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Design of new calf accommodation
When building new, purpose-built calf accommodation, there are many factors to consider, not least the value of the
investment and the operating and maintenance costs. Design based on cost rather than return on investment is not
good practice. In addition, we must consider labour availability and design labour efficient systems. That is all before
we consider the technicalities of calf house design.
There is a lack of evidence-based calf house design specifications, yet the role of calf housing in contributing to
potential disease outbreaks is commonly accepted. This document is not exhaustive but seeks to outline some of the
most important considerations when constructing new, purpose-built calf accommodation. It is an important point to
note that calf shed design is entirely different for dairy calves compared to suckler calves. A shed that is designed for
suckler cows and their calves will be an entirely different design and based on careful ventilation calculations specific
to the maximum weight of animals in the shed (see AHDB 2018, pg 16 as these calculations are beyond the scope of
this document.)
A calf house is considered to be suitable for a typical milk-fed calf from birth until 2 weeks post weaning. It is imperative
to note that sound scientific evidence is lacking in some areas of shed design and thus advice is developed from a best
practice approach according to experience and expert opinion.

Consider the site of the calf house - location
Calves should not share airspace with older animals, due to the risk of disease-causing organisms spreading from
the older cattle to the calves. This means that a stand-alone calf house is preferable to a lean-to or extension of an
existing shed.
The location and positioning of the shed in relation to existing farm buildings and natural structures is important, both
in terms of disease spread and ventilation. The calf house should ideally be positioned upwind of accommodation
used for older animals – that is a calf house should be a standalone building positioned before other farm buildings
in the direction from which the prevailing wind is coming. If the airflow around a potential shed site is obstructed by
other buildings, dense tree cover or hills, the shed may not be ventilated by the wind for significant periods. This can
be managed by appropriate ventilation system design.
Buildings to accommodate young calves should ideally be positioned at 90° to the prevailing wind, to allow for crossventilation. For calf housing this typically means that the back of the building is perpendicular to the prevailing wind.
However, on more protected locations there may be benefits from having the front side of the building facing south
to maximise solar gain into the pen areas.
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Consider the building design
Although calf numbers will fluctuate throughout the calving season, the size of a new shed will depend on the
maximum number of calves it may need to hold at any one time, plus space for effective cleaning. This latter point is
a major weakness in many existing designs. Calf numbers will depend on herd size, calving pattern and how long you
intend calves to spend in the shed. If calves are to be kept in the shed beyond the age of 10 weeks, the increase in
disease risk when young and older stock share the same airspace must be acknowledged. Design should also consider
the requirements of any potential increase in herd size.
If year-round calving is practiced and the calf shed will always contain some animals, additional pen capacity must be
provided beyond the maximum expected number of calves, to allow for thorough and effective cleaning (Nordlund
and Halbach, 2019). This will ensure that there is always at least one pen empty for at least 48 hours which can be
cleaned and disinfected, ready for new calves to enter.
Pen stocking density is the single most important factor influencing air quality in a calf shed (Nordlund and Halbach,
2019). The legal minimum pen space requirement for calves less than 150kg is 1.5m2 per calf (DAFM, 2016). This is
a minimum legal requirement and not a target, and a minimum of 2m2 per calf is recommended, with the majority
of this space available for lying area. Note that pen area per calf needs to be aligned with the quality of pen area
additionally defined by important factors such as effective drainage and ventilation. Large pen areas per calf (>4m2/
calf) do not necessarily provide benefits and will significantly increase costs.
Building stocking density: the building space includes the pens, alleyways, feed and water troughs, partitions and
food storage and preparation areas. It is useful to start by designing the required pen areas and dimensions in
terms of group size and feeding requirements and defining the number of pens in the buildings as discussed above.
Thereafter add space requirements for storage of feed and bedding, and feed preparation and cleaning areas, and
passage widths that are adequate for the machinery used to clean individual pens. Total airspace is less important
than ensuring effective ventilation design.
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When building accommodation for large numbers of calves, it is important to remember that the more calves sharing
an airspace, the greater the risk of disease transmission. Additionally, the wider a shed is, the more difficult it is to
ventilate it adequately. Two smaller sheds may be more beneficial to calf health than one large one. The increase
in investment cost of building two sheds needs to be balanced against reducing the risk of potential financial and
welfare losses that may occur from housing a lot of youngstock in one airspace.
There should be a food storage and preparation area, separate from the calf pens. This should have vermin-proof
feed storage, a warm water supply for making up milk replacer and cleaning feeding utensils, and a lockable cabinet
to hold veterinary medicines and disinfectants.
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Pens
Pen sizes will be dictated by the required group sizes and the floorspace allowance. Group size is often dictated by
the feeding system to be used. Groups of not more than 12 calves (Teagasc, 2017) are recommended to allow rapid
identification and treatment of sick animals and reduce likelihood of disease spread. However, automatic feeding
systems generally require larger group sizes to make use of the feeder. Multiple small pens with fixed divisions will
be harder to convert to an automatic system if this is a possibility in the future. Moveable partitions may offer more
flexibility. If operating an automatic feeding system, increasing the space allocated per calf (>2m2) will help minimise
the risk of disease.
Partitions between pens should be at least 1.2m high (DAFM, 2016), and as discussed, may be fixed or moveable.
They can be constructed of tubular steel gates with, for example, stockboard cladding or plastic panels as used by the
pig industry. Wooden partitions are not recommended as they are more difficult to clean and disinfect. The divisions
between group pens should be solid to reduce the likelihood of disease transmission between groups.

Drainage
The floor of a group calf pen should slope towards a drainage channel at the front of the pen, at a minimum gradient
of 1 in 20. The slope of the floor of a group calf pen is very important as without adequate drainage it will be difficult
to keep the bed dry. This has implications for energy losses/maintaining temperature for a young calf if lying on a
wet bed, for maintaining air quality, and for straw costs. Drainage channels themselves should have a gradient of 1
in 60. A wide, flushable drain is preferable. Narrow drains become blocked easily. Drains should flow to a collection
tank outside the calf house and should be vented. Particular attention must be paid to ensuring good drainage around
water drinkers and automatic feeders. Automatic feeders may be placed on a raised concrete plinth with a channel
drain around the perimeter to collect waste and water from the cleaning cycle. The area around automatic feeders
should be designed for easy and regular cleaning.
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Ventilation
Air is moved by differences in air pressure, from high pressure to low pressure. In and around a livestock building the
air is primarily moved by the wind, by pressure differences between the inside and outside of the building known as
the wind effect. For a building to ventilate well, it must efficiently exchange stale air within the building for fresh air
from outside. The ventilation rate is defined as the number of times the entire air volume of the shed is replaced in
an hour.
The principal design feature of all naturally ventilated buildings is the provision of openings for air movement in
the sidewalls and if needed, the gable ends. The target is for the wind-driven air movement to push air through
the structure, whichever direction the wind comes from, without creating a draught at animal height or allowing
rainwater ingress.
Cross ventilation is air exchange caused by wind blowing directly across the shed. This method of ventilation will only
work under specific conditions and cannot be relied upon alone to adequately ventilate calf accommodation.
•

The shed must preferably be positioned with its long axis 90° to the prevailing wind.

•

Air movement must not be obstructed around the shed by other buildings or natural structures such as dense
tree cover or hills.

•

The shed must be narrow enough for the wind to blow across it to the other side – a maximum of 12m
across (Nordlund and Halbach, 2019). Therefore, very wide sheds will not ventilate with cross ventilation as
effectively and may require mechanical assistance.

•

Cross ventilation will not work on a still day, when there is no air movement.

•

The outlet of a shed should be calculated for what the maximal stocking rate will be and depending on the
animal type. The minimum outlet required for calves up to 100KG bodyweight is 0.04m2.The most useful
design of outlet is a protected open ridge.

•

Inlets should be two to four times the required outlet and divided along the long walls of the shed.
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Although buildings are often designed to promote stack effect, it is crucial to remember that smaller calves such as
dairy breed calves, do not produce enough body heat for the stack effect system to work effectively (Nordlund
and Halbach, 2019). Calf sheds with smaller calves (<200kg) will usually not ventilate by the stack effect and reliance
on this significantly contributes to inadequate ventilation in youngstock houses.

Ventilation is impacted by the pitch of the roof. This should be between 15° and 22° (ideally 22°). A higher roof pitch/
slope will allow improved ventilation and reduced solar gain (AHDB, 2018). Fibre cement is a good roofing material
to consider.
Due to the limitations of natural ventilation in calf housing the air quality may vary considerably within a shed, from
front to rear of a pen, and from end to end of a building. Air quality in the passageway is not a good indicator of air
quality at calf level. It is now recognised that many or most calf sheds require positive pressure tube ventilation
(PPTV) to ventilate adequately year-round (Nordlund and Halbach, 2019). These are tubes that run along the long
axis of the shed and are attached to a fan, which actively blows fresh air along the tube, evenly distributing it through
the shed. These must be designed and located according to individual shed requirements. Gooch et al. (2005) has
developed a flow chart for evaluation of shed ventilation needs. Standard products are suitable for a specific height,
area and pen layout only, and the benefit of the marginal cost of a bespoke design from a trained person is of high
value. A general recommendation is that there should be one fan and tube system for each 12m of building width
(Nordlund and Halbach, 2019), providing a 24/7 supply of fresh air to up to 100 calves.
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Sidewalls
The sidewalls of sheds should be solid up to a height that prevents draughts at animal level usually up to a maximum
of 1.5m (DAFM, 2016). An additional factor may be required to account for straw build up on the floor. Above this the
air inlet should be calculated according to the outlet of the shed and then the sidewall cladding decided. Yorkshire
boarding (not space boarding) is recommended for the side walls above these side walls, but other cladding can work
well too. The most important part is that inlet ventilation required is calculated from the outlet area, at least doubled,
and divided evenly between the inlet on the long axis of the shed on both sides. Yorkshire boarding can be used to
provide an inlet for fresh air, while also protecting against wind and rain. It comprises two rows of boards with gaps
between them. The two rows are separated by 25-50mm battens and offset, with the inner boards placed level with
the middle of the gaps between outer boards.

The sidewall cladding should reduce wind speed at animal height and also provide adequate openings to allow fresh
air into the building. The void in certain cladding materials can be used to provide the required inlet. Commonly used
Yorkshire boarding arrangements include the use of 152mm boards with 25mm gaps between them, with the two
rows separated by >25mm battens and offset, with the inner boards placed level with the middle of the gaps between
outer boards. If these specifications are followed, then the air inlet provided is 14% of the total area covered by the
Yorkshire boarding (AHDB, 2013).
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Temperature
The thermoneutral zone (TNZ) is the temperature range within which an animal does not have to use energy to
maintain body temperature. The TNZ for a newborn calf varies with genotype, ease of birth, colostrum quality and
subsequent nutrition, and for a healthy calf in dry conditions with no draughts will be in the region of 10-26°C.
This falls towards 0°C for a healthy calf at one month of age. Outside of these ranges, calves will expend energy on
maintaining body temperature in preference to growth and immune function. It is vital to avoid draughts, as calves
exposed to these will have increased rate of body heat loss. However, ventilation should not be compromised, for
example by blocking air inlets or stopping positive pressure ventilation fans, in order to increase the temperature
in the shed. Rather, control factors within the calf pens; bedding and feed allowance should be increased, and calf
jackets can also be utilised to help calves maintain body temperature.

Draughts
A draught is defined as a wind speed greater 0.5m/s at calf level. Calves exposed to draughts will lose excessive body
heat and will expend extra energy to maintain body temperature. Air inlets should be positioned above calf level
to avoid draughts and an effort should be made to prevent design details which may create air turbulence within a
building, such as gaps under solid pen divisions or doors. Deep straw bedding will also protect calves from draughts.
Wind breaks, for example solid barriers between pens, straw bales beside or within pens, or rubber matting attached
to the bottom of gates, can also be used to avoid draughts. However, you must be aware that these will also impede
air movement in the house, creating microenvironments at calf level which are not ventilated as well as the rest of
the shed (Lago et al., 2006). The most dependable way to provide fresh air without draughts inside each pen is with
positive pressure tube ventilation (PPTV).
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Cleaning
High eaves heights do not benefit calf health or costs and increase building volume. The design height for eaves
should be no more than to allow the farm machinery used to clean out the pens or buildings. Cleaning requires good
access, a floor slope to drains, and the ability to wash a surface without causing a negative impact on pens with calves
within the same building. Walls and floors must have relatively smooth surfaces that are easy to clean and disinfect.
As many as possible of the fixtures and fittings in the house should be removable to aid cleaning. Dedicated and
maintained disinfection points should be available at entry and exit of a calf house. Exposed concrete floors within a
pen should have a brushed finish to provide a non-slip surface.
Many calf systems will continue to use single or double pens for at least part of the calf rearing period. It is considered
an essential design requirement for individual pens to be effectively cleaned between calves, even if adjacent pens
contain calves. Local drainage detail within an area used for individual pens should reflect hygiene requirements.
Wheeled single and double pens are available that make it easy to remove pens to a dedicated cleaning area in or
outside of the building.

Lighting
Lighting can be provided through a mixture of artificial and natural lighting. A minimum of 10% of the roof area
must be translucent to provide some element of natural light for both calves and stockperson alike (DAFM, 2016). A
minimum of 50 lux (or 5 watts/m2) be provided for at least eight continuous hours per day (DAFM, 2016). There must
be the potential to provide the entire 50 lux through artificial light, to account for short days in winter. The number
of lights needed to provide enough illumination will depend on the lumens emitted by the bulbs you choose. LED
lighting is now well proven to be useful in livestock systems, with the additional investment cost easily repaid with
reduced energy use and easy automatic control.
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Drinkers and Troughs
Drinkers and feed troughs should be positioned at the front of the
pen. This limits the need to enter the pen, reducing potential for
disease transmission between groups of calves. Locating drinkers at
the front of pens is for ease of observation and to ensure they are
not soiled by faeces plus for the ease of cleaning and preventing the
bedding becoming wet if they leak as fall is to the front.
Calves require a clean, fresh water supply from the first day of life.
Drinkers must be easily cleaned, and the surrounding area must be
well drained. Single space drinkers are increasingly popular in group
pens but require a dependable flow rate of 2 litre/minute at each
pen, which may not be available. Drinkers should be 70 cm off floor
level. Calves are sociable animals and older calves will by default
encourage younger calves to drink.
Access to water should not be limited as water intake drives feed
intake.
There should be 35cm of space per calf available at meal troughs
(Teagasc, 2017). The bottom of the trough should be 10cm above the
floor, while the total height should be 33cm (Nordlund and Halbach,
2019). Troughs should be 10cm deep and 250cm wide (Teagasc,
2017).
Where automatic feeders are in use in calf houses these machines
require a minimum of 2 to 3 bar water pressure to function correctly.
It may be necessary to have in the event of frost an independent
holding tank for water and the ability to pump under constant
pressure into the machine. There can be a tendency for local water
pressure to drop when various other activities are taking place on the
farm, namely cleaning up and washing after milking.

Isolation pens
Ideally, sick calves would be housed in a completely separate
building, but this is not always possible. An isolation pen may need
to be part of the design of a new calf building. It must be situated as
far away as possible from healthy calves. It should not be necessary
to walk past the sick pen on the way to care for healthy calves, and
ideally the isolation pen would have a separate entrance to the main
calf shed. Waste must drain directly out of the pen and not past the
other calf pens. All these steps will help to prevent disease spreading
to healthy calves. There must be adequate light and a water supply
which is accessible for daily monitoring and replacement. Adequate
and reliable delivery of fresh air is essential.
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The isolation pen area should be limited to provide for only one or two animals; if more space is required provide
multiple isolation pens. Locate an IP66 power socket (which is a standard socket that protects against shock from
high pressure water cleaning jets) nearby so that additional localised energy can be provided with a quartz linear
heater. A quartz heater is a common type of infrared heater and the creation and subsequent release of heat from
the heater is made by the heating element, enclosed in a quartz tube. The heating element produces heat at the
necessary wavelength to create the appropriate level of intensity to heat any surface within range, but does not heat
the air. Single calves in isolation pens should be within visual contact with other calves.

Individual housing
Individual housing offers the opportunity to closely monitor calves for health and feed intake. However, there is clear
evidence that calves that are housed with other calves will begin to eat greater volumes of concentrate feed prior to
and during weaning (Miller-Cushon and DeVries, 2016), and as a consequence may have better overall growth rates
and a reduced growth check at weaning.
It is a legal requirement that calves must not be housed individually past the age of eight weeks unless instructed by
a veterinary practitioner (EU, 2008). The width of individual pens must be at least equal to the height of the calf at
the withers, with the calf standing. The length must be at least equal to the length of the calf from nose to pin bone,
multiplied by 1.1. Individual pens must have some part of the walls perforated, (except in the case of isolation pens),
which allow calves to have visual and tactile contact with each other (EU, 2008).
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Alternative housing
Outdoor hutches can provide a good alternative to indoor rearing systems if appropriately managed. Outdoor rearing
systems have been shown to be associated with reduced antibiotic use and mortality, with no difference in growth
rate when compared to indoor systems (Becker et al., 2020). However, labour requirement per calf can be higher than
housed calves and working conditions can be difficult for the calf rearer in bad weather. The use of hutch systems with
no cladding above the outdoor strawed area is common but not considered good practice in high rainfall areas and
provides inefficient use of straw. Calf pop up tunnels are another alternative housing design.
Calves may be managed in individual or group hutches. If individual hutches are used, calves must still have visual and
tactile contact with each other. Hutches must be placed in a well-drained area which is sheltered from the prevailing
wind. High moisture levels at ground level is the most common reason for failure of hutch systems in the UK and
Ireland. Simple roofing of the outdoor run and local drainage detail will significantly improve general performance.

Cow-calf housing
Calves kept together with cows can be housed in slatted sheds or loose straw houses. A slatted shed should allow
2.5 to 3m2 per cow, with an extra 1m2 allowed per calf for spring born calves and 1.75m2 for autumn born. A loose
house should allow 4-5m2 per cow, and an extra 1m2 per calf (Teagasc, 2016). There should be a creep area that can
be accessed by calves but not cows. Provided the ventilation guidelines referenced above (AHDB, 2018) are followed,
the building should ventilate well via the stack effect, as the adult cows will generate enough body heat to warm the
air so that it rises through the roof opening. Newbuild designs should attempt to locate the calf creep area on the
prevailing wind side of the building with suitable wall cladding to reduce internal airspeeds. Ideally flooring should be
solid, with rubber matting or slat covers used over a proportion of slats if the building is fully slatted.
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For more information consult the Animal Welfare Guidelines issued by the Farm Animal Welfare Advisory Council
http://www.fawac.ie/media/fawac/content/publications/animalwelfare/Calf%20Welfare%20Guidelines%20%20FAWAC.pdf
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