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3 Standing Loss Measuring Arrangement and Test 
Methodology  

3.1  Test arrangement  

3.1.1  Test chamber  

The standing loss tests were conducted in an environmental chamber with concrete walls 
and a concrete roof.  The wall construction of the chamber features an air cavity for 
improving regulation of the inside temperature.  Internal air circulation during the tests 
is facilitated using a portable, variable speed fan, while the inside temperature is 
controlled by means of a portable heater with adjustable temperature settings.  

3.1.2  Geyser installation  

In order to limit the effects of external piping on the measured losses, the geys ers were 
installed in accordance with the following guidelines:  

�x The installation has no external hot water outlet piping.  The hot water outlet is 
blocked with an industry standard copper screw-on cap fitted with a temperature 
sensor extending into the cylinder. 

�x The cold water supply is connected through a minimum of 1 m polycop pipe.  The 
inlet pipe is connected to the geyser through a copper fitting with an integrated 
temperature sensor extending into the geyser.  

�x The installation has no vacuum breakers and associated external piping. 

�x An industry standard copper pressure relieve valve is fitted to the pressure relieve 
connection. 

�x All external connections, i.e. hot water outlet, cold water inlet and pressure 
relieve fitting are lagged to reduce heat loss.  

The geyser is mounted using a dedicated, standalone steel frame such that the external 
clearances in both horizontal and vertical planes adhere the SANS 151 standard, i.e. at 
least 150 mm from any structural wall and with a clear space of at least 250 mm above 
and below the water heater and at least 700 mm at the sides and front.  

3.1.3  Instrumentation  

The design of the test arrangement is aimed at complying with the efficiency test 
procedures specified in section 7.4 of SANS 151.  This translates into the following: 

�x The control reference temperature inside the geyser is regulated at 65  ±  1.5 °C 
over the test period of 48 hrs.  

�x The ambient temperature inside the test chamber is regulated at 20 ±  3 °C over 
the test period of 48 hrs.  

�x The cold water inlet temperature ins ide the geyser is measured and logged.  

�x The hot water outlet temperature inside the geyser  is measure and logged. 

The cold water inlet and hot water outlet temperature measurements are not used in 
determining the standing losses, but assists in understanding the thermodynamic 
behaviour of the hot water distribution inside the geyser.  

The heating element is controlled with an RKC Instrument Inc. CB100 temperature 
controller operated in On/Off mode, using a PT100 Resistance Temperature Detector 
(RTD) for measuring the control temperature.  The PT100 sensor is positioned inside the 
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built-in geyser thermostat pocket at the inner end, using heat paste for improved thermal 
coupling with the copper jacket of the thermostat pocket.  

The controller temperature, ambient temperature, cold water inlet temperature and hot 
water outlet temperature are measured using PT100 RTDs connected to a National 
Instruments NI 9211 thermocouple input module located in a CompactDAQ chassis. The 
temperature readings are logged with a 30 second sampling interval using a dedicated 
NI Labview program running on a computer connected to the CompactDAQ via an 
Ethernet link.  The energy consumption is sampled using two meters, namely a 
PowerTrack logger and an Elster class 1 energy meter, using a 30s sampling interval. 
Table 4  summarizes the specifications of the temperature control and measurement 
instrumentation used in the test arrangement.   

Table 4:  Summary of test instrumentation used in the standing loss tests.  

Function  Manufacturer and model  Specifications    

Temperature 
controller 

RKC Instrument Inc. CB100 Digital 
Controller 

Sampling rate: 0.5s 
Control method: On/Off, PID P, PI, PD 
Thermocouple types:  K, J, R, S, B, E, T, N, 
PLII, U, L 
RTD types: PT100, JPt100 
Accuracy: RTD Greater of ± 0.3% of display 
value + 1 digit or ± 0.8°C 

Temperature 
measurement 

PT100 Resistance Temperature 
Detectors 

Three-wire PT100 Platinum Resistance 
Temperature Detectors  

National Instruments NI 9211 C-
series thermocouple input module.  

No of channels:  4-Channel. 
Sampling rate: 14 S/s 
Sampling resolution: 24-Bit 
Input voltage: ±80 mV 
Thermocouple types:  J, K, T, E, N, B, R, S 

National Instruments CompactDAQ 
chassis 

4 slots  

Energy 
measurement 

PowerTrack logger Accuracy: 0.5% on active power 

Elster Energy meter Class 1 

 

3.2  Test methodology  
The standing loss tests were conducted in accordance with SANS 151:2013 Edition 7.1: 
Fixed electric storage water heaters.  The test procedure used in the investigation can 
be summarized as follows: 

�x The geyser is operated for a stabilizing period of at least 24 hrs with the control 
reference temperature inside the geyser at 65 ±  1.5 °C and the ambient 
temperature at 20 ±  3 °C. 

�x Following the stabilizing period, the geyser is operated for a standing loss test 
period of at least 48 hrs with the control reference temperature inside the geyser 
at 65 ±  1.5 °C and the ambient temperature at 20 ±  3 °C.  The start of this test 
period is chosen to coincide with a switch-off event of the heating element.  The 
following measurements are conducted: 

o Controller temperature using a sampling rate of 30s.  

o Ambient temperature using a sampling rate of 30s.  
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o Cold water inlet temperature using a sampling rate of 30s. 

o Hot water outlet temperature with a sampling rate of 30s . 

o Energy supplied to the heating element with a sampling rate of 30s . 

�x Visual and infrared images of the geyser body, water connection points and 
support structure are captured during the standing loss test period. 

Calibration tests were conducted for the temperature sensors and measuring 
instrumentation at regular intervals between tests, using a heated water bath with a 
reference thermometer.  

3.3  Standing loss calculations  

3.3.1  Overview  

The standing loss calculations are performed using the controller temperature, ambient 
temperature and energy measurement data recorded during the 48 hr standing loss test 
period.  Where necessary, temperature sensor calibration data is used to correct the 
recorded temperature readings. 

Two loss calculations, using two different approaches, are performed for each case. 

3.3.2  Loss calculation using SANS 151 methodology  

The loss calculation methodology specified in SANS 151 relies on the assumption that 
the mean control temperature inside the  geyser is 65°C.  The standing loss is calculated 
using the relationship 

�3 
L
�v�w�'

�t�:�x�w
F���à�Ô�;
 

where 

�3 denotes the standing losses [kWh/24hr],  

�'  denotes the total energy consumption [kWh]  

and  
�à�Ô denotes the mean ambient temperature [ °C].  

The mean ambient temperature �à�Ô, assuming a fixed temperature sampling rate, is 
calculated using the relationship 

�à�Ô
L
�s
�0


Í �à�Ô���Ü��

�Ç

�Ü�@�5

 

where 

�à�Ô���Ü denotes the ith ambient temperature reading [ °C] 

and  
�0 denotes the total number of ambien t temperature readings for the 48 hr 
standing loss test period. 

The calculation methodology normalizes the calculated losses to a temperature 
differential of 45 °C between the internal geyser temperature and ambient temperature.  
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3.3.3  Loss calculation using the a verage control temperature  

The alternative loss calculation methodology uses the actual mean control temperature 
inside the geyser rather than the assumed figure of 65 °C.  The standing loss is calculated 
using the relationship 

�3 
L
�v�w�'

�t�:�à�Ö
F���à�Ô�;
 

where 

�3 denotes the standing losses [kWh/24hr],  

�'  denotes the total energy consumption [kWh]  

�à�Ö denotes the mean control temperature [ °C].  

and  
�à�Ô denotes the mean ambient temperature [ °C].  

The mean control temperature �à�Ô, assuming a fixed temperature sampling rate, is 
calculated using the relationship 

�à�Ö
L
�s
�0


Í �à�Ö���Ü��

�Ç

�Ü�@�5

 

where 

�à�Ö���Ü denotes the ith control temperature reading [ °C] 

and  
�0 denotes the total number of control temperature rea dings for the 48 hr 
standing loss test period. 

This methodology gives a more accurate representation where the mean control 
temperature is not exactly 65°C. 
 

4 Test results  

4.1  Overview  

4.1.1  Geyser summary  

Table 5  summarizes the manufacturer and model details for the geysers tested in the 
investigation, including the mounting orientations for which the tests were conducted.   
The units were tested for all mounting orientations, i.e. horizontal and/or vertical, listed  
in the manufacturer installation specifications.   Table 6  summarizes the standing losses 
determined for the various geyser models and mounting orientations.   

Table 5: Geyser models and mounting orientations targeted in the investigation.  

Geyser ID Manufacturer Model Orientation   

Geyser A A 600 kPa 150l Model 1 Horizontal 

 Vertical  

Geyser B 600l kPa 150l Model 2 Horizontal 

Vertical  
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Geyser C B 400 kPa 150l Horizontal 

 Vertical  

Geyser D C 400 kPa 150l Horizontal 

Geyser E D 400 kPa 150l Model 1 Horizontal 

 

Table 6:  Summary of standing losses measured for the geyser models and orientations 
targeted in the investigation.  

Geyser  Orientation    Standing losses [kWh/24hr]  

  SANS 151 methodology  Alternative methodology  

Geyser A Horizontal 2.23 2.22 

Vertical  2.33 2.34 

Geyser B Horizontal 1.90 1.91 

Vertical  2.24 2.26 

Geyser C Horizontal 1.86 1.87 

Vertical  1.77 1.79 

Geyser D Horizontal 2.51 2.54 

Geyser E Horizontal 1.90 1.92 

 

4.1.2  Thermal images  

The thermal images of the geyser under normal operating conditions provides valuable 
insight into the heat emissions from sources such as the water inlet and outlet 
connections, pressure release connection, thermostat and heating element fitting, 
mounting brackets, etc.  

4.1.3  Teardown analysis  

The teardown analysis involves cutting the geyser open along the length axis into two 
halves so that the line of cutting goes through the hot water outlet pipe.  Thi s allows the 
dimensions and condition of the insulation around the inner water cylinder to be 
determined. 

4.2  Geyser A -  Manufacturer A 600 kPa 150l Model 1  

4.2.1  Standing losses  

Table 7  summarizes the measured results for Geyer A, which is specified for horizontal 
and vertical mounting orientations.  Figure 4 and Figure 5 show the recorded 
temperature and average power profiles for the horizontal and vertical orientation 
standing loss tests respectively. 
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Table 7:  Measured results for geyser A for the standing losses test period. 

Measurement parameter  Horizontal 
orientation  

Vertical 
orientat ion  

Control temperature [°C]  Minimum 64.5 64.2 

Maximum 66.7 65.2 

Mean 65.2 64.9 

Ambient temperature [°C]  Minimum 17.4 15.1 

Maximum 18.5 17.1 

Mean 18.2 16.3 

Energy consumption [kWh] 4.64 5.05 

SANS 151 Standing losses [kWh/24hr]  2.33 2.34 

 

 
Figure 4:  Temperature and average power profiles for the horizontal orientation standing 
losses test for geyser A.  
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Figure 7:  Thermal image for geyser A in horizontal orientation �± Outlet end.  

 
Figure 8:  Thermal image geyser A in horizontal orientation �± Mounting.  

Figure 9 and Figure 10 show thermal images of the inlet end and outlet end respectively 
for geyser A in the vertical orientation. Figure 11 shows a thermal image of one of the 
mounting fittings.  
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Figure 9:  Thermal image for gey ser A in vertical orientation �± Inlet end.  

 
Figure 10 :  Thermal image for geyser A in vertical orientation �± Outlet end.  
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Figure 11 :  Thermal image for geyser A in vertical orientation �± Mounting.  

4.2.3  Teardow n 

Figure 12, Figure 13 and Figure 14 show cross-sections of the full geyser, inlet end and 
outlet end of geyser A.  In the radial dimension, the insulation layer is thicker on th e hot 
water outlet side (upper side in horizontal orientation) compared to the cold water inlet 
side (bottom side in horizontal orientation).  In the length dimension, the insulation layer 
is thicker at the outlet end compared to the inlet end.  The spatia l dimensions of the 
insulation layer suggest that the geyser is designed for horizontal orientation.  The 
insulating foam layer is of uneven density and there are voids (lack of insulation) at the 
bottom end. Table 8 lists approximate dimensions for the foam insulation layer of the 
geyser. 

The spiral heating element is positioned at the inlet end in the length dimension and in 
the centre of the cylinder in the radial dimension.  The copper thermostat pocket is 
positioned in the centre of the spiral heating element and extends beyond the heating 
element into the cylinder.  

Table 8:  Approximate foam insulation dimensions for geyser A. 

Orientation  Radial position  Thickness [mm]  

Horizontal Bottom side  5 

Upper side  35 
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Figure 12 :  Cross -section of geyser A.  

 
Figure 13 :  Cross -section of geyser A �± Inlet end.  

No insulation  
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Figure 14 :  Cross section of geyser A �± Outlet end.  The burn marks are a result of the cutting 
process.  

4.3  Geyser B -Manufacturer A 600 kPa 150l Model 2  

4.3.1  Standing losses  

Table 9 summarizes the measured results for geyser B, which is specified for horizontal 
and vertical mounting orientations. Figure 15 and Figure 16 show the recorded 
temperature and average power profiles for the horizontal and vertical orientation 
standing loss tests respectively. 

Table 9:  Measured results for geyser B for the standing losses test period. 

Measurement parameter  Horizontal 
orientation  

Vertical 
orientation  

Control temperature [°C]  Minimum 64.3 64.3 

Maximum 66.7 67.1 

Mean 64.8 64.5 

Ambient temperature [°C]  Minimum 20.3 17.8 

Maximum 21.2 21.4 

Mean 20.3 20.4 

Energy consumption [kWh] 3.77 4.43 

SANS 151 Standing losses [kWh/24hr] 1.90 2.24 

 



South Africa Geyser: Cost -Effectiveness Study of Increased Insulation  
  

  
 

30  

 
Figure 15 :  Temperature and average power profiles for the horizontal orientation standing 
losses test for geyser B.  

 
Figu re 16 :  Temperature and average power profiles for the vertical orientation standing losses 
test for geyser B.  

4.3.2  Thermal images  

Figure 17, Figure 18 and Figure 19 show thermal images of the side view, inlet end and 
outlet end respectively for geyser B in the horizontal orientation. Figure 20 shows a 
thermal image of one of the mounting fittings.  


































































