
Gross afea, cuttng only tha) 25.00 25400
Farage maize arza, jarm-grewn {ha) 5.00 560 5.00 5.00
rorage imaize, bought thal 6,48 472 4.59 292 5.11 3.47 518 3.64
Mk yield [kgicow! FooO0 200G Fo00 8000 TO00 2000 7000 8000 7000 8000
Fat coniert in mik (%} 4.40 4.25 4.40 428 4.40 4.28 4.49 4.25 4.49 4.2%
Protein content in milk (38} 3.40 3.3b 3.40 3.3%8 3.40 3.36 3.40 3.38 3.40 3.38
Grazaland utization system 04 a2 B4-3 B4+3 84+3 243 BE4- 5 B4 -5 5 5
N lewval, grassiangd (kaihat ipd 224 az4 383 384 283 288 383 383 383
Cuitrng po 5=, ozl 125 141 185 184 137 148 175 181 407 407
Slurry produstian, stored {m’) 675 201 1003 94 1003 ga4 1403 284 1362 1204
REVEMUES
Total 311788 307870 391766 307970 31317B% 807870 31178E 307270 311755 308381
Wik 2706588 271047 270688 27047 270888 271047 270888 271047 270868 271047
Anrual reglatemsn? cutpul and £1087 36923 43087 35923 41087 38923 41087 35923 41087 35923
change in volume deiry catile
Further revemies 39
YARIABLE COSTS
Tutal 126722 117224 129440 3120572 132055 123330  13472% 125870 133800 132887
Concantraies 34048 33920 37024 38813 35247 36320 36245 36727 46724 48120
Forags 2303 158782 16318 10373 12168 12336 18402 12843 3047
LCattle maintanance costs 32922 25311 33313 30200 33313 30200 33313 30200 23654 30417
Grassland 18430 18101 12937 1988E 12938 13932 12433 14262 166841t 17583

Forage maize 748 662 268 874 6300 8150 6327 5272
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Encrgy 1108 1138 1108 1138 1108 1138 1108 1128 1103 1138

Variable contract work 15363 15701 21781 21512 23933 235650 25886 28314 38735 376329

Gross margn revenues-

feod costs 254872 267139 253413 280778 257350 259715 257108 253300 282014 26224
Grozs margin revanues:

variable costs of cwn equipment 201395 208387 204007 208910 303833 20229t 202927 207414 210890 213103
Gross margin revenues-

varirable costs in case of 186032 1920686 182315 1873388 178700 184840 1770320 182100 171955 175464

wontract work
falance of contract swork 7441 7627 7293 74986 7188 7388 7081 7284 G878 7018

per hectare

Effect on gross margin due o change in grazing system

- from 04 to -148 -13) -253 -241 -380 -343 -B83 -608

- from B4+ 3 1o -108 -11g 212 -212 -415 -477

- from B4 + 3 with maize 1o -107 Si02 -310 -367

- from B4+ 6 to -203 -265
Effect on gross margin due to higher
milk yield per cow 186 203 192 203 i
Agppendix 2. Cafeulation of putomation levels
Low awmtomation level

40 - B cows 70 B0 cows 100 - 110 cows
Dor Mt Type Cap  Rpiv Tot rv Costs Type Cap Rpd v Tetrv  Costs Type Cap Rpl.v  Tat v Costs

Milking parlour 10 & Herningb. 2xd 1 oo 2700 SBE6 Herningb. xS 1 35300 35300 roqz Herringb, 2x8 1 3800 41600 8368
Chaster removal equiprent 15 5 Mone Q ] o o Semi-autom. 12 B0 3500 2335 Fully autom. 16 1300 20800 5150
Milk jars H 5 Hand empt, 2 ang G400 1507 #and empt. 12 BOD 9800 2335 Hand ampt, 16 BO0 12800 3154
+Conconirakes 113 4 Hand-oger. b= SO0 [ Ield 4] 398 Hand-oper. 12 500 S000 1457 Hand-opar, 16 500 B0 1998
Clsaning 1 & Autamatiz T 2800 2500 494 Automatic 1 2500 2500 489 Autanratic 1 2800 2500 488
Bailer 12§ EHectr 120 2 1460 ABOG 55% Electr, 120 3 14040 4206 BaR Electr. 120 4 1400  &60D 1y
Conceniratas trolley 10w % 1 750 750 180 1 750 750 160 T 780 750 160
Total 44150 9328 47850 148156 22350 20504
Par cow a8t 207 aqG 198 S0 195
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Appendix 2 {cont’d). Calculation of automation levels

Average level of automation

40 - 50 cows 70 - 80 cows 100 - 110 cows

Dpr Mnt Type Cap Rpl.v Tot rv Costs Type Cap Rpl.v  Totrv Costs Type Cap Rplv Totrv
Costs
Milking pariour 10 5  Herringb. 2x4 1 27700 27700 5526 Herringb. 2x6 1 36300 35300 7042 Herringb. 2x8 1 41900 41900 8359
Cluster removal equipment 15 5 Semi-autom. 8 800 6400 1587 Fully autom. 12 1300 15600 3892 Fully autom. 16 1300 20800 5190
Milk jars 15 5  Autom. empt. 8 1200 9600 2395 Autom. empt. 12 1200 14400 3693 Autom. empt. 16 1200 19200 4780
Milk tube guide 15 6 8 250 2000 499 12 250 3000 749 16 250 4000 998
Concentrates 15 5  Electr, 8 800 7200 1796 Electr, 12 900 10800 2895 Electr. 16 900 14400 3593
Autom. feed. gate oper.”} 10 B 12 350 4200 838 16 360 5600 1117
Aut. oper. of exit gate 10 5 - Automatic 4 1200 4800 958 Automatic 4 1200 4800 9568
Compressor 10 &5 - 1 3000 3000 599 1 3000 3000 599
Push-up fence 10 5 - 1 3500 3500 698 1 3500 3500 698
Cieaning 1 5 Automatic 1 2500 2500 499 Automatic 1 2800 2500 499 Automatic 1 2500 2500 498
Cleaning water protection 10 & - 1 800 800 160 1 800 800 160
Boiler 10 5  Electr. 120 2 1400 2800 669 Electr. 120 3 1400 4200 838 Electr. 120 4 1400 5600 1117
Pre-cooler i0 & - 1 3000 3000 599
Heat pump 2 3 1 4000 4000 798 1 4000 4000 798
Concentrates feed computer 15 5 1 5000 5000 1248 1 5000 5000 1248 1 5000 5000 1248
Feed stations 15 5 2 4000 8000 1996 3 4000 1200C 2994 4 4000 16000 3992
Emitters 16 5 55 80 4400 1098 85 80 6800 1697 1156 80 8200 2295
Auger 15 & Lengthinm 30 250 7500 1871 Length in m 40 250 10000 2485 Length in m 50 2560 12500 3119
Further material i5 b 1 1200 1200 299 1 1200 1200 29¢ 11200 1200 299
Management computer 20 B 1 4000 4000 1198 1 5000 5000 1498 1 800G 6000 1797
Software 10 10 Basic package i 6500 8500 1622 Basic package 1 8500 6500 1622 Basic package 1 6500 8500 1622
Total 94800 222083 162600 35209 189500 43845
Per cow 2107 493 2035 469 1805 418

Dpr  Depreciation

Mnt Maintenance

Cap Capacity

Rpl.v Replacement value

Tot rv Total replacement value

*) to expel cow’s head from feeding unit




B1-

Appordix 2 {zant di. Caleulatioo of wrtomation levels

Hhgh level of sutomation

40 - B0 cows 70 B0 vows

10 - 110 cows

LDpr Wint Type Cap Rplv Tot v Costs Type Cap Bpl.v  Totrv Casts Type Cap  Rpiv  Tot1v
Costs
Milking parlour 1% 5 Open 2x3 T 40300 40803 B1&0 Open 2x4 T B2ICO 820D 10514 Opzn 2x5 | 88BOJ G6E500 13267
Chester removal equipmrent 1% 5 W, milk prod. m, & 300 4800 1198 Womitk prog, m. B BOO 5400 1587 W.omilk prod.m 10 B30 8000 1988
Mitk tube guide 15 & 2] 250 1500 374 B 250 2000 483 10 230 2900 524
Wilk produstion moters 15 5 5 2600 16600 AB2% & FBOO 20800 B1ad 10 2800 26000 5487
foormpeditir connection 15 5 3 200 4800 T128 B B0 BAO 1087 13 BOG  BOOO 1885
Mitk yiehd recarding 16 5 Comp. + acc 1 11060 11000 2745 Comp. + aca 1 11000 11000 2vah Comp. + acc 1011400 11000 2745
Cove recogmition 15 &  Per stali -3 500 2400 1347 Central 1 BGOO BOOD 1936 Cuntral 1 8033 B0 12396
Concentrates 15 &  Programmed & 200 12000 2894 FProgrammaod B 2000 16000 3932 Progeammed 10 2000 20000 4980
Autom. feed. gate oper, "y 10 B [ 350 2100 415 B e [%0] 2800 568 10 330 3500 BaE
Aut. oper. of exit gate 05 Autumatic 4 1200 4800 1513 Automatic 4 1200 28BCO 958
Compressor 10 B 1 A000 Z0064 %88 i 3000 3000 553 1 3000 3004 558
Puzh-up fence 1 & 1 300 3600 598 i 3500 3500 B398 1 3600 300 321
Teat dizsinfection spray 10 5 Automavc 1 10oo 1000 200 Autormanc 1 1060 1600 200 Autnmatic T 1000 1000 200
Cleaning 10§ Automatic i 2ROG 2500 agg Automatic 1 2500 2500 433 Avrtomatic 1 2600 2604 433
Cleaning vrater protecton 100§ 1 S0 200 160 1 BIHY 800 160 1 BOO 800 1643
Cow transport 165 &  Fully gutom. T 20000 20000 4830 Fully autam. T 20000 20000 4880 Fuily autam, 1 009 20000 48980
Boiler 10 & Electr, 120 2 1400 2804 553 Electr. 120 3 14003 4200 38 Elestr. 120 4 1490 S600 1117
Fre-cooler 1w & 1 3000 3000 5E9
Heat pump 12 3 i 4000 4000 798 1 4000 4403 798 1 4000 000 795
Feed stations 15 & 2 4000 20040 1986 3 40ag 12000 2394 4 4000 18L00 3982
Emitters i5 & 13 0 A0 1088 a5 BO 5800 1897 115 20 9200 2285
Auger 6 B longthinm 30 280 FE0G 1871 Length in 40 250 19000 2485 Eength in m 50 260 125G 31713
Further materisl i & 1 1200 1200 298 1 1200 1200 283 1 1200 1200 299
IManagesnent computar a0 g5 1 000 000 1198 1 SO00 5300 1498 1 8OO0 GOO0 178y
Software 10 10 Ext. packapge T 5000 000 22465 Ext. package 1 3000 000 2245 Ext. package T 3000 HO0G 216
Total 1BBEMN) 389535 209100 48895 25080% BB2Q5

Per cow A7F3 B7% 2788 H548 2388 54

Cps Deprocistion

Mt Maintenance

Cap  Capacity

Rpiv  Fopltacement value

Tat rv Total replacement value

i 1 expel cow's head from feeding unit
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Appendix 3. Caleulation of maximum acquisition value for autornatic milking system

Transition from unlimited grazing (04) to limited grazing with supplementary faeding of 6 kg DM forage maize (B4 - &) at a milk quota of 10 000 kg per
hectare

Mitk yield (kg/cow) 7000
Costs of transition from 04 to B4 - 6 [Hfl/haj 350
Gross margin increase due to change in milk yield {Hfl'ka) O
Number of cows 45 75 105
Ared thal 3z 53 74
Low investment level of milking parlour

Annual costs of alternative milking parlour (Hil/cow} 207 128 195
Gross margin increase due to transition from 04 to B4 - 6 (Hil:farm} -11025 -18375 -2573%
Gross margin ncrease due to change in milk yield {Hfi/farm) O Q0 4]
Annual costs of alternative milking parlour (Hflfarm)} 9315 14850 20478
Maximum arhual costs of autamatic milking system (Hfl/farm) 1710 -3525 -5250
Maximum acquisition value at 20% annual costs (Hfl/farm) -BR50 -17625 -26250
Maximum acquisition value at 25% annual costs (Hfl/farm) -8840 -14100 -21000
Maximum acguisition value at 20% annual costs (Hil/farm} -5700 -11780 -17800
Average investment level of milking parfour

Annual costs of alternative milking parlour {Hfifcow} 493 465 418
Gross margin increase due to transition from 04 te B4 < 6 (Hilffarm) -11025 -18375 -25712%
Gross margin increase due to change i milk yield {Hfl/farm) 0 0 0
Arnnual costs of alternative milking partour [HflHarm) 22185 35176 43880
Maximum annual costs of automatic milking system {Hfl/{arm) T1180 16800 18185
Maximum acguisition value at 20% annual costs (Hflarmi 55800 84000 80825
Maxirmum acquisition vaive at 25% annual costs (Hfiffarm) 44640 67200 72660

Maximum acquisition value at 30% annual costs (Hflifarm) 372060 56000 60550



High investment level of milking parlour
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Annual costs of alternative rnilking parlour (Hfl/cow) 879 643 554
Gross margin increase due to transition from 04 to B4 + 6 (Hil/farm) -11025 -18375% -25728
Gross margin increase due to change in milk vield (Hfl/farm) 0 0 o]
Annual costs of alternative milking parlour (Hfiffarm) 285655 488675 L8170
Raximum annual costs of automatic milking system (Mfl/farm) 25530 20300 32445
Maximum acquisition value at 20% annual costs {Bfifarm) 142650 151500 162225
Maxirnurn acquisition value at 25% annual costs (HilHarm) 114120 121200 129780C
Maxtmum acquisition vatue at 30% annual costs {Hflifarm) 85100 101000 108150
Labour economy 0.5 full-time worker {Hfl/farm) 32600
increase in maximum acquisition value at 30% annual costs [HA/farm} 108333
Labour ecenomy 1 full-time worker {Mfi/farm) 65000

216668

Increase in maximum acquisition value at 30% annual costs (Hilffarm)
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Appendix 3 {(cont’d). Calculation of maximum acquisition value for automatic milking system

Transition from unlimited grazing (04) to summer feeding (S} at a milk quota of 10 000 kg per hectare

Milk yield (kg/cow} 7000
Costs of transition from 04 to S (Hfl/ha) 575
Gross margin increase due to change in milk yield (Hfl/ha) 100
Number of cows 45 75 105
Area (ha) 32 b3 74
Low investment level of milking pariour

Annual costs of alternative mitking parlour {Hfl/cow) 207 198 195
Gross margin increase due to transition from 04 to S (Hfl/farm) -18113 -30188 -42263
Gross margin increase due to change in milk yield (Hfl/farm) 3150 5250 7350
Annual costs of alternative milking parlour (Hfl/farm) 9315 14850 20475
Maximum annual costs of automatic milking system (Hfl/farm} -5648 -10088 -14438
Maximum acquisition value at 20% annual costs (Hfl/farm) -28238 -50438 -72188
Maximum acquisition value at 25% annual costs (Hfl/farm) -22590 -40350 -57750
Maximum- acquisition value at 30% annual costs (Hfl/farm} -18825 -33625 -48125
Average investment level of milking parlour

Annual costs of alternative milking parlour {Hfl/cow) 433 469 418
Gross margin increase due to transition from 04 to S (Hfi/farm) -18113 -30188 -42263
Gross margin increase due to change in milk yield (Hfl/farm) 3150 5250 7350
Annual costs of alternative milking parlour (Hfl/farm) 22185 35175 43880
Maximum annual costs of automatic milking system (Hfl/farm) 7223 10238 8978
Maximum acquisition value at 20% annual costs (Hfl/farm} 36113 51188 44888
Maximum acquisition value at 25% annual costs (Hfl/farm) 28830 40950 35310

Maximum acquisition value at 30% annual costs (Hfl/farm) 24075 34125 29925




High investment level of milking pariour
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Annual costs of alternative milking parlour {Hft'cow) 879 649 554
Gross margin increase due to transition from 04 to S {Hftfarm) -18113 -30188 42263
Gross margin increase due to change in milk vietd (Mflffarm) 3150 b2860 7350
Annegl costs of slternative milking parlour {HFfarm) 389565 48675 58170
Maxirnum annual costs of automatic mitking system (HitMarm) 24593 23738 23258
Maximum acquisition value at 20% annual costs {Hfl/farm) 1228863 118688 116288
Maximurm acquisition value at 25% annual costs {Hfl/farm) 98370 84850 93030
Maxirnum acguisition value at 30% annual costs (Hfi/ffarm) §1976 79128 77525
Labour economy 0,5 full-time worker {Hfl/farm) 32800
lmcrease in maximum acguisition value at 30% annual costs (Hfifarm) 108333
Labour economy 1 full-time woarker {Hil/farm) 85000

216668

increase in maxinuwn acquisition value at 30% annual costs (HfYfarm)
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Appendix 3 (cont’d). Calculation of maximum acquisition value for automatic milking system

Transition from limited grazing with supplementary feeding of 3 kg DM forage maize (B4 +3) to limited grazing with supplementary feeding of 6 kg DM
forage maize (B4 +6) at a milk quota of 15 O0C kg per hectare

Milk vield {kg/cow) 7000
Costs of transition from B4 + 3 to B4 + 6 (Hfi/ha) 150
Gross margin increase due to change in milk yield (Hfl/ha) 0
Number of cows 45 75 1056
Area (ha) 21 35 49
Low investment level of milking parlour

Annual costs of alternative milking parlour {Hfl/cow) 207 198 195
Gross margin increase due to transition from B4 +3 to B4 +6 {Hfl/farm) -3150 -5250 -7350
Gross margin increase due to change in milk yield (Hfl/farm) 0 0
Annual costs of alternative milking parlour (Hfl/farm) 9315 14850 20475
Maximum annual costs of automatic milking system (Hfl/farm) 6165 8600 13125
Maximum acquisition value at 20% annual costs (Hfl/farm) 30825 48000 65625
Maximum acquisition value at 25% annual costs (Hfl/farm) 24660 38400 52500
Maximum acquisition value at 30% annual costs (Hfl/farm) 20550 32000 43750
Average investment level of milking parlour

Annual costs of alternative mitking parlour (Hfl/cow) 493 469 418
Gross margin increase due to transition from B4 +3 to B4 + 6 (Hfl/farm) -3150 -5250 -7350
Gross margin increase due to change in milk yield (Hfl/farm) 0 o] 0
Annual costs of alternative milking partour {Hfi/farm) 22185 351756 43890
Maximum annual costs of automatic milking system (Hfl/farm) 190356 28925 36540
Maximum acquisition value at 20% annual costs (Hfl/farm) 95175 149625 182700
Maximum acquisition value at 25% annual costs (Hfl/farm) 76140 119700 146160

Maximum acquisition value at 30% annual costs (Hfl/farm) ) 63450 99750 121800




High investment level of milking pariour
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Annual costs of alternative milking parlour (Hfl/cow) 879 649 554
Gross margin increase due to transition from B4 +3 to B4 + 6 {Hfl/farm) -3150 -5250 -7350
Gross margin increase due to change in mitk yield (Hfl/farm) [¢] 0 [0]
Annual costs of alternative milking pariour (Hfl/farm) 39555 48675 58170
Maximum annual costs of automatic milking system: (Hft/farm) 36405 43425 50820
Maximum acquisition value at 20% annual costs (Hfi/farm) 182025 217128 254100
Maximum acquisition value at 25% annual costs (Hfl/farm) 145620 173700 203280
Maximum acquisition value at 30% annual costs (Hfi/farm) 121350 144750 168400
Labour economy 0,5 full-time worker (Hfl/farm) 32500
Increase in maximum acquisition value at 30% annual costs {Hfl/farm) 108333
Labour economy 1 full-time worker (Hfi/farm) 65000
Increase in maximum acquisition value at 30% annual costs (Hfl/farm) 216666
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Appendix 3 {cont'd). Caleulation of maximum acquisition value for automatic milking system

Transition from Limited grazing with supplementary feeding of 3 kg DM forage maize {B4 -~ 31 1o summer feeding (51 at a milk guota of 1% 000 kg per
nectare

Milk vield (kgicow) 7000
Costs of transition from B4 : 3 to S (Hfl/ha) 375
Gross margin increase due to change in midk yield (Hflthal 140
Fumber of cows 45 75 1085
Area {ha) 21 35 49
Low investment level of miiking parlour

Annual costs of alternative milking pariour {Hilicow) 207 138 135
Gross margin increase due to transition from B4 + 3 to S (Hil/farm) -7875 S1312% -18375
Gross margin increase due to change in milk yield (HilHarmi 2940 4800 8860
Annual costs of alternative milking partour (Hflfarm) 9316 14850 20475
Maximurr annual costs of automatic milking system (Hft/farm} 4380 BE25 B960
Maximum acquisition value at 20% annual costs {Hil/farm) 215800 33128 44800
Maximurm acguisition value at 25% annual costs {Hilfarmy, 17520 26500 35840
Maxirmurm gequisition value at 30% annuat costs (Hfl/farm) 14600 22083 29887
Average investment level of milking parlour

Annual costs of alternative milking pariour {Hflicow) 4932 459 418
Gross margin increase due to transition from B4 -3 to S iHfl/farm) -7875 -13125 18375
Gross margin increase due to change in milk yield IH{l/farm} 2940 4300 6860
Annual costs of alternative milking pariour {Hfl/{arm) 22185 35175 43890
Maximum annual costs of automatic milking system {Hilffarm) 17250 26950 32375
Maxirmum acguisition value at 20% annual costs (Hfl/farm} 868250 1347560 161875
Maximum acquisition value at 25% annual costs (Hfl/farm} 82030 107800 125500

Maximum acquisition value at 30% annual costs {Hflifarm} 57500 89833 107817



High investment level of milking parlour
Annual costs of alternative milking parlour {Hil/icow)

Gross margin increase due to transition from B4 + 3 to S {Hf/farm)
Gross rnargin increase due to change in milk vield (B#/farmi
Annual costs of alternative milking parlour (Hfi/farm)

Maximum annual costs of automatic milking system (Hfl/farm)
Maximum acquisition value at 20% annual costs (HflMfarm)

Maximum acqguisition value at 25% anpual costs {Hfi/farm)
Maximum acquisition value at 30% annual costs {Hifarm}

-59-

878

-7878
2940
39555

34620
173100

138480
115400

643

-13128
4300
48675

40450
202250

181800
134833

Labour economy 0,5 full-time worker IHflifarm)

increase in maximum acquisition value at 30% annual costs (Hifarm}
Labour econgmy 1 full-time worker (Hfl/farm)

Increase m maximum acquisition value &t 309% annual costs (Hflffarm)

554

-18375
6860
58170

46655

233275
186620
156517

32500
108333

65000
216866
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97 Opname van Engels raaigras, rietzwenkgras, en ltaliaans raaigras door melkvee, 1984 12,50
98 Het dikbilfenomeen bij het rund. Literatuuroverzicht met commentaar. 1985 25,00
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107 De invloed van de zwaarte van een snede op de hergroei van gras. 1987 25,00

108 Oogst en conservering van luzeme. 1987 15,00

109 De nawerking van eerder gegeven stikstof. 1989 25,00

110 Invioed stikstofbemesting en zwaarte voorgaande snede op hergroei van gras. 1987 15,00

111 Melkveehouderij en milieu. 1988 17,50

112 Energiebewuste bedrijfsvoering op een melkveebedrijf. 1988 25,00

113 Vorstschade in grasland. 1988 25,00
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135 Gecombineerd weiden van schapen en pinken. 1992 25,00
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