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INTRODUCTION 
 
From the end of the 1970’s research of automation on dairy farms started with the development of reliable cow 
identification systems. The first applications were automatic concentrate feeders. With the introduction of milk 
yield recording equipment, automation started also in the milking parlour. At the same time, developments of 
milking technology reduced labour input during milking. In a well-equipped milking parlour, the tasks of the milker 
are limited to attachment of the teat cups and control of the milk and the cow. To study the last step in total 
automation of the milking process, in the mid 1980’s a concentrate feeder was used to build a 1 cow milking 
parlour. Cows could enter the concentrate feeder 24 hours a day. When cows entered, the milking cluster was 
attached manually. This first experiment showed that, in principle, it would be possible to automatically milk a 
cow in a concentrate feeder (Rossing et al., 1985). The last and most challenging step in the complete 
automation of milking was the development of automated cluster attachment. In the beginning of the 1990’s, a 
series of cluster attachment principles were in study (Marchal et al., 1992; Street et al., 1992; Dück, 1992; Van 
der Linde and Lubberink, 1992; Klomp et al., 1990). Moreover in 1992 the first automatic milking systems were 
installed at commercial dairy farms in the Netherlands. Since that time, developments have gone fast. In Europe, 
almost all dairy equipment companies have an AM-system in their range of products and AM has become a fact 
instead of fiction. 
 
This paper gives an overview of the principles of AM and the impact of AM on the management of a dairy farm. 
 
 
FARMS MILKING WITH AN AUTOMATIC MILKING SYSTEM 
 
The first developments on AM-systems started in North Western Europe. Also in Japan AM-systems are under 
development (Hachiya et al., 2000). The reason that these countries started the development of AM-systems 
most probably are related to the expensive labour in these countries and the farming structure. Most farms are 
family farms and the hiring of external labour is because of high costs a large step to make. In some countries, 
such as the Netherlands, the tax system makes investments more interesting. Moreover, in countries with a milk 
quotation system and a relatively high milk price the high investments in milking technology are easier to make 
than in a country with lower milk prices such as the USA (Armstrong and Daugherty, 1997; Dijkhuizen et al., 
1997). However, when AM became more and more an established technique, interest gained also in North 
America. Nowadays AM-systems are regarded to have potential for as well the USA (Reinemann and Jackson-
Smith, 2000) as Canada (Rodenburg and Kelton, 2001). It is also not a coincidence that companies (Prolion and 
Lely) which had no traditional milking systems in their product package developed the first successfully marketed 
AM-systems. For these firms, each sold AM-system generates additional turnover. For the milking machine 
companies the selling of an AM-system does not generate as much additional turnover, since it replaces their 
original products. 
 
The first AM-systems on commercial dairy farms were in the Netherlands. This is probably because Prolion and 
Lely Industries were Dutch companies. In the 1990’s other companies also started to develop AM-systems 
(DeLaval, Insentec, Orion, Westfalia-Surge), sometimes based upon existing principles. Other milking machine 
companies used existing teat cluster attachment technology and combined that with their own milking technology 
to develop an AM-system (Fullwood, Gascoigne-Melotte, Boumatic).  
 
In the first years, the number of farms with an AM-system did not increase very rapidly, until 1998 (Figure 1). 
From that year on, in the Netherlands AM became an accepted technology by a large part of the dairy sector and 
also other countries adopted AM-systems. In January 2001, world-wide more than 700 commercial farms used 
one or more AM-systems to milk their cows. Many farms have, because of the number of cows to be milked, 
more than one milking stall on their farm. Therefore, the number of sold AM-systems is much higher than 700. 
Most dairy farms with an AM-system can be found in the Netherlands. And more than 90 % of all dairy farms 
with an AM-system are located in north-western Europe (Figure 2).  
 
 
PRINCIPLES OF AUTOMATIC MILKING AND AVAILABLE SYSTEMS 
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An AM-system has to take over the “eyes and hands” of the milker and therefore these systems have electronic 
cow identification, cleaning and milking devices and computer controlled sensors to detect abnormalities. An 
AM-system consists of six main modules: 
- Milking stall 
- Teat detection system 
- Robotic arm device for attaching the teat cups 
- Teat cleaning system 
- Control system including sensors and software 
- Milking machine 
 
 
The milking stall 
 
The milking stall is basically a concentrates-feeding box, in which cows can enter voluntarily and can be 
provided by concentrates. It is important that cows feel comfortable in the milking stall. Cow comfort increases 
the attractiveness of the AM-system and will therefore be a positive factor in the cow traffic. Most AM-systems 
are provided with milking stalls that modify the posture of the cow to improve performance of the system (e.g., 
Devir et al., 1996; Mottram, 1992). In some AM-systems, the length of the milking stall can be adjusted to the 
length of the cow (Devir et al., 1996) preventing the cow to move to much, which has negative effects on the 
performance of the system. AM-systems can be supplied as one-stall systems and multiple-stall systems. Some 
companies offer an AM-system with 1 milking stall serviced by one robot arm device (one-stall system). Other 
companies offer systems in which 1 to 4 milking stalls in one row are serviced by one robot arm device (multi-
stall system). In these systems, the robot arm moves from one stall to another to attach the teat cups. A one-stall 
system can milk approximately 60 cows 2.5-3 times a day. A system with 4 boxes can milk approximately 160 
cows 2.5-3 times per day. These figures are estimates based upon practical experience. The capacity depends 
on the farm-specific circumstances such as the barn layout, feeding system and labour input. The capacity, in 
terms of total milk production per year, further depends on the average annual yield of the herd and on the 
average milk flow rate per minute during milking how much milk can be delivered through one AM-system. In 
1999 at the Waiboerhoeve High-tech farm, an experimental farm of the Research Institute for Animal Husbandry, 
a 70-cow herd produced approximately a total of 700,000 kg of milk was with a 1 box AM-system. However, 
1999 was the first year that the farm running and the labour input on this farm is limited to 2500 hours per year. 
The goal for this experimental farm is to milk 800,000 kg per year and, if possible, more within the labour 
constraints of 2500 hours per year. There may be a few commercial farms milking more kg of milk per year. 
Although these farms show the possibilities of AM, they can be seen as exceptions which might only be possible 
with very favourable circumstances, high milk productions per cow and much labour input to maximise the 
capacity of the AM-system. 
 
 
Teat detection system 
 
The udder shape and teat position differs substantially from cow to cow. The distances between teats and the 
dimensions of teats differ from breed to breed, but also from herd to herd. But even within a cow, teat position 
will differ (Miller et al., 1995).  This variation depends on facts as the amount of milk, milk interval, deformation of 
the udder shape due to lying in the cubicle and lactation stage. Also the heights of the teats differ from cow to 
cow or within a cow, between front and rear teats. Another aspect is that cows, although they are restricted in 
movement, can move in the milking stall and so the position of the teats will change.  
 
Udder and teat position can be measured and stored in a database, but it is impossible to attach teat cups 
successfully based on this information. An AM-system therefore needs an active teat detection system to 
localise the teats. This technically quite difficult process has been solved by using different techniques, like 
ultrasonic sound, laser techniques and vision techniques (Artmann, 1997). These techniques are used to find the 
position and place of the teats in reference to a fixed point on the robot arm. In fact, the system creates a 3D 
view, so the system knows where to attach the teat cup to the teat. The environment in which these techniques 
operate, is quite rough, containing, moist, dust and manure. The workmanship must be adjusted to these rough 
environmental conditions, otherwise the performance of the system will not be sufficient.  
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Robotic arm 
 
Different types of robot arms are used in the various types of AM-systems (Artmann, 1997; Rossing and 
Hogewerf, 1997). Some robot arms imitate conventional milking by using an arm with a gripper, which picks up 
the teat cup from a storage rack at the side of the stall. The four teat cups are attached in succession. Some 
robot arms do not only attach teat cups, they monitor the position of the teat cups during milking and they carry 
out teat disinfection after milking. Other (multi-stall) systems have movable arms which are moved from one stall 
to another. Each milking stall has 4 milk cups mounted on a special rack. The robot arm moves from one stall to 
another, picks up the whole rack or each separate teat cup and starts the attachment process. After attachment, 
the robot arm is disconnected and can be moved to the next stall.  
Another system (a one-stall system) uses a robot arm with a fixed milk rack integrated with the robot arm. Each 
teat cup is attached separately, starting with the teat cups for the hind teats and finishing with the front teats.  
In general the attachment process is quite time consuming, somewhere between 45 and 100 seconds, 
depending on the behaviour and the udder characteristics of the cow. A skilled milker needs 10 to 15 seconds to 
attach all four teat cups. All current systems attach the four teat cups in succession.  
 
 
Teat cleaning system 
 
Before milking, the udder and teats have to be cleaned, milk ejection (let-down) has to be stimulated and the 
udder health has to be checked (Pankey, 1989). The purpose of cleaning teats is primarily to remove dirt and 
other particles from the teats and adjacent parts of the udder, so that contamination of the milk is reduced to the 
minimum. Current AM-systems do not have sensors to detect the amount of dirt at the teats (Mottram, 1997), so 
the cleaning system should be based on dirty teats. Efficient cleaning is of particular importance when there are 
high levels of spore-forming bacteria present in the environment of the cow. The teat cleaning system should 
also aim at minimising the risk of transferring udder pathogens from teat to teat or from cow to cow.  
There are several principles of teat cleaning with AM-systems: 
- Sequential cleaning by brushes or rollers  
- Simultaneous cleaning by a horizontal rotating brush 
- Cleaning with water in the same teat-cup as used for milking 
- Cleaning by a separate ‘teat cup like’ device.  
Generally, plain water is used for the cleaning of the teats. Sometimes the cleaning devices are flushed with 
plain water or disinfected between consecutive cleanings. When disinfectants are used, it is important to 
guarantee that the teats are free of disinfectants before milking starts. Early research on the teat cleaning 
systems, available at that time, showed that the efficiency of the cleaning devices is a matter of concern. Several 
trials showed that cleaning with these devices is better than no cleaning, but not as good as manual cleaning by 
the herdsman in conventional milking systems (Schuiling, 1992). However, there is no recent information 
available on the effictiveness of the current teat cleaning systems and possible side effects, especially risks of 
increased intramammary infections. 
  
Besides cleaning the teats, automatic cleaning devices also stimulate the milk let down process. Stimulation of 
the milk ejection reflex is necessary for efficient milking. The most important stimuli are udder and teat cleaning 
and the action of the milking machine (liner wall movement). It is not known if there is a difference between the 
teat cleaning methods of the different AM-systems with respect to the intensity of the milk ejection reflex. 
However, it is clear that an automated pre-treatment is more repeatable than manual pre-treatment. This might 
have a positive effect on the milk ejection.  
 
 
Control system and sensors 
 
AM-systems need sensors to observe and to control the milking process like the milker is doing. AM-systems 
therefore are equipped with a variety of sensors. These sensors are the ‘eyes’ of the AM-system and their task is 
to observe and control the milking process. This includes the start of the milk let down process, milk yield, 
electrical conductivity (to check for udder health), temperature of the milk, feed intake, sometimes body weight 
and so on. All measurements are automatically stored in the database and a management program is used to 
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analyse these data and to control the settings and conditions for the cows to be milked. Attention lists and 
reports are presented to the farmer by screen or printer messages. In urgent cases like a break down, or severe 
problems with a cow, the system immediately warns the herdsman by sending a text message via a mobile 
phone of an alarm.   
 
 
The milking machine 
 
The milking machine is more or less similar to the milking techniques in conventional milking parlours, except 
that there is no milking cluster. This also means that individual quarter milking is applied. For each quarter a teat 
cup, milk and pulse tube is used and the milk will be transported separately till the milk meter or the receiver. In 
general milk tubes will be much longer than those applied in conventional milking, resulting in a considerable 
vacuum drop below the teat during milking. An air inlet below the teat cup is used to transport the milk from teat 
cup to receiver. Due to the length of the milk tube, the air/milk ratio in AM-systems is almost 10:1 compared with 
3:1 in conventional milking. This latter may very well be part of the reason of increased levels of free fatty acids 
as will be described later in this paper. 
 
 
MANAGEMENT ASPECTS 
 
Changing over from a milking parlour to automatic milking will lead to large changes for both herdsman and cow 
and can cause stress to both. When using an AM-system, milking does not require permanent supervision 
anymore. However this does not mean that all the time traditionally spent for milking will be spared. When 
introducing AM on a farm, new labour tasks arise: control of the AM-system, twice or three times a day checking 
of attention lists and control of the cows, driving individual cows to the AM-system etc. There is very little field 
data on the labour savings when applying automatic milking. A model study showed physical labour savings of 
38 % for a normal cow traffic situation (Sonck, 1995). A more recent model study showed a decrease of labour 
time with 30 % when AM was compared to milking in a 2 x 5 herringbone milking parlour (Schick et al., 2000). 
Data from 14 farms showed that the time spent on tasks relating to milking cows with an AM (control of the cows 
and the AM-system, fetching of cows etc) varied from 32 min. to almost 3 hours per farm per day. In terms of 
labour per cow per day, the variation was between 27.3 to 85.9 sec. per cow per day (Van ‘t Land et al., 2000). 
Not only the amount of labour changes, but also the character of the labour changes. Instead of mainly 
handwork during milking, the herdsman has to check attention lists from the computer of the AM-system from 
time to time and to take decisions accordingly. However, the work is less time bound compared with traditional 
milking systems, enabling a more flexible input of labour. This can be especially attractive on family farms, where 
one or two persons have to bring in the total work load. On the other hand, because milking has changed into a 
24 hour process, system failures can occur for 24 hours per day. When the AM-system malfunctions, an alarm is 
given, for instance on a mobile phone. Therefore, there should always a person be on duty to react on system 
failures. Practical experiences show that system failures occur approximately once every two weeks. Good 
maintenance and attendance can decrease the number of failures. For instance, sensor failures might occur 
because the sensors are dirty. These failures can easily be prevented 
 
The impact of changing to AM on the cows can be large, especially if the cows are moved from a stanchion barn 
to a loose housing system with an AM-system. The AM-system might not be suitable for all cows, because of 
udder shape, teat position or behaviour. This might lead to some additional culling around the introduction of AM. 
There are no data available on changes in culling because of AM. Based upon experience, it is expected that the 
culling rate of cows, because they are not suitable for automatic milking, is approximately 5-10%. After 
introduction of AM, it is likely that the reasons for culling will change, especially in situations with milk quotation. 
This change in reasons for culling will normally not lead to an increase in culling rate.   
 
The transition period, the change from traditional milking to AM is extremely important and many times 
underestimated. To learn the cows to adapt themselves to the new surrounding and milking system, they should 
be handled quietly and consistently. It is important to not intervene too fast and let cows learn themselves. In 
general, younger cows adapt easier to AM than older cows. When heifers are introduced in a herd with an AM-
system, they tend to adapt easy. It is not recommended to introduce cows from a non-AM farm to an AM farm. 
The largest change from traditional milking towards AM is however not for the cows, but for the management. 
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The process of milking continues for 24 hours a day without human supervision. These changes might influence 
the milk quality, the demands for barn layout and cow traffic and have effects on the capacity of the AM-system.  
 
A large aspect of successful transition to AM, has to do with the expectations of the dairy farmer. When 
expectations were too high, the disappointments can also be too high. High expectations require high input of 
labour and management. Almost all manufacturers of AM-systems have had farmers that reverted back to a 
traditional milking system. There is only anecdotal knowledge on numbers of farmers who reverted back to a 
traditional milking system and the reasons why they did it. Key factors in successful transition towards AM are:  
Realistic expectations 
Good management support by skilled consultants before, during and after transition 
Flexibility and discipline to control the system and the cows 
Ability to work with computers 
Much attention to a good functioning cow traffic and the willingness to invest in a barn layout to make this 
possible 
 
 
MILK QUALITY 
 
Compared to a conventional milking parlour, an AM-system, may influence milk quality in a number of ways. 
First, cows can be milked more than twice a day. When milking three times a day instead of two times a day in 
conventional parlours, an increase in milk yield, a decrease in fat and protein contents and an increase in free 
fatty acids (FFA) level has been reported (Ipema and Schuiling, 1992; Jellema, 1986; Klei et al., 1997). A change 
in air/milk ratio might also influence the level of FFA. Much lipolysis in milk, causing high levels of free fatty acids 
has a negative impact on the taste of milk. Especially in butter production, high levels of FFA in the milk should 
be prevented.  
 
Although an AM-system is in use for 24 hrs a day, the system will not actually be milking cows 24 hrs a day. 
Hence, milk will remain in the system for some time, which may enhance bacterial growth. The low number of 
cows milked per hour also necessitates adaptations in the cooling equipment of the bulk milk tank. In addition, 
the construction of the milking equipment, such as the milking cluster and milk tubes of a milking robot differs 
from conventional milking equipment. Since there is no milker present during the milking process, direct control 
for appearance of milk and udder, and thus for clinical mastitis cannot be carried out. Control of udder health 
depends on information obtained from electrical conductivity, temperature of the milk and milk production. 
Moreover the cleaning of the udder prior to milking cannot be carried out by a milker. The different types of 
milking robots, currently on the market, each have equipment to clean the teats prior to milking. These cleaning 
devices treat every cow the same way and make no  difference between dirty and clean udders. Because one 
AM-system milks 50 - 60 cows, there might be a larger probability that mastitis pathogens transmit from cow to 
cow. 
All the differences in AM-systems compared to conventional systems described above may influence milk 
quality. The quality of milk is a very important aspect of milk production. Milk payment systems and consumer 
acceptance are partly based on it 
 
 
Dutch study on milk quality 
 
In 2000, a study was carried out on all Dutch farms using an AM-system (Van der Vorst and Hogeveen, 2000). 
From the 180 farms, 101 were suitable for this study. The other farms just recently switched over to an AM-
system, had in addition to the AM-system a conventional milking parlour, had an questionable registration 
number or were not willing to co-operate. The farms in the study were divided in first generation farms (AM1, the 
“innovators, changing to AM before 1998) and second generation farms (AM2). Two control groups were used. 
One group of 60 farms, milking two times a day (2x farms), was randomly selected from the database of the 
Dutch milk quality control program (Milk Control Station). The second control group was identified by the Dutch 
DHIA and consisted of all farms (45) milking 3 times a day (3x farms) with a conventional milking parlour. 
 
For the period of June 1997 until halfway October 1999, for every selected farm, bulk milk quality data from the 
Dutch milk quality control program were collected. The available milk quality parameters were: Total plate count 
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(TPC, measured every 2 weeks), bulk milk somatic cell count (BMSCC, measured every 4 weeks), FP 
(measured every 6 months) and FFA (measured twice a year).  
 
The first generation farms with an AM-system were already studied by Klungel et al. (2000). It was shown that 
after implementation of the AM-system, on average, these farms showed an increase of TPC, FP and FFA, while 
the BMSCC remained unchanged. With the second generation farms, the mean values of all quality parameters 
analysed (TPC, BMSCC, FP and FFA) increased after introduction of the AM-system (Table 1). However, the 
BMSCC on AM2 farms was before and after introduction of AM lower than on the AM1 farms. After introduction 
of the AM-system, the level of FFA exceeded the level of the 2x and 3x farms. Data from Denmark and Canada 
on SCC and TPC were consistent with the Dutch data (Justesen and Rasmussen, 2000; Rodenburg and Kelton, 
2001). However, especially for the Canadian data it was too early to really conclude anything on milk quality 
results.  
 
The variability within the different farm types was considerable. Especially the variability of TPC and FP 
increased within the individual farms of the second generation after the introduction of the AM-system.  
 
Table 2 presents the percentage of samples of bulk tank milk exceeding the Dutch penalty limits for every farm 
type and each quality parameter. The Dutch penalty limits were 100,000 cpu/ml, 400,000 cells/ml, 0.505 C and 1 
meq/ml respectively for TPC, SCC, FP and FFA. The FFA showed the largest increase in penalty points. As was 
mentioned before, the amount of FFA after introduction of the AM-system was higher than the average found for 
3x farms. The penalty points for TPC, BMSCC and FP increased more or less equally with a factor 2 to 3 
compared to before the introduction of the AM-system. Although, there was a decrease of milk quality on the 
Dutch farms using an AM system, 53 % of the farms with an AM-system always produced first class milk (i.e., no 
milk price reductions) (Figure 3).  
 
 
Detection of clinical mastitis 
 
Since there is no milker anymore, a sensor system has to detect clinical mastitis. In practice, when the system 
gives an attention for clinical mastitis, the herdsman will check the cow first before treatment. Therefore, false 
positive results (an attention which was not true), if not too many, will not be a problem. The only costs that are 
made are the check of the herdsman. It is important that as many cows with clinical mastitis as possible 
(preferably all) will be identified, requiring a high sensitivity. At least cows with severe clinical mastitis (grave 
systemic and local symptoms) must be detected. The number of cows which are on the attention list and do not 
have clinical mastitis may not be too high, requiring a low percentage of false positive outcomes. Currently, 
electrical conductivity (EC) is used as main sensor for the detection of clinical mastitis. 
 
To discuss the effectiveness of sensors, the terms sensitivity and specificity are used. The sensitivity refers to 
the probability that a milking with abnormal milk (or a cow with clinical mastitis) will be classified as such (positive 
test result). The specificity refers to the probability that a milking without abnormalities (or a cow without clinical 
mastitis) will be classified as normal (negative test result). Sensitivity and specificity are interdependent. If the 
threshold of a test is increased, the number of positive outcomes and thus the sensitivity will decrease. On the 
other hand, the specificity will increase. Therefore, thresholds have to be set optimal performance of sensitivity 
and specificity. However, for practical evaluation the predictive values (positive and negative) of a test are more 
important. The predictive value is dependent sensitivity, specificity and prevalence of a disease.  
 
Although some laboratory studies found a sensitivity of 100 % when using EC to detect clinical mastitis, meta 
analyses showed that an average sensitivity (clinical mastitis cases which were detected as such) of only 68 % 
(Hamann and Zecconi, 1997) and 66 % (Nielen et al., 1992). However, the studies summarized in these meta 
analyses, were rather diverse, and the used algorithms could be improved. De Mol et al. (1998) described a very 
extensive field study applying standard and improved algorithms. Commercially available on-line mastitis 
detection systems were used at 4 farms for several years. Test results of the software of the manufacturer gave 
sensitivity, varying from 18 to 36 % and a specificity varying from 98.1 tot 99.4 %. On the same data, a special 
algorithm using not only EC data but also milk production and temperature data was applied. This model has the 
possibility to give attentions on various confidence levels (varying from 95 % tot 99.9 %). At a confidence level of 
95 %, overall sensitivity and specificity were 80 % and 98.6 % respectively. At a confidence level of 99.9 %, 
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these figures were respectively 55 % and 99.3 % respectively for sensitivity and specificity. With such 
characteristics, EC combined with other available sources of information, might very well be used to generate 
attention lists for clinical mastitis. An adjustment of these algorithms for AM showed also promising results (De 
Mol and Ouweltjes, 2001). Application of fuzzy logic, gave an important improvement in decreasing the number 
of false positive test results (De Mol and Woldt, 2001). Current AM-systems on the market have not implemented 
these type of improved algorithms yet.  
 
There are developments towards new types of sensors such as near infrared measurements, which is already in 
development for on-line measurement of milk composition (Tsenkova et al., 1999; Tsenkova et al., 2000) and 
color measurement. First laboratory results of color measurement showed good perspectives for on-line 
application (Ouweltjes and Hogeveen, 2001). Future developments might be directed towards bio-sensing 
techniques (Mottram et al., 2000). 
 
 
Cooling 
 
It is generally recommended that the milk should be cooled within 3 hours and stored at a temperature below 
4oC. In conventional milking, cows are milked twice a day, so twice a day a big volume milk must be cooled. In 
AM, however, the system operates 24 hours and a relatively small amount of milk is flowing more or less 
continuously to the bulk tank. Average flow rate will range between 50 and 250 kg per hour with 1 to 4 milkings 
stalls. Furthermore in the (late) night period there may be some periods without any milk flow because of a low 
activity of the cows.  
 
Milk can be cooled either directly or indirectly. Most bulk tanks have the direct cooling principle, which means the 
evaporator of the refrigerator system has a direct thermal contact with milk or the inner tank of the bulk tank 
(Figure 4). With indirect cooling the heat is transferred from the milk to the cooling gas through a medium like ice 
water. Direct cooling is the most commonly used cooling system.  
 
With direct cooling of milk, the cooling process is not allowed to be started before approximately 10% of the 
volume is filled with milk. This to prevent the risk of freezing and deterioration of milk quality. In conventional milk 
this 10% filling will take 0.5-1 hours, in automatic milking this period might increase up to 10 hours. Such a delay 
of cooling will increase the risk of bacterial growth. Moreover many dairy industries require that all milk, also from 
farms with AM-systems, should be cooled within 3 hours to below 4oC. In order to fulfil these demands, the 
cooling system at an AM-system needs adjustment.  
 
Different systems for milk storage and cooling can be applied with automatic milking systems. The basic 
requirement is that the system can operate at the given conditions of automatic milking. In certain situations, it 
might be useful to have a cooling system which is also able to store the milk when the bulk tank is emptied and 
cleaned.  This enables the AM-system to continue milking, thus increasing the capacity of the system. In general 
there are four principles to adjust the cooling system with an AM-system (Wolters et al., 2000):  
- Indirect cooling with an ice-bank tank 
- Combination of bulk and buffer tank 
- Storage tank with adjusted cooling method 
- Instant cooling 
 
Indirect cooling  
The principle of icebank cooling, is a form of indirect cooling, which is known already for many years. The bulk 
milk tank has an indirect cooling system consisting of a separate cooling unit and bulk milk tank. The separate 
cooling unit acts as a bulk tank but the system produces ice and ice water (Figure 5). The ice water acts as the 
cooling medium and is sprayed against the inner tank of the bulk tank. The milk can never freeze and the cooling 
starts immediately when the first milk enters the bulk tank. In general, the energy consumption of ice bank tanks 
is larger compared with direct cooling systems. The estimated energy consumption of icebank cooling is 22-25 
kWh/1000 kg of milk, while in comparison, the estimated energy consumption of a combination of buffer and 
storage tank cooling is 16.6 kwh/1000 kg of milk. The costs for cooling might be less high, since with an icebank 
cooling system, the cooling can mostly be done at night time, when in some countries the costs per kWh is much 
lower than during daytime. 
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Combination of bulk and buffer tank 
A buffer tank (a small milk tank, including the cooling and cleaning system) is used to store and cool the milk 
when the bulk tank is emptied and cleaned (Figure 6). When the buffer tank is filled for 10%, which takes 2 to 3 
hours, the milk can be cooled. As soon as the buffer tank holds more than 10% of the bulk tank, the milk is 
pumped over manually or automatically to the bulk tank. The bulk tank takes over the cooling process without 
the risk of freezing the milk. The buffer tank will be cleaned and stays out of use until the next milk delivery to the 
dairy. A disadvantage of this system is that, especially when the buffer tank is oversized compared to the 
storage tank, in practice it might take longer than 3 hours before the filling percentage of 10 % is reached 
(Wolters et al, 2000). 
 
Adjusted cooling method 
Some manufacturers sell bulk milk tanks with a cooling system known under the name interval cooling. The tank 
is more or less similar to a direct cooling tank, but the control of the evaporator in the tank has been changed. 
The thermostat, which controls the cooling process in the evaporator, is switched off during the 10% filling phase 
of the bulk tank. During this period the evaporator is switched on for a few minutes several times per hour, so the 
milk in the bulk tank will cool but not freeze. A special control system controls the required length and frequency 
of the cooling intervals based on the milk flow, the temperature of the incoming milk, the cooling capacity and the 
amount of cooled milk in the bulk tank.  
 
There are also bulk milk tanks on the market, which are equipped with two evaporators, designed especially to 
be used with AM-systems. The first evaporator is able to start cooling with small milk quantities, the second 
evaporator will be set in action if enough milk is available.   
 
Instant cooling  
In this system the milk is cooled before entering the bulk tank during the transfer from the AM-system to the bulk 
tank by two pre-coolers (Figure 7). The milk is cooled in the pre-cooler, a heat exchanger, in which the 
refrigerant flows in the opposite direction to the milk. A constant milk flow is necessary to ensure a constant 
temperature of the milk coming out of the pre-cooler. For this purpose a small buffer vessel is used (200-300 l) 
and a milk pump. The buffer vessel is also used to store the milk during the emptying and cleaning of the bulk 
tank after the milk delivery. The buffer vessel and transfer pipes are cleaned during the cleaning of the AM-
system.   
 
All described systems have advantages and disadvantages (Wolters et al., 2000). Most important aspect of 
cooling is that upon the decision to invest in an AM-system, cooling is an important side-aspect which should be 
looked after. 
 
 
MILKING FREQUENCY 
 
An important feature of automatic milking systems is the possibility to increase the number of milkings per cow 
per day. It is known that milk production, in terms of milk production per hour, is dependent on the milking 
interval (Davis et al., 1998, Ouweltjes, 1998). An increase in milk yield from 6 to 25% in complete lactations has 
been shown when increasing the milking frequency from two to three times per day (Erdman and Varner, 1995; 
Klei et al., 1997; Hogeveen et al., 2000). Increasing the milking frequency from two to three times per day also 
appears to improve udder health. In a number of studies, a decrease in somatic cell count (SCC) was observed 
(Klei et al., 1997; Hogeveen et al., 2000). Because of this knowledge, it was argued that the introduction of 
automatic milking may increase milk production per cow and may have beneficial effects on the udder health 
(Hillerton and Winter, 1992; Paape et al., 1992).  
 
Dairy herd information records in The Netherlands show that daily milk production increases by 11.4 %, when 
farms change from milking two times per day in a milking parlour to automatic milking (unpublished data). 
However, as is described in the section on milk quality, there is no improvement in SCC. An important difference 
between AM and milking in a milking parlour is the fact that cows have to enter the milking robot voluntarily. 
Therefore, cows will not be milked at fixed intervals. Very long and very short intervals between milkings are 
possible.  



 
The French version of this text was included in the proceedings of the 25e Symposium sur les bovins laitiers held on October 
17, 2001 in St-Hyacinthe, Québec. For more information, call the Centre de référence en agriculture et agroalimentaire du 
Québec (CRAAQ) at (418) 523-5411.   
  Page 10 

 
Figure 8 gives the frequency distribution of milking intervals based on two year data of the Waiboerhoeve High-
tech farm of the Research Institute of Animal Husbandry. At that time, the farm had 66 cows (Hogeveen et al., 
2001). The frequency distribution of the milking intervals illustrates that the median milking interval was 8 hours, 
but very short and very long milking intervals were observed. Of all milkings 17.6 and 4.2 percent had a 
preceding milking interval of respectively more than 12 and 16 hours. Longer milking intervals have a negative 
effect on milk production, but most probably also on udder health (Stelwagen et al., 1997; Stelwagen and Lacey-
Hulbert, 1996). Studies with once daily milking showed that after 17 hours of accumulation of milk significant 
functional changes occur in the udder tissue (Stelwagen et al., 1997).  
 
In addition to long intervals, short intervals occurred also (Figure 8). Respectively 34.6, 9.7 and 0.5 percent of all 
milkings had a preceding milking interval shorter than 8, 6 and 4 hours. It was demonstrated that increasing the 
milking frequency from 3 to 4 times per day, and thus decreasing milking interval, had adverse effects on teat-
end condition (Ipema and Benders, 1992). By means of ultrasound, Neijenhuis et al. (2001) measured the 
recovery of the length and width of the teats after milking. It was shown that recovery might take up to 8 hours, 
suggesting that milking intervals should not be shorter than 8 hours (Neijenhuis et al., 2001). Both, very long and 
very short milking intervals, may increase the risk of intramammary infection. 
 
From the same dataset, the effects of milking frequency on milk production could be calculated. It showed that 
shorter milking intervals gave a higher milk production per hour. This effect was dependent on production level of 
the cow. High producing cows showed a larger effect than low producing cows. The occurrence of variation in 
milking intervals can partly be explained by cow related factors. It is likely that cows differ in their eagerness to 
visit the milking robot. Therefore, average milking frequencies (milkings per day) were calculated for all cows 
during the 2 year experimental period (Figure 9). Most cows had an average milking frequency of 2-2.5 milkings 
per day. However, 6 percent of the cows had an average milking frequency of less than 2 times per day and 9 
percent of the cows had an average milking frequency of more than 3 times per day.  
 
 
Impact of milking frequency on capacity 
 
The capacity of an automatic milking system is often expressed as the number of milkings per day, but this 
number will largely depend on the configuration of the automatic milking system, like the number of stalls and the 
use of selection gates, milking frequency, machine on time and herd size. Increasing the number of milkings per 
cow per day, does not necessarily contribute to a high output capacity in kg of milk per day. This is due to the 
more or less fixed handling time of the automatic milking system per milking and the decreasing amount of milk 
per milking when cows are milked more frequently. The challenge is to maximise the capacity of an AM- system 
in terms of kg milk produced per day in order to minimise the costs per kg of milk produced (De Koning and 
Ouweltjes, 2000). Milk flow rate and yield have a large impact on capacity in kg per day.  
 
The milk flow rate and yield are largely influenced by the milking frequency. By changing the milk criteria (the 
moments that cows are allowed to be milked) for individual cows, the AM-system can be optimised to realise a 
maximal capacity in kg per day. Besides effects on capacity, negative effects of certain milk intervals, such as 
increase of FFA with shorter milking intervals and possibly an increase in SCC with long and short milking 
intervals must also be taken into account. Much work has yet to be carried out in order to advise farmers 
adequately on the optimisation of milking frequency.  
 
 
BARN LAYOUT AND GRAZING 
 
Automatic milking places emphasis on the cow’s motivation to visit the AM-system to be milked more or less 
voluntarily. The main underlying motive for a cow to visit the AM-system is the supply of concentrate. Therefore, 
all current AM-systems are equipped with concentrate dispensers. In the transition from conventional to 
automatic milking, cows have to learn to visit the AM-system at other times than before. This needs special 
attention and in the first week human assistance will be necessary.  
 
 



 
The French version of this text was included in the proceedings of the 25e Symposium sur les bovins laitiers held on October 
17, 2001 in St-Hyacinthe, Québec. For more information, call the Centre de référence en agriculture et agroalimentaire du 
Québec (CRAAQ) at (418) 523-5411.   
  Page 11 

Barn layout 
 
In order to facilitate a fluent cow traffic, the barn layout and design is an important aspect for AM. All possible 
positions within the barn at which AM-systems might be located are schematically given in Figure 10. From 
research it became obvious that some kind of routing is necessary for cows to visit the AM-system. Type A in 
Figure 10 is therefore not an option. The routing in the barn should be according the Eating – Lying – Milking 
principle. Cows should have an easy access to the milking stall. Selection gates, long alleys and so on should be 
minimised. The AM-system should be a part of the free stall barn (Lind et al., 2000). In order to minimise walking 
distance of the cows, the AM-system should be placed as central as possible. However, for matters of hygiene, 
in many countries the dairy industry requires the placement of the AM-system close to the milking room. 
Moreover, it is required that the AM-system can be reached through a clean route. Situations B and C in Figure 
10 are mostly applied in practise. Although concentrates can and will be fed in the AM-system, high producing 
cows can not eat enough to provide them with sufficient energy. Additional concentrates are necessary, either 
supplied in TMR or in a concentrates feeder. Therefore, in the Netherlands most barns with an AM-system are 
also equipped with a concentrate feeder. When planning a layout and a cow traffic situation it is important to 
realise that concentrates intake has effects on subsequent roughage intake (Morita et al., 1996). Figure 11 gives 
a possible barn layout in which both situations B and C can be applied. Both situations differ in the way the cow 
routing is maintained. In situation B free cow traffic is allowed. This means that the cows can move from the lying 
area to the feeding area without visiting the AM-system. In a one-way cow traffic situation, the cows can only 
move from the lying area to the feeding area through the AM-system. Although the most effective way to utilize 
the AM-system is the application of one-way cow traffic, there is a general consensus that for animal welfare, 
free cow traffic is better. Behaviour of cows changed when a situation of free cow traffic is changed to a situation 
of one-way cow traffic (Ketelaar-de Lauwere, 1998; Metz-Stefanowska et al., 1993; Winter et al., 1992; Ketelaar-
de Lauwere et al., 2000a). Moreover, in a one-way cow traffic situation, the time that cows spend in the waiting 
area before the AM-system might be high (Hogeveen et al., 1998). This might also have consequences for the 
intake of roughage, which might be too limited in a one-way cow traffic system.  
 
A combination of these 2 traffic systems is also possible: only some cows are forced to go to the milking system 
first, others can pass through a special ‘smart’ gate  (cow identification) to the feeding area. 
 
 
Grazing 
 
In several countries throughout the world, grazing is routine. In the Netherlands, a relatively intensive system of 
grazing during daytime is applied.  When applying AM, from an economic view, zero grazing is favourable 
(Parsons and Mottram, 2000). However all year round housing is a controversial aspect of farming for many 
European consumers and farmers and most concern of the public seems to be related to issues of animal 
welfare and changes in grazing (Mathijs, 2000). For the dairy sector it is therefore profitable to have a pro-active 
approach towards these issues (Millar, 2000).  
 
Not many studies are published on the combination of AM and grazing. Ketelaar-de Lauwere et al. (1999) 
described a study where zero grazing was combined with restricted grazing (12 hours per day) and unrestricted 
grazing (24 hours per day). The average daily milking frequency decreased for unrestricted grazing when 
compared with restricted grazing and zero grazing. However, there was no difference in daily milking frequency 
between restricted grazing and zero grazing. It was concluded that a combination of grazing and AM is possible. 
Moreover, it was concluded that the cows preferred lying in the pasture than in the cubicles. In a follow-up study 
the effects of distance to the barn (and thus the AM-system) and sward height were studied (Ketelaar-de 
Lauwere et al., 2000b). A distance up to 360m did not have an effect on the number of visits to the AM-system. 
Moreover, with lower sward heights and thus less grass, the number of visits to the AM-system increased. The 
major drawback of both studies is the small number of cows (24) that were used. The use of a low number of 
cows lead to a large over capacity of the AM-system. This means that it is difficult to translate the results to 
practice where much more cows are milked with an AM-system. 
 
In the Netherlands, a substantial proportion (approximately 10-20 %) of the farms with an AM-system is applying 
grazing, showing that grazing in combination with AM is possible (van ‘t Land et al., 2000). Of these farms 25 
were visited to collect field data on automatic milking and grazing (Ruis-Heutinck et al., 2001). Results from 
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these farms showed that there were no within-farm differences between number of fetched cows (cows that did 
not go to the AM-system voluntarily) when zero-grazing was compared to grazing. During the winter, the average 
milking frequency per cow per day was 2.9 and during summer, when grazing was applied, this frequency was 
2.7 milkings per cow per day. It was also found that the visits to the AM-system decreased when cows were 
given a fresh pasture lot. Also an effect of distance between pasture and AM-system was also found. Results of 
this study also indicated that, although there are some negative effects of grazing on the capacity of the AM-
system, grazing is possible. This is confirmed by another Dutch field study (Van ‘t Land et al., 2000), in which it 
was concluded that methods for grazing depend largely on the preference of the farmer and his personal 
circumstances, making it difficult to describe an optimal situation. 
 
 
CONCLUSIONS 
 
The number of farms milking with an AM-system has increased rapidly through the past few years. In regions 
with expensive labour or a shortage of labour, the AM-system is a serious alternative for a traditional milking 
parlour. The introduction of automatic milking has a large impact on the farm and affects all aspects of dairy 
farming. Important aspects which require attention are milk quality, management, barn layout and grazing.  A 
successful use of automatic milking depends largely on the farm conditions and the management skills of the 
farmer.    
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Table 1. Milk quality on first generation farms with an AM-system (AM1), the second generation 
farms with an AM-system before (AM2 BI) and after (AM2 AI) introduction of the AM-system, farms 
milking 2X en farms milking 3X. 
 TPC 

1,000 cfu/ml 
BMSCC 
1,000 cells/ml 

FP 
°C 

FFA 
Meq/100g fat 

AM1 17 204 -0.517 0.65 
AM2 BI 8 181 -0.521 0.42 
AM2 AI 12 192 -0.516 0.61 
2x farms 8 181 -0.520 0.44 
3x farms 8 175 -0.521 0.54 
 
 
Table 2. Percentage (%) of samples of bulk tank milk exceeding the Dutch penalty limits on first generation 
farms with an AM-system (AM1), second generation farms with an AM-system before (AM2 BI) and after (AM2 
AI) introduction of the AM-system, farms milking 2x and farms milking 3x with traditional milking systems. 
 TPC 

>100.000 cfu/ml 
BMSCC 
>400.000 cells/ml 

FP 
>-0,505 oC 

FFA 
>1 meq/ml 

AM1 AI 5,0 6,5 2,4 8,1 
AM2 BI 1,2 2,0 0,6 0,6 
AM2 AI 2,8 4,9 1,8 4,2 
2x farms  1,2 4,4 0,4 1,3 
3x farms 1,2 3,7 0,9 4,9 
 
 
 

 
 
Figure 1. Number of world-wide AM-systems on commercial dairy farms througout the years  
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Figure 2. Number of commercial dairy farms per country with an AM-system at January 2001 
 
 
 
 
 
 
 

Figure 3. Frequency distribution of the number of milk payment reductions per farm for the second generation 
farms before and 6 months after introduction of an AM-system. 
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Figure 4. Schematic representation of a bulk milk tank with direct cooling 
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Figure 5. Schematic representation of a storage tank with icebank cooling 
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Figure 6. Schematic representation of a storage tank combined with a buffer tank 



 
The French version of this text was included in the proceedings of the 25e Symposium sur les bovins laitiers held on October 
17, 2001 in St-Hyacinthe, Québec. For more information, call the Centre de référence en agriculture et agroalimentaire du 
Québec (CRAAQ) at (418) 523-5411.   
  Page 21 

 
 
Figure 7. Schematic representation of instant cooling. 
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Figure 8. Frequency distribution, based on 92,619 milkings of one farm during 2 years, of the intervals between 
milkings. 
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Figure 9. Frequency distribution of the milking frequency, averaged per cow. 
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Figure 10. Cow traffic systems in barns with automatic milking (source: Lind et al., 2000) 
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feeding area  
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A. Selfservice milking in  free stall 
barn 

B. Free cow traffic in free stall barn 
with separated feeding and lying area 

C. One way cow traffic in free stall 
barn with separated feeding and lying 

D. Combination of free and one way cow traffic 
in  a free stall barn with separated feeding and 

E. Pre-selection in one way cow traffic system in  
a  free stall barn with separated feeding and 

F. Post-selection in one way cow traffic system in  a  
free stall barn with two separated feeding areas and 
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Figure 11. Possible layout of a barn with an AM-system making one-way and free cow traffic possible. 
 
 


