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1 Introduction

Showersave is an example of the device that recovers some of the heat in the waste water after showering, referred generically as a “waste water heat recovery system” (WWHRS).  It relies on waste shower water flowing thorough a counter flow heat exchanger that pre-warms the cold water feed to a shower mixer, combi boiler or hot water cylinder.  For heat to be recovered there must be a simultaneous flow of the waste water and cold water supply through the heat exchanger.

1 World Solar have proposed a method for implementation in SAP Appendix Q
 that was discussed at BRE on March 12 March 2008.  This note examines the technical issues raised concerning the energy efficiency aspects and recommends a minor revision to method. 

Firstly the potential additional heat losses associated with the system when installed in a dwelling are explored.  These are losses from the pre-warmed cold water feed during and after showering (part 2) and loss when connected to a hot water cylinder (part 3). 
Next, two critical assumptions in the method proposed by 1 World Solar are scrutinized; shower head and ankle height water temperature measurements (part 4).  Minor modifications to the latter are recommended.

Part 5 examines the details of the efficiency tests provided since the meeting and introduces the idea of utilisation factor to account for the warm-up time and different test and installation drain temperatures.
Part 6 notes a minor alteration necessary due to rounding of conversion factors.
Part 7 gives the three recommended modifications to the procedure.

Throughout this document reference is made to electric showers and mixer showers.  Electric means instantaneous electric showers rather than water heated in a cylinder heated by electric immersion heater(s).  Mixer shower refers to showers using hot water from a central source (eg combi boiler or separate cylinder).
Electric instantaneous showers cannot be implemented in SAP 2005 appendix Q as they are not part of a SAP assessment. However, for the sake of completion and possible future implementation they are included here. 
Also electric tanks with mixer showers cannot be implemented in Appendix Q (SAP 2005) because it involves savings at two fuel prices (on-peak and off-peak).  It is anticipated that this limitation will be remedy in SAP 2009.
2 Cold water-fed heat losses

Typical shower volumes and duration reported
 are shown below
	Shower type
	Flow rate
	Duration
	Volume
	Heat content 
 (31K rise)

	Data source
	Footnote 2
	Footnote 2 
	Footnote 2 
	Footnote 3

	Electric shower
	3.9 l/min
	5.8 min
	22.6 litres
	817 Wh

	Mixer shower (short)
	8 l/min
	5.8 min
	46.4 litres
	1678 Wh

	Mixer shower (long)
	8 l/min
	9 min
	72 litres
	2604 Wh

	Pump showers 
	12 l/min
	9 min
	108 litres
	3906 Wh


Table 1: typical shower flow rates and duration
2.1 Losses from the cold water feed pipe during a shower
The approximate heat losses during a nine minute shower from a 3m length of vertical copper pipe of outside diameter of 15mm which is 10K above the ambient of 20°C is:
(3m x 4.6 W/m x 0.76) x 9 minute/ 60 minutes = 2 Wh per shower

4.6 W/m is the heat loss per meter of pipe run and 0.76 the vertical conversion factor

This is 0.1%.of energy content of a 9 minute shower.
The pumped shower loss is the same at 2Wh but an even lower percentage figure.

For the shorter shower of 5.8 minutes and volume 46.4 litres the losses are:
= (3m x 4.6 W/m x 0.76) x 5.8 minute/ 60 minutes = 1.6 Wh per shower (or 0.08%)
For an electric shower the losses are the same but the percentage figure is slightly higher at 0.2% but still very small.  

2.2 Cold water feed losses when not operating

The approximate volume of 3m pipe 15mm (od) and 1mm thickness is:

 3 x (0.013/2)2 x pi x 1000 = 0.398 litres
The maximum loss per shower is therefore 0.4 litres in 22.6, 46.4, 72, 108 litres for an electric shower, short and long mixer shower and pumped shower respectively (see table 1 above); that is, if the pre-warmed water in the cold pipe cools down completely to room temperature.   In percentage terms this is 1.7%, 0.9%, 0.6% and 0.4% respectively.  The electric case is the value that may be of concern but in practice the loss will be less because the pipe might have not sufficient time to cool down because of the next showers or water draw-off and therefore can be safely neglected. 
3 Cylinder temperature 
The cylinder temperature drops because of the volume of hot water drawn from the cylinder and time to reheat the cylinder.   The device requires less hot water to be drawn therefore the cylinder temperature over 24-hours will be slightly higher leading to higher cylinder losses.  The size of these higher losses is considered in sections 3.1 to 3.4.
3.1 Temperature of cylinder during shower (without device)
Consider the average temperature during a shower of 9 minutes of 41°C at 72 litres.  If hot water is supplied at 60°C and cold at 10°C, then 44.6 litres of hot water and 27.4 litres of cold water are required.
At the end of the draw-off, assuming a 120 litre tank was full with 60°C water at the start
, that would leave 120 - 44.6 = 75.4 litres of hot water and 44.6 litres of cold water in the cylinder.  The average temperature at end of the shower would therefore be (75.4 x 60 + 44.6 x 10)/120 = 41.4°C.   The average temperature during the 9 minutes (assuming a linear decline) is therefore 60/2 + 41.4/2 = 50.7°C.   If the average temperature over the rest of the day is about 46.3°C (a typical value assumed by the cylinder loss calculations in SAP) then average over 24 hours including the 9 minutes of the shower draw-off is 46.33°C. A slight increase of 0.03°C over 24-hour average.
3.2 Temperature of cylinder during shower (with device)

If the heat recovery system raises the inlet from 10°C to 28°C, only 29.2 litres of hot water would be required to produce the 72 litres at 41°C.  At the end of the shower time, the cylinder would contain 90.8 and 29.2 litres of hot and cold water respectively; making the average at the end of the shower 52.2°C.  During the nine minutes of the shower the average temperature would be 60/2 + 52.2/2 = 56.1°C; again assuming a linear decline.  Assuming the same average over 24 hours outside the 9 minute draw-off of 46.3°C, this would give an average of 46.36°C.  This is 0.03°C higher than without the system; leading to an increase in the cylinder loss of 0.1% (0.03 in 46.3 -22°C [airing cupboard temperature]); very small indeed.
3.3 Temperature of cylinder during recovery time

It takes up to 45 minutes for a 120 litre cylinder to be heated from cold or approximately 0.375 minutes per litre.  To recover the hot water drawn for a long shower of 44.6 litres would take about  0.375 x 44.6 = 15.7 minutes.  The average cylinder temperature during this 15.7 minutes is 50.7°C.  The average over 24-hours, assuming the same average outside these minutes of 46.3°C, would be 46.35°C.

With the device it would take 11 minutes to recover the 29.2 litres of hot water and average cylinder temperature would be 56.1°C. The average over 24-hours, assuming the same average outside these minutes of 46.3°C, would be 46.37°C, some 0.02°C higher than without the device. 
3.4  Cylinder heat loss summary
Adding the contributions 0.03°C (see 3.2) and 0.02°C (see 3.3) makes the cylinder temperature of 0.05°C higher with the device than without it. The temperature difference between the cylinder (46.3°) and its surroundings (e.g. an airing cupboard at 22°C) is typically 24.3°C.  0.05 in 24.3°C is 2%. Some of extra loss will reduce the spacing heating requirement. The overall effect on gas consumption will be small and not worth the extra complication of including as the procedure.
4 Critical assumptions
Two critical temperature assumptions made in the manufacturer’s proposal are:  

· Shower volumes

· Water temperature at the shower and drain 

These are scrutinized in 4.1 and 4.2
4.1 Typical water volumes of showers

The typical volumes of types of shower are shown in table 1 and are from a credible source
.  The manufacturer’s proposal assumes an average shower volume of 75 litres at 41°C, arguing it is the average of the mixer shower cases.  However, showers with separate pumps are much less common and may push up the average volume significantly.  Therefore to test the 75 litres assumption the following table was constructed based on table 1 and table 2 of a a MTP briefing note
.
	 
	Sales 2008
%
	Volume litres
	Multiply
% x litres

	Mixer – gravity fed †
	42.6
	58.3
	2484

	Integral Pump
	18.2
	72.9
	1327

	Separate Pump
	10.4
	108
	1123

	Mixer – mains pressure †
	20.6
	108
	2225

	Bath/shower †
	8.3
	44.4
	369

	Sum
	100
	
	75300

	Sales weighted average
	
	
	75.3 litres


†duration assumes 7.4 minutes the average of long and short shower.

Table 2: Calculation of sales weighted shower volume
The sales weighted average volume is very close to 75 litres and confirms the assumed shower volume of 75 litres is reasonable.
4.2 Shower temperatures
The temperatures suggested by manufacturer’s proposal are:

Shower head water temperature 41°C and drain water temperature of 36°C.

The shower temperature of 41°C is reasonable as it is the mid range of a recommended mixer valve value; that is, “The BuildCert TMV scheme recommends that thermostatic shower mixing valves be limited to delivering water at a temperature of 39°C – 43°C”
.
The drain temperature of 36°C is more debatable, the manufacturers claim a 5°C degree from the Liverpool John Moore paper and 3°C drop from an unreferenced Dutch source.  However figure 17 of the paper suggests an average drop of 7.2, 5.9 and 4.5 for electric showers, mixer showers and power shower flow rates respectively (ie. at flow rates 4, 8 and 12 litres per minute). 

In the absence of other data, it is therefore recommended to revise the drain from 36°C to 35°C for mixer showers and to 34°C for electric showers. 
Also note: 

A value of less than 5.2°C drop would greatly complicate the method in appendix Q because SAP assumes 25% of hot water energy is released into the air and potentially useful to partly offset the space heating. A temperature drop of less than 5.2°C would mean less than 25%
 is released into the room and would require the extra complication of adjusting the 25% factor in SAP Appendix Q.

5 Heat recovery effectiveness
The stated efficiencies are based on typical shower rates and so are reasonable from that point of view.  Expected water temperatures in the house and the laboratory are different and the test data indicate a short initialization is required before reaching the approximate efficiency.  This is examined next.
5.1 Initialisation period
The temperature profiles indicate that it takes about 40 seconds to reach the quoted efficiency (within a few percent).  This presumably is the time it takes to warm-up the mass of heat exchanger and so for first 40s it operates at half the full efficiency. 
The efficiency tests undertaken last about 14 minutes and include the energy of warming-up the heat exchanger. During a shorter showering time, the energy required to warm-up has a bigger impact than a longer shower time. And so as the tests are longer than the typical showering times of 5.8 and 9 minutes (mean 7.4 minutes), the measured efficiency will be slightly higher than the anticipated in-use efficiency. The following table shows an adjustment for this called the warm-up factor.  
	Test duration
	Warm-up factor in test data
	Warm-up factor for the shower times
	Overall warm-up factor


	
	1+ (40s x 0.5 ÷ test duration)
	1- (40s x 0.5 ÷ shower duration)
	Product of warm-up amount
(see table note)

	s
	
	5.8 minutes
	7.4 minutes
	5.8 minutes
	7.4 minutes

	797.5
	1.025
	94.3
	95.5
	0.966
	0.979

	790.9
	1.025
	94.3
	95.5
	0.966
	0.979

	818.5
	1.025
	94.3
	95.5
	0.966
	0.979

	811
	1.025
	94.3
	95.5
	0.966
	0.979


Warm-up factor is (1.025) x (94.3/100) = 0.966   (electric case)  and (1.025) x (95.5/100) = 0.979   (mixer case)
Table 3: Warm-up factor calculations

5.2 Different test and installation conditions
The laboratory tests have a “drain” temperature of about 40°C which is 5°C or 6°C higher than those expected in the home environment as discussed in part 4.2.  For counter flow arrangements the effectiveness of the heat exchanger is usually considered independent of temperature and therefore the higher laboratory temperature is not an issue here (see http://www.cheresources.com/hteffzz.shtml).  The effectiveness (or efficiency) is a measure of the heat transferred compared to a perfect exchanger.    

For consistency, future models must be tested using the same flow rates and inlet temperatures of 40°C and 10°C (within ±0.5°C).
The EMC paper proposes the effectiveness values as measured. It is recommended that these are adopted (table 5.2, EMC paper).
5.3 Utilisation factor
The warm-up factor (see 5.1) gives a utilization factor: which varies by brand and model.  And therefore the following overall utilization factors are proposed:
· Mixer Shower, Vert model: 0.979
· Electric shower Vert model: 0.966
· Mixer Shower, Tray model: 0.979
· Electric shower Tray model: 0.966 
6 Unit conversion
Part 6.2 of the EMC paper gives the coefficients to determine the water volume usage in a shower.  These are:
· 20.3 litres per day  and 39.6 litres per person per day for the mixer shower

The EMC paper goes to convert to kWh/year rounding two significant figures.   This is too inexact; so the following are recommended:
Mixer showers

39.6 x 4.18 x 365/3600 = 16.78 kWh/year per person (EMC specified 17)
20.3 x 4.18 x 365/3600 = 8.56 kWh/year per person (EMC specified 8.7)

Electric showers
15.8 x 4.18 x 365/3600 = 6.70 kWh/year per person (not specified in EMC report)

7 Recommended amendments
The adoption of manufacturer’s proposal is recommended with three amendments:
a) Drain temperature changed from 36°C to 35°C and 34°C for mixer and electricity respectively because this is supported by the laboratory measurements referenced.
b) A utilization factor is introduced to account take that it takes 40s to warm-up the heat exchanger.  These are noted in 5.3 above.
c) The coefficients in kWh/year are quoted to 4 significant figures (not 2 as suggested in the EMC paper).  The resultant coefficients are shown in part 6. 
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