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Summary of key items for consideration:
• For multi-residential buildings, the BS EN 806:3  

loading unit system should be used.

• For typical commercial (non-residential) buildings the 
loading unit system within BS 8558 (formerly the BS 
6700 method) or CIPHE Design Guide should be used.

• When heat interface units (HIUs) are to be used in a 
multi-residential building, refer to CIBSE AM12 to 
assess the domestic hot water load relevant to the 
central plant for the district heating system.

• For a typical single dwelling, where appliances with a 
high level of water efficiency are to be installed, the 
peak simultaneous design flow may be established by 
rational assessment. 

• For domestic services serving public washrooms 
subjected to queuing at peak times, it may be 
sensible to revert to base probability data to assess 
the design.

Background
In terms of domestic water pipe sizing, the industry 
is in a period of transition. Reliability questions are 
being raised about the traditional demand assessment 
system based on the LU (loading unit) method that was 
introduced to the UK in 1965. This was prior to the 
advent of water efficiency considerations, when washing 
habits were very different, and when mixer taps and 
automatic white goods where uncommon in dwellings. 
Based on empirical data from live buildings, and also 
considering alternative design methods used in similar 
European countries, the growing consensus is that the 
UK LU system will significantly over–estimate the peak 
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simultaneous design flow in multi-residential buildings. 
This TB provides interim best practice guidance for 
assessing domestic water demand for pipe sizing in 
various applications, that can be used until such time as 
further research is completed (e.g. LUNA1) and/or new 
design standards have been published. 

What is the origin of UK loading units?

In the 1960s Harry Howick, past-president  of the 
IoP (Institute of Plumbing) developed a loading unit 
system based on Hunter’s2  fixture unit idea in the 
USA. This assigned all outlets a relative discharge value 
when compared to the ‘base appliance’, and enabled 
a simplified approach using the theory of probability. 
This concept is outlined in Table 14, page 13 of the 
current CIPHE Design Guide3, where it can be seen that 
a wash basin with a frequency of 1200 seconds has 
been selected as the ‘base appliance’ having 1 demand 
unit, and all other outlets are assigned a relative 
higher value. This allows the use of a single probability 
graph to convert the connected load from a range of 
different appliances into simultaneous design flow. The 
IoP presented this method to the BS CP 310 drafting 
committee, and it was subsequently included in the 
1965 version of this Standard. As the idea had originated 
within the IoP, they also published identical design 
guidance.

The loading unit system that was transferred to BS 6700 
and later to BS 85584 is essentially the same as the 
1965 version, except for metrication. By comparison the 
IoP modified some of the loading units and introduced 
low, medium and high values to account for different 
frequencies of use, and hence occupancy types.    

Inherent loading unit problems

A LU value is constructed from three components; flow 
rate, duration of use, and frequency of use, however in 
some applications, the latter is a very arbitrary value, 
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particularly in residential systems where the frequency 
of use is unpredictable. Another problem relates to 
assessing the combined hot and cold water demand, 
which applies to booster pump sizing.

The LU system was conceived at the time when the hot 
water supply originated from a gravity storage cistern. 
Consequently there was no need to consider how LUs 
would be used to assess the combined hot and cold water 
demand; as each supply was effectively independent.

The hot and cold outlets were each separately able to 
fulfil the functional user demand at the appliance. In 
1986 when unvented domestic hot water heating was 
introduced in the UK, direct boosting to terminal fittings 
became common practice. The subsequent design 
guidance advised that hot and cold water LU values were 
to be added together in order to assess the combined 
demand. However, if the system is provided with mixer 
taps (as is now common practice), then this method is 
effectively doubling the allowance, particularly when 
automatic terminal flow regulation is used, leading to 
oversized booster pumps and piping that forms the 
‘spine’ of the system.

Over-sizing problems
Traditionally, designers have not been particularly 
concerned about over-sizing, on the basis that this 
creates a safety factor, but more recently there has been 
greater attention to water hygiene, energy conservation, 
sustainable design, and minimising unwanted heat gain. 
This has raised concern that over-sizing may have an 
adverse effect on water quality. It is worthwhile to note 
that the relevant German Standard5 places ‘avoidance of 
over-sizing’ at the top of the list of aspects to minimise 
the risk of microbiological contamination.  

Design Standards
BS EN 8066 is a harmonised Standard applicable 
throughout CEN member countries, and Part 3 covers 
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the assessment of simultaneous demand for pipe sizing. 
This Standard provides a low level of harmonisation as 
the designer is free to use the EN loading unit method or 
other nationally approved methods. BS 6700 is listed as 
an alternative for the UK, as this Standard was still live at 
the time of publication, since then it was necessary for 
the UK to replace this with BS 8558 to avoid any conflict, 
however the original UK LU system was transferred 
across. Other European countries are also free to use 
their own design methods, and in many cases do exercise 
this option.

Design methods for multiple residential 
buildings     

To avoid the risk of over-sizing, the LU method in BS 
EN 806 should be used for systems supplying multiple 
dwellings. This produces a significant reduction in the 
design flow compared to the traditional LU method, and 
is comparable with results produced by methods used 
in several other European countries, such as Germany. 
This reduced design flow pattern is also closer to data 
collected from a sample number of operational buildings. 
Therefore it is recommended for the time being that 
hot and cold LU values should be added together when 
assessing the combined flow of the system, e.g. for 
booster pump sizing. When using graph Figure B.1 from 
Part 3 it should be noted that for LU values totalling 
more than 300 there is a single conversion curve, and for 
lower values the appropriate conversion curve is related 
to the largest connected LU value, e.g. where baths are 
connected use graph line 4. This graph does not extend 
beyond 5,000 LUs, which equates to about 250 basic 
apartments. Where very large residential projects exceed 
this size and until such time as additional guidance is 
available, the designer will need to make a professional 
judgement to establish the design flow rate.

When assessing the diversity for the domestic hot water 
load on central boilers in a district heating system 
feeding HIUs (heat interface units), it is recommended 
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to use the DS 439 method, as explained in CIBSE AM127 
manual. 

Design methods within single dwellings
Using the LU method to determine design flows within 
the confines of a single typical dwelling  may produce 
excessive results, particularly where appliances with 
a high level of water efficiency are to be installed. An 
alternative method to assess the design flow in these 
situations may be achieved by rational assessment, using 
professional judgement.

Table 1 indicates an example of a rational assessment, 
the designer may use this alternative approach when 
assessing the demand from a typical single dwelling. 
The fill rate for baths is based on a 150L low volume tub 
having a maximum 70L user water fill to be completed 
within 4.5 minutes (hence 70 ÷ 270 = 0.26L/s). The 
cold water flow rate for baths and showers is based on 
achieving an appropriate user defined or TMV blended 
mix ratio. The demand from dishwashers and washing 
machines has been ignored on the basis that these 
tend not to be in use during peak bathing times (in 
conjunction with the kitchen sink). It has also been 
assumed that where more than one bath is provided, the 
probability of two baths being in simultaneous use during 
a peak draw-off event is unlikely, although the possibility 
of showers over baths being in use has been considered. 
The flow rate for a WC is based the typical performance 
of modern float-operated valves. Where different terminal 
flow rates apply, these can be substituted in Table 1 to 
modify the design flows. This table assumes that hot 
water is provided from a storage vessel, but where an 
instantaneous form of hot water generation is provided 
(e.g. HIU or combi-boiler), the designer may need to 
take a pragmatic view on the hot water design flow 
expectations.

For example if the client is content to accept the 
domestic hot water flow limitations of a standard 
combi-boiler, then it would be illogical for the hot water 
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design flow to exceed the maximum capacity of the heat 
exchanger. 

When considering the design flow for piping serving a 
group of single dwellings, the designer should revert 
back to the loading unit method. 

Design methods for commercial 
buildings
The BS EN 806 LU method is not considered to be 
appropriate for commercial buildings. Therefore the 
designer has two LU options; use BS 8558 or the CIPHE 
Design Guide (CIBSE Guide G8 also includes some CIPHE 
design information). Although there is no validated 
evidence from the UK to show that significant over-
estimation of the design flow occurs in commercial 
buildings, basic comparison with the German Standard9 
suggests that over-design may be occurring in some 
occupancy types. Therefore it is recommended that care 
should be taken to minimise the risk of over-design, 
particularly at the source of the supply. This may involve 
the exclusion of any usage that is unlikely to be in 
demand during the period of peak simultaneous use, 
which includes outlets such as:

Occupancy layout Appliances in simultaneous use (L/s) Total design 
flow rate

Kitchen
Main bathroom Cloak-

room
En-
suite 

bathrm

KS WC WB Shower 
Hot/Cold

Bath       
Hot/Cold

Shower Bath 0.10 0.12 0.09 0.14 0.06 0.26 0.11 L/s Demand

1 1 0 0 0
1
1
1

1
0
1

0
0
0

0
1
1

1
0
0

0
0
0

0
0
0

0.28
0.24
0.36

Cold
Hot 

H & C

1 0 1 0 0
1
1
1

1
0
1

0
0
0

0
0
0

0
0
0

0
1
1

1
0
0

0.33
0.36
0.48

Cold
Hot

H & C

1 0 1 1 0
1
1
1

1
0
1

1
1
1

0
0
0

0
0
0

0
1
1

1
0
0

0.42
0.45
0.57

Cold
Hot 

H & C

1 0 1 1 1
1
1
1

1
0
1

1
1
0

0
1
1

1
0
0

0
1
1

1
0
0

0.48
0.59
0.62

Cold
Hot 

H & C

1 0 1 1 2
1
1
1

1
0
1

2
2
2

0
1
1

1
0
0

0
1
1

1
0
0

0.57
0.68
0.80

Cold
Hot 

H & C

Table 1:  An example of rational assessment of the demand   
              for a single typical dwelling covering five variants
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• Cleaners’ sinks;

• Hose taps for general wash-down, or supplies for 
window-cleaning;

• Supplies to irrigation systems;

• Toilets associated with function rooms in hotels (as 
it would be unlikely for these facilities to be in use at 
the same time as the peak demand created by guest 
bedrooms).

Where outlets are fed with mixed water (particularly 
where the flow rate is automatically regulated at the 
terminal), there is no need to combine hot and cold LU 
values when assessing the combined demand, e.g.  PIR 
taps fed with blended water, basic showers, etc. BS 8558 
also alludes to this point.

Design methods for congested 
applications
When sizing pipes conveying water to supply sanitary 
appliances likely to be subjected to user queuing at 
peak times, e.g. in theatres, it is possible to assess the 
peak simultaneous design flow by reverting to base 
probability data. Table 2 shows a typical selection of 
probability values. This table has been constructed using 
the Binomial Probability Theory10 (the probability graph 
on page 13 of the CIPHE Design Guide uses the same 
theory), based on the normal 99% satisfaction criterion.

For practical purposes it is sensible to focus on the 
relevant combination of  ‘t’ (duration of flow) and ‘T’ 
(frequency, or time between successive flow).  The ‘P’ 
(probability) value is the result of t ÷ T (both in seconds) 
and is shown in the table for reference. Many ‘t’ and ‘T’ 
values that were given in demand data tables in the past, 
are questionable when we consider modern appliances 
and their functional use. For example, WC cisterns 
typically fill much quicker than they did in the 1960s; 
often within 50s or less, and hand washing in a public 
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washroom typically occurs under running water in 15s or 
less. These ‘t’ values have been used in Table 2. 

The application of Table 2 is best explained by an 
example problem: 

What is the design flow for a water supply to 
feed five wash-hand basins (WBs), each with a 
single blended water outlet and 8 WCs in a female 
washroom located in a large theatre? 

The terminal design flow rates are 0.10L/s for each 
WB, and 0.12L/s at each WC. We need to consider an 
appropriate ‘T’ value; 5 minutes has traditionally been 
assumed for ‘congested’ use, but this is not a logical 
assumption in an extreme situation where user queuing 
will occur. In BS 646511, it is noted that females take 
an average 90s to use a WC cubicle, and males take an 
average 210s (where urinals are also available). Therefore 
at peak times, a female WC would be used every 1.5 
minutes, and on the basis of the wash basin provision 
being  1 + (1 per 2 WCs), we could assume that each 
female wash basin will be used approximately every 60s.      

Number of sanitary appliances in simultaneous use for design, 
based on the Binomial probablility theory

Probablility ratio 
data Number of similar appliances connected being considered

Outlet t T 
(min) P 3 4 5 6 7 8 9 10 11 12

W
B 

ha
nd

 
w

as
hi

ng

15s

4.0 0.062 1 1 2 2 2 2 3 3 3 3
3.0 0.083 1 2 2 2 3 3 3 3 4 4
2.0 0.123 2 2 3 3 3 4 4 4 5 5
1.0 0.250 2 3 3 4 5 5 6 6 7 7

W
C 

ci
st

er
n

50s

4.0 0.208 2 3 3 4 4 5 5 6 6 6
3.5 0.238 2 3 3 4 5 5 5 6 6 7
3.0 0.278 2 3 4 4 5 5 6 6 7 7
2.0 0.417 2 3 4 5 6 6 7 8 9 9
1.5 0.555 2 3 4 5 6 7 8 9 10 10

Note: Probability (P) values have been rounded up or down where appropriate

Table 2: Some typical probability data
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Therefore using the appropriate data from the table 
produces:

 WB demand: 3 x 0.10 L/s  = 0.30 L/s

 WC demand: 7 × 0.12 L/s  = 0.84 L/s 

 Total cold water demand   = 1.14 L/s

This design flow rate is considerably higher than would 
be obtained using the LU method within BS 8558, 
(although this is an extreme example and is not relevant 
to office buildings). Working backwards along the supply 
piping it may be necessary to convert this design flow 
back to a relative LU value to enable the whole system to 
be assessed.

This document is based on the best knowledge available at the time of 
publication. However no responsibility of any kind for any injury, death, 
loss, damage or delay however caused resulting from the use of these 
recommendations can be accepted by the Chartered Institution of Building 
Services Engineers, the authors or others involved in its publication. In 
adopting these recommendations for use each adopter by doing so agrees 
to accept full responsibility for any personal injury, death, loss, damage or 
delay arising out of or in connection with their use by or on behalf of such 
adopter irrespective of the cause or reason therefore and agrees to defend, 
indemnify and hold harmless the Chartered Institution of Building Services 
Engineers, the authors and others involved in their publication from any and 
all liability arising out of or in connection with such use as aforesaid and 
irrespective of any negligence on the part of those indemnified.
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