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1. [bookmark: _Toc507330509]Introduction

The purpose of this report is to propose an upgrade of the existing student accommodation buildings on UWTSD Lampeter campus (Figure 1) with the intension of improving the water usage within the building and campus grounds.
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[bookmark: _Toc507330510]1.1	Aim and Objectives

The aim of this report is to investigate measures to reduce the usage of potable water at the Lampeter campus student accommodation buildings. 

The objectives of the report are to:
· Investigate the potential yield of a greywater recycling system to recycle water from showers and hand basins to supply all non-potable water requirements on campus;

· Investigate the potential yield of a rainwater harvesting system to store rainwater runoff from the building’s roof to supply all non-potable water requirements on campus; and

· Recommend the most effective system to achieve BREEAM compliance while optimising water reduction and system costs. (Figure 2).
All design work will comply with the current building regulations and British Standards (BS).
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2. [bookmark: _Toc507330511]BREEAM compliance

By ensuring that all fittings and appliances comply with performance level 5 of BREEAM table 36 (Appendix 1) and by implementing the greywater system to achieve >75% of WC flushing demand, the Wat01 standard method calculator determined that 4 credits would be awarded for the proposed system. (Appendix 2)
A water meter will be installed on the main building supply and sub-meters fitted to each block of the building. All meters will have a communication output to allow connection to a utility monitoring and management system. This equipment will allow the monitoring and management of water consumption and would gain 1 credit under BREEAM assessment Wat02 water monitoring.
A leak detection system will be fitted that would detect a major water leak between the utilities water meter and the building and on the mains water supply within the building. The system will be permanent, automated and will alert the occupants and be activated when flow rate exceeds a predetermined maximum level. It will be programmable and be able to distinguish between different flow rates. Flow control devices will be installed to every multi water closet area to minimise leaks and water wastage. This equipment would allow for leak detection and flow control and would gain 2 credits under BREEAM assessment Wat03 water leak detection.
A further 1 BREEAM credit is available under the Wat04 water efficient equipment section and would be achieved if unregulated water demands are identified and reduced and the systems are designed to reduce the total water demand for the building. It is intended that a rainwater harvesting system will be used, in conjuncture with a moisture detection system to control the irrigation of plants within the campus grounds.
It is anticipated that at least 8 of the 9 available BREEAM credits would be achieved.
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3. [bookmark: _Toc507330512]Water recycling methodologies

This report will look at a system capable of supplying the Lampeter campus student accommodation buildings with non-potable water. 
Part G of the 2010 Building Regulations (H M Government, 2015)  cover sanitation, hot water safety and water efficiency and section 1.6 gives guidance on the sources of water that may be used for flushing toilets and ground irrigation (Figure 3). Section 1.6 states that both harvested rainwater and reclaimed greywater are suitable for toilet flushing and irrigation.
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Table 1: Summary of the water using equipment in the accommodation block

[bookmark: _Toc507330513]3.1	Greywater recycling system

In order to design a suitable greywater system (Figure 5), the demand for potable water used by wash basins, showers, sinks, dishwashers and washing machines within the building, must be calculated. This is the volume that can be collected for non-potable reuse. 
Table 1 indicates that a maximum of 58 people will be sharing 31 WCs, 31 showers and 31 wash hand basins as en suite facilities within the accommodation blocks with 2 WCs and hand basins provided for general use. Part G section 2.6 gives guidance on the maximum water consumption that each type of fitting should use (Figure 4).
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Using this guidance, showers with a 10 l/min flow, basin taps with a 6 l/min flow and WCs with a 6/4 dual flush will be installed in the new refurbishment. The basin taps will utilise a spring cut off to minimise accidental wastage.
BS8525-1:2010, greywater systems code of practice (BSI, 2010) will be used for all calculations (Appendix 3). The detailed calculation approach in accordance with section 4.1.2.1 and as described in section 4.1.2.4 was used to calculate the demand and yield of the system.
The maximum greywater yield was calculated using equation 1 from section 4.1.2.4.1 
Max YG = n (SxUs + HwbxUhwb + (WxUwm)/L )
Max YG = 58 (10x5.6 + 6x1.58 + 4.5x2.1) 	=	4,345.94 litres (Appendix 3a)
Utilising fittings in accordance with BREEAM performance level 5 (BREEAM manual table 36 Appendix 1) (Bre Global Ltd, 2014) will minimise potable water usage. Installing showers with an average flow rate of 3.5 l/min = S and hand wash basins with a peak flow rate of 3 l/min = Hwb, and using the same utilisation figures as before, the minimum greywater yield would be:
Min YG = n (SxUs + HwbxUhwb + (WxUwm)/L )
Min YG = 58 (3.5x5.6 + 3x1.58 + 4.5x2.1) 	=	1,959.82 litres (Appendix 3a)

Greywater can contain disinfectant and colouring and may not be suitable for laundry reuse. Also, if the collected greywater has been artificially softened it may not be suitable for watering of certain types of plants as it may contain salts. Therefore washing machine greywater will be collected but not reused for laundry which will be excluded from the demand calculation.
The greywater demand (for WC flushing only) will be calculated using equation 2 from section 4.1.2.4.2 
WC demand (C)	 =	 n (VFWCxUFf + VPWCxUPf ) 
WC demand (C) 	=	58 (6x1.46 + 4x2.96)	=	1,194.8 litres (Appendix 3b)

Using the more efficient fittings will reduce the potable water usage from 4,345.94 litres to 1,959.82 litres, a reduction of 55% with 765 litres of surplus greywater produced. 
Laundry demand (C)	=	n ((WxUwmxPWM)/L)
Laundry demand (C)	=	58 (4.5 x 2.1 x 1)	=	548.1 litres (Appendix 3b)

The 765 litres surplus greywater will be used to supply the fixed factor of water for outdoor use of 5 litres/person/day (as recommended in Building Regulations Part G section 2.6) via an outside tap and for flushing the two public WCs in ground floor blocks E and F. 
A rainwater harvesting system will be designed to service the laundry and an irrigation system for the campus grounds.
If it is assumed that the same utilisation pattern takes place every day that students are in residence the greywater tank will be constantly filled and emptied reducing problems with stagnant water. Section 4.1.3 recommends that the storage of treated greywater be kept to a minimum, typically a single day’s demand.
Kitchen taps have not been taken into consideration as water collected after food preparation presents more problems with treatment of potential bacteria.
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[bookmark: _Toc507330514]3.2	Rainwater harvesting system

The storage tank will be located outside the laundry in block G. The rooftop collection system will focus on accommodation blocks F, G and H and will use the pitched roof as far as the tower in block F. This gives a roof plan area (A) of approximately:
A = 34m x 6.8m = 231m2 
The intermediate approach from the rainwater harvesting systems – Code of practice (BS 8515:2009) (BSI, 2013) was used to size the system. The tank storage capacity should be taken as the smaller value of 5% of the annual rainfall yield or 5% of the annual non potable demand.

The rainwater yield was calculated using equation 1 from section 4.1.2.3 of BS8515:
YR = A x e x AAR x h x 0.05 			(1)

Rainwater yield (YR) was calculated as 615.15 litres/day which requires a tank of storage capacity 11,226.6 litres for an 18 day supply (Appendix 4a)

The non-potable demand was calculated using equation 2 from section 4.1.2.3 of BS8515:
DN = Pd x n x 365 x 0.05 			(2)

Rainwater demand (DN) was calculated as 2,940.3 litres/day and is taken as the requirement for both washing clothes and WC flushing. (Appendix 4b) This calculation assumes a maximum potable consumption of 50 litres per person per day which would be lower if the BREEAM level 5 water components were utilised.
The average rainwater harvest yield figure of 615.15 litres per day is therefore insufficient to meet the greywater toilet flushing demand figure 1,194.8 litres (Appendix 3b) but is sufficient to meet the laundry requirement 548.1 litres (Appendix 3b). If all the roof area of Blocks A to H were utilised the total greywater demand could be supplied from rainwater collection of 2,754 litres per day (Appendix 4a) with a 1011 litre surplus available for irrigation purposes.
Figure 6 illustrates a typical rainwater system setup.
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3.3	Greywater/Rainwater system design considerations 

This section describes basic design considerations for the water recycling systems to be installed. Many features are common to both types of system.
Each block floor level shall have a stop cock and each fitting shall have isolation valves installed to allow isolation and maintenance.
Greywater systems will be installed in compliance with BS8525-1:2010 Greywater systems code of practice.
Rainwater harvesting systems will be installed in compliance with BS8515:2009 Greywater systems code of practice.
Due to the short greywater storage time (usually replenished daily) a basic physical/chemical system is proposed. This system uses chemical disinfectants, such as chlorine or bromine, to prevent bacterial growth during storage.
Storage of treated water should be time limited with the system being drained during periods of non-occupancy. A filter to trap debris from the water before storage should be fitted. Hair traps will be fitted to all showers and hand wash basins. A bypass system to allow water to flow straight to the foul sewer will be incorporated in times of excess greywater yield, blockage or maintenance
The greywater will be collected from the showers, hand wash basins and laundry while rainwater will be collected from the roof surface by a guttering system.
The collected water will then run in separate pipe work systems to underground collection tanks by gravity. The system pipe work will be green, or black and green. Blue should not be used, as blue pipe work is often used for the potable water supply. The distribution pipe work will be manufactured from cross-linked polyethylene (PE-X) conforming to BS 7291-3 (BSI, 2010) and will be enclosed in ducting where buried underground.
Both greywater and rainwater tanks will be located together below ground outside of the laundry to reduce excavation work and minimise the rainwater to laundry pipework required. This will also allow natural drain off of water from basins, showers and rooftops for collection and re-use. This will prevent frost damage in the winter, over warming in the summer, help to limit algal growth and also eliminate possible water damage from a defective gravity fed internal tank system. The tanks will be manufactured from Glass Reinforced Plastic (GRP) with a steel coating with non-corrosive material (conforming to BS EN 10143) (BSI, 2006) and will have an overflow and lids to prevent contamination. Concrete surrounds will be used to protect the tank from damage. The electrical system (including the pumps) will be protected by a residual current device (earth trip) with possible exploration of a solar panel supply system placed on the South facing side of the roof of block F. The pumps will comply with BS EN 60335-2-41 (BSI, 2003) and BS EN 12056-4 (BSI, 2000).
A back up water supply will come from the main supply of potable water and be fed into systems that pump stored water direct to use. To minimise the possibility of damage and to reduce water wastage an automatic supply cut off device that is activated by overflow water will be fitted. To prevent recycled water entering the public main supply a backflow air gap will be provided.
The dedicated pipe work will be installed in accordance with BS EN 12056-2 (BSI, 2000)  and will be free draining to avoid stagnation. 
Filters to prevent debris entering the rainwater collection system will be fitted. In accordance with BS8515 ‘the filter will be: water and weather resistant; be removable and readily accessible for maintenance purposes; be at least 90% efficient; and, be able to block particles >1.25mm in size. The storage tank will be fitted with a calmed inlet to stop any other floating debris from entering the distribution system. A floating extraction point placed 150mm below the surface of the water will be used’. (BSI, 2013) 
A bypass system to allow water to flow straight to an irrigation pond will be incorporated in times of excess rainwater yield, storm surge, system blockage or maintenance.
The systems will be monitored and will raise an audible/visible alarm should low water levels or leaks be detected. The backup water supply will be automatically triggered should recycled water yield levels drop below the minimum required.
All system components will be labelled so that all non-potable elements can be distinguished from mains potable water.



4. [bookmark: _Toc507330516]Conclusion

By installing: water fittings that comply with BREEAM performance level 5; a water recycling system that achieves >75% of WC flushing demand; water monitoring equipment; water leak detection equipment; and, an irrigation system with moisture detection, it is anticipated that the proposed system will achieve 8 of the 9 BREEAM water credits available and a reduction of 55% in potable water usage will be achieved.
A greywater system would be adequate to provide the WC and laundry requirements for all blocks and would provide a one system solution for all non-potable water requirements. The systems collection pipework installation costs would be higher than the rainwater system and additional water treatment would be required for laundry reuse.
A rainwater system that utilises the rooftops from blocks A to H would be adequate to provide WC flushing and laundry capacity for all accommodation blocks plus ground irrigation. This system requires the least water treatment and collection is simply channelled from the rooftop into storage.



5. [bookmark: _Toc507330517]Recommendations

It is recommended that two separate systems are employed, although being more expensive in terms of installation and maintenance, it was felt that the reduced treatment level required for rainwater to be used for laundry and irrigation use and the environmental benefit of minimising potable water usage by utilising the maximum quantity of recycled water possible justified the extra initial expense.
Greywater yield and demand are equally dependant on accommodation occupancy and WC flushing for all accommodation blocks will be fed by a greywater system whose volume is not seasonally affected. Greywater will not be used for laundry use as it requires additional treatment to remove any disinfectant and colouring present. Surplus greywater would be used to supply the two public WCs on the ground floor and outside taps to meet the recommended outside allowance of 5 litres per person/ per day.
A rainwater system utilising the rooftops of blocks F, G and H will be selected to service an 18 day rainwater supply storage to run the laundry with water reused from the outcome of the washing machines to supply the toilets. This rainwater system has the simpler water collection pipe work system than the greywater system but as rainwater yield is seasonably variable, larger storage tanks are likely to be required.
If the larger roof catchment area from the remaining accommodation blocks were utilised the rainwater yield available could also supply campus ground irrigation requirements. The irrigation demand for the campus grounds will determine the area of rooftop utilised for water collection, which in turn dictates the number/volume of the rainwater storage tanks required and thus the routing of the collection pipework.               
Any rainwater overflow or storm surge will be diverted to a series of irrigation ponds to take advantage of the naturally sloping grounds to provide a backup water supply should the tank storage volume prove insufficient in times of drought. 
By using two water recycling systems the optimum level of system cost and potable water usage reduction can be achieved in line with the objectives of this report. 
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[bookmark: _Toc506652960]Appendix 2: BREEAM Wat01 Calculations

[bookmark: _Toc506652961]Appendix 2a: WAT01 Basic Calculation Results– 4 credits awarded.
[image: ][image: ]
[bookmark: _Toc506652962]Appendix 2b: Detailed calculation result sheet – 4 credits awarded.

[image: ][image: ] 


[bookmark: _Toc506652963][bookmark: _Toc506652964]Appendix 3: Greywater Calculations
Appendix 3a: Greywater yield calculation
Calculations performed using the detailed approach from BS8525-1
The greywater yield was calculated using equation 1 from section 4.1.2.4.1of BS8525-1:
YG = n (SxUs + BxUb + HwbxUhwb + Fwb + (WxUwm)/L ) 		(1)
YG	is Greywater yield
n 	is number of persons
S	is the average flow rate from the shower in litres per minute (L/min)
Us	is the typical usage factor for the shower
B	is the bath volume to overflow (unoccupied) in litres (L)
Ub	is the typical usage factor for the bath
Hwb	is the mean peak flow rate from taps in litres per minute (L/min)
Uhwb	is the typical usage factor for the hand wash basins
Fwb	is the fixed flow from basin taps used for vessel filling
W	is the washing machine water consumption per wash cycle in litres (L)
Uwm	is the typical usage factor for the washing machine
L	is the maximum dry wash load recommended by manufacturers in kilograms (kg)

As exact utilisation figures for the shower and hand basin are unknown, estimated figures taken from section 4.1.2.4.1of BS8525-1 for Us of 5.6 and Uhwb of 1.58 will be used.
BREEAM level 5 washing machines (assume 10kg load capacity) should have a maximum 4.5 litre/kg (W/L) and a typical utilisation figure Uwm is 2.1.
n = 58 persons;	B = 0;			Ub = 0;
Maximum greywater yield using S = 10 L/min and Hwb = 6 L/min (Figure 4);
Greywater yield (YG)	=	58 (10x5.6 + 6x1.58 + 4.5x2.1)	=	4,345.94 litres
Minimum greywater yield using S = 3.5 L/min and Hwb = 3 L/min (Appendix 1);
Greywater yield (YG) =	58 (3.5x5.6 + 3x1.58 + 4.5x2.1)	=	1,959.82 litres

[bookmark: _Toc506652965]Appendix 3b: Greywater demand calculation

WC flushing and laundry use, calculated using equation 2 from BS8525-1 section 4.1.2.4.2

C = n ( VWCxUsf + VFWCxUFf + VPWCxUPf + ( WxUwmxPWM)/L ) 			(2)

C	is the greywater demand in litres (L)
n 	is the number of persons
VWC 	is the flush volume for a single-flush WC
Usf 	is the usage factor for a single-flush WC
VFWC	 is the full-flush volume for a dual-flush WC
UFf	 is the full-flush usage factor for a dual-flush WC
VPWC	 is the part-flush volume for a dual-flush WC
UPf	is the part-flush usage factor for a dual-flush WC
W 	is the washing machine water consumption per wash cycle in litres (L)
Uwm	is the usage factor for the washing machine
Pwm 	is the proportion of water consumed by the washing machine to be supplied by non-potable water
L 	is the maximum dry wash load recommended by manufacturers in kilograms (kg)


It is assumed that all WCs will be 6/4 litre dual flush type (taken from table 2.1 of Part G) 

As exact utilisation figures for the WCs are unknown, estimated figures taken from section 4.1.2.4.2 of BS8525-1 for UFf of 1.46 and UPWC of 2.96 will be used.

n = 58 persons;					VFWC = 6 litres;		VPWC = 4 litres
W/L = 4.5 litre/kg (BREAM level 5 standard)		Uwm = 2.1 		PWM = 1 (100%)
C = 	n (VFWCxUFf + VPWCxUPf + ( WxUwmxPWM)/L) 

Total demand (C) =	58 ( 6x1.46 + 4x2.96 + 4.5x2.1x1)		=	1,742.9 litres

WC Greywater demand C 		=	 n (VFWCxUFf + VPWCxUPf ) 
WC Greywater demand (C)	 	=	58 (6x1.46 + 4x2.96)	=	1,194.8 litres

Laundry greywater demand (C)	=	n ((WxUwmxPWM)/L)
Laundry greywater demand (C)	=	58 (4.5 x 2.1 x 1)	=	548.1 litres



[bookmark: _Toc506652966]Appendix 3c: Greywater calculations using the detailed approach from BS8525-1 
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Using the intermediate approach from BS8515:2009.

The roof plan area (A) is approximately:
A = 34m x 6.8m = 231m2 
The sizing of the harvesting system will utilise the intermediate approach from the Rainwater harvesting systems –Code of practice. (BS 8515:2009) The tank storage capacity should be taken as the smaller value of 5% of the annual rainfall yield or 5% of the annual non potable demand.

[bookmark: _Toc506652968]Appendix 4a:  Rainwater yield calculation

The rainwater yield was calculated using equation 1 from section 4.1.2.3 of BS8515.

YR = A x e x AAR x h x 0.05 			(1)

YR 	is 5% of the annual rainwater yield (L)
A	is the collecting area (m2)
e	is the yield coefficient (%) 
AAR	is the location’s annual average rainfall depth (mm)
h	is the hydraulic filter efficiency
Using values:	
A 	= 231 m2 (from scale drawing of roof plan blocks F, G and H)	
e 	= 0.9 for a Pitched roof with tiles (from table 1 of BS8515)
AAR 	= 1,200 mm (from met office data)
h	= 0.9 (typical value taken from BS8515)

YR = 231 x 0.9 x 1,200 x 0.9 x 0.05 = 11,226.6 litres (equivalent to 18 days of supply)
This equates to a yield of 224,532 / 18.25 = 615.15 litres per day

Maximum rainwater yield utilising block A to H rooftops (approx. 150m x 6.8 roof area):
YR = 150 x 6.8 x 0.9 x 1,200 x 0.9 x 0.05 = 49,572 litres (equivalent to 18 days of supply)
This equates to a yield of 224,532 / 18.25 = 2,754 litres per day

[bookmark: _Toc506652969]Appendix 4b: Rainwater demand calculation

The annual non potable demand was calculated using equation 2 from section 4.1.2.3 of BS8515:
DN = Pd x n x 365 x 0.05 			(2)

DN	is 5% of the annual non potable demand (L)
Pd	is the daily requirement per person (L)
n	is the number of persons in occupation

Using values:
Pd 	= 50 litres per person per day (from commentary on 4.1.2.3 note (d) of BS8515)
n	= 58 (maximum residency the accommodation blocks)

DN = 50 x 58 x 365 x 0.05 = 52,925 litres (equivalent to 18 days of demand)
This equates to a demand of 52,925 / 18 = 2,940.3 litres per day. 
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Figure 1: Proposed first floor plan of Lampeter campus accommodation block (UWTSD Moodle, 2018)
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Figure 3: Taken from Building Regulations Part G Section 1.6
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Table 2.1 Maximum fittings

consumption
Water fitting Maximum consumption
wc 6/4 litres dual flush or

4.5 litres single flush

Shower 10 Vmin

Bath 185 litres

Basin taps 61/min

Sink taps 81/min
Dishwasher 1.25 I/place setting
Washing machine 8.17 IAdlogram

Figure 4: Part G section 2.6 maximum water consumption for each type of fitting
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3 Distribution pipework carrying treated greywater

4 Anti-surcharge valve

5 Bypass

6 Type AAairgap

7 Back-up water supply with electronic control

8 Non-potable application, e.g. WC, washing machine
9  Garden tap

10 Foul drain

11 Sewerage system

Figure 5: Typical greywater system and direct treated greywater supply and type A air gap (BSI, 2010)
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1 Gutteridownpipe
2 Fiter

3 storagetank

4 calmed inlet

s overflow pipe

& sensorfloat switch
7 submersible pump with floating extraction

8 Pump control with dry-running protection

9 Type AAaIr gap In accordancewith BS EN 1717 and BS EN 13076
10 solenold valve for back-up water supply

11 Non-potable applications, e.0.WC, washing machine

12 Garden tap

13 Optional outlet trap

Figure 6: Typical rainwater system with direct primary supply and type AA air gap (BSI, 2013).
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The detailed approach

NOTE  The detailed approach assumes that the yield and demand are
constant and excludes usage peaks.

Greywater yield

The following equation should be used to determine the greywater
yield, Yg, in litres (L):

A :H[Z[{SU;}+{BU5}+{(HWWM)+wa}+{[%JU\W H] (1)

where:
n
S

is the number of persons

is the average flow rate from the shower in litres per
minute (L/min)

is the typical usage factor for the shower
is the bath volume to overflow (unoccupied) in litres (L)
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U, s the typical usage factor for the bath
Hyp, is the mean peak flow rate from taps in litres per minute

(Umin)
Upwb Is the typical usage factor for the hand wash basins
Fyp s the fixed flow from basin taps used for vessel filling

W is the washing machine water consumption per wash cycle
(see Commentary) in litres (L)

L is the maximum dry wash load recommended by
manufacturers (see Commentary) in kilograms (kg)

U,

lwm s the typical usage factor for the washing machine

NOTE  Where premises have an active hygiene flushing programme to
minimize poor water quality in the potable cold or hot water system,
this run-off may be collected as an additional resource. If this is a regular

programme it can be considered for inclusion in the yield calculation.
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COMMENTARY ON 4.1.2.4.1

The following are some typical values that can be used in equation 1.
Where more precise values are not known, these values may be used for
estimation purposes.

n: two people in the master bedroom and one additional person in each
of the remaining bedrooms

S: 5 Limin for low flow or electric shower; 12 Limin for normal mixer
shower; 15 Limin for high flow shower

Uj; 5.60 for a shower only; 4.37 where there is also a bath
B:120L to2501L

Uy: 0.5 for a bath only; 0.11 where there is also a shower
Hyp: 5 Limin to 15 Limin

Uppy 1-58

Fu: 1.58 L per person per day

W:30L to60L

L:4 kg to 10kg

U 2.1

European Community energy labels for washing machines either for sale
or hire are required to display efficiency data based on a standard 60 °C
cotton wash. For washing machines, this includes information on water
consumption (W) and load capacity (L) and these values should be used
in the equation 1. Where the performance of the washing machine is
unknown, the ratio may be assumed to be 8.17 litres per kilogram.
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Greywater demand (WC flushing and laundry use)

The following equation should be used to determine greywater
demand, C, in litres (L) where the treated greywater is to be
distributed for WC flushing (single-, full- or part-flush cisterns) and
laundry use, as relevant.

NOTE Where more than one type of WC is installed, the consumption
can be calculated for each WC or it can be assumed that all WCs will be
used equally, in which case the standard consumption for each type can be
calculated and the results simply averaged.

S T ——
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where:
n is the number of persons
Ve is the flush volume for a single-flush WC
Uy Is the usage factor for a single-flush WC
Vpwc Is the full-flush volume for a dual-flush WC
Ugs  is the full-flush usage factor for a dual-flush wC
Vpwe is the part-flush volume for a dual-flush WC
Ups s the part-flush usage factor for a dual-flush WC

W is the washing machine water consumption per wash cycle
(see Commentary) in litres (L)

L is the maximum dry wash load recommended by
manufacturers (see Commentary) in kilograms (kg)

Uy Is the usage factor for the washing machine

Py is the proportion of water consumed by the washing
machine to be supplied by non-potable water
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COMMENTARY ON 4.1.2.4.2

The following are some typical values that can be used in equation 2.
Where more precise values are not known, these values may be used for
estimation purposes.

n: two people in the master bedroom and one additional person in each
of the remaining bedrooms

Uy 4.42
U 1.46

Upr: 2.96

W:30Lto60L

L:4kgto 10kg

g 2.1

Pona: 1

See also Commentary on 4.1.2.4.1 regarding typical values for washing
machine consumption and dry wash loads.
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