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ABSTRACT 
 
This paper introduces an intelligent geyser usage 
profiling system to provide peak demand side 
management and improve geyser efficiency in a 
typical household. The system comprises of a PIC 
microcontroller used to determine individually based 
warm water usage profiles on the user. Based on the 
profile, the controller regulates the temperature of the 
geyser according to the demand of the user without 
manual intervention. By doing so the amount of heat 
lost by the geyser is reduced, saving the consumer 
money and reducing the overall demand on Eskom at 
the same time. 
 
1. INTRODUCTION 
 
Due to the recent power cuts and increase in electricity 
tariffs a market has opened for a system that can save the 
consumer money by reducing the users’ energy demand. 
If the demand on ESKOM is not reduced additional 
power stations need to be built to accommodate this 
increase in demand. At the moment ESKOM cannot fulfil 
this demand, and therefore is forced to cut power to 
certain areas, resulting in power outages. These power 
outages result in large financial losses to companies, also 
becoming an inconvenience to the residential homeowner. 
 
2. BACKGROUND 

2.1 DEMAND SIDE MANAGEMENT (DSM)/ 
ESKOM 

 
As evolving creatures, electricity forms an essential part 
of the human lifestyle, making humans reliant on the 
continuous supply thereof.  
 
ESKOM has Demand Side Management (DSM) projects 
running, which aim to reduce electricity demand at peak 
periods (07:00-10:00 and 18:00-21:00). This is done by 
shifting the load peak to off-peak periods and by reducing 
overall electricity consumption [1]. 
 
These peak periods are derived from “Time of Use” 
(TOU) tables, which indicate the energy demand by users 
at various times of the day 0. By reducing or shifting 
some of the peak demand to non-peak times, the load on 
ESKOM during peak times can be reduced.  
 
ESKOM’s aim in 2005 was to save 4255 MW over a 
period of 20 years 0. The annual target for 2005 was 153 
MW and attained as shown in Table 1. 
 

 
 

    
 
    Table 1: DSM annual target breakdown for 2005 [1] 

Sector initiative Projected savings 
[MW] 

• Residential Load Management 49 

• Residential Energy Efficiency 32 

• Industrial/Commercial Energy 
Efficiency 

17 
 

• Industrial/Commercial Load 
Management  

54 

Total 152 

 
The environment is also impacted, as for every kilowatt 
hour (kWh) of electricity saved, one less kilogram of 
carbon dioxide is generated by the power station and 
released into the atmosphere [1]. 
 
2.2 RESIDENTIAL SECTOR 
 
Peak demand can be divided into three sectors as can be 
seen in Figure 1[1]. 
 

 
Figure 1:  Electricity sector consumption per division [1] 

 
Table 2 shows the breakdown of the electricity consumed 
by the residential/domestic sector. From this it can be 
seen that hot water cylinders (HWCs) or geysers are the 
major contributing factors to electricity consumption, as 
they amount to 36% of the total energy consumed. 
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Table 2:  Domestic electricity consumption breakdown 
ELECTRICITY CONSUMPTION 

 
DOMESTIC 

APPLICATION kWh/year (%) 

Water Heating 4259 36.1 

Washing 326 2.8 

Cooking 2447 20.7 

Space Heating 404 3.4 

Refrig/ Freezer 1829 15.5 

Lights 1766 15 

Other Appliances 766 6.5 

Total 11797 100 

 
Warm water usage or loading in kilowatt hour (kWh) for 
the residential sector is shown in      Figure 2. Here it can 
be seen that the warm water usage and peak electricity 
demand for residential areas follow the same trend as 
peak warm water demand is between 06:00 to 09:00 in the 
morning and 18:00 to 22:00 in the evening. 
 

 
     Figure 2: Daily warm water load 
 
2.3 HWC 
 
HWCs are pressurised hot water containers that have been 
used effectively to supply warm water to households for 
many years. These containers are supplied via the mains. 
A thermostat is then used to regulate the heating cycle of 
the element, thus adjusting temperature inside the HWC. 
When the temperature drops below the preset temperature 
by a certain amount, usually by 6°C in practice, the 
element is switched on and the water reheated to the set 
point. As a safety feature, the condition of the thermostats 
and the heating elements should be checked every 5 years. 
Even though the element might still be heating the water, 
it could be drawing exceptionally high loads. 
 
There are two main sizes of HWCs found in residential 
homes. A 3kW, 150-litre unit which can supply 2-3 
people, and a 4kW, 200-litre unit which can supply 4-5 
people.  
 
HWCs use electricity in one of two ways:  
 
• Hot water consumption in liters (ℓ): When warm 

water is drawn, the HWC replaces this with cold 
water. The greater the consumption, the more 

electricity is required to reheat the cold water to the 
preset temperature.  
 

• Heat loss from the HWC: The heat inside the HWC 
is dissipated through its casing, as well as through 
the outlet pipes. The warmer the HWC temperature 
and the colder the ambient temperature, the higher 
the heat loss.  

 
Thermal losses or standing losses, incurred due to heat 
dissipation in the pipes and the HWC itself can be 
calculated using the equation (1): 
 

 

 
where: 
 
qlosses  = heat loss in W/m2 

Th = water temperature inside the HWC (°C) 
Tambient = air temperature outside HWC (°C) 
Δx = thickness of the insulating layer (m) 
k = thermal conductivity (W/m.K) 
h = surface heat temperature coefficient (W/m2.K) 
 
The thickness of the insulating layer, or wall thickness of 
the HWC is taken as 0.035m, the conductivity 
0.055W/m.K and the surface heat temperature coefficient 
is 6.3W/m2.K on a standard 150ℓ HWC. These values 
may change with different types of HWCs.  
 
The area of the HWC is given by (2): 
 

    
 
where: 
 
r = radius = 0.219m 
h = height which is length = 1m 
 
Using a 150ℓ HWC as an example the area = 1.677 m2. If 
the thermostat is set to 70°C and the ambient temperature 
20°C, then the average loss equals 2.531 kWh per day. If 
the thermostat is set to 60°C, and the ambient temperature 
still kept at 20°C, the average loss equals 2.02 kWh per 
day. When the thermostat temperature is lowered to 60°C, 
the homeowner can reduce the losses by 0.511 kWh per 
day.  
 
By lowering the thermostat temperature to 55°C the loss 
amounts to 1.771kWh, which equals to a saving of 0.76 
kWh per day or 23.56 kWh per 31 day month. Taking the 
current cost of electricity at R0.4738 per kWh a savings 
of R11.16 is achieved. If for example a family uses 1000 
kWh per month, the saving on the monthly account would 
only be 2.4% per household, but if all the residential 
homes are taken into consideration, the demand on 
ESKOM can be reduced significantly. 
 
Figure 3 shows the heating cycle of a typical HWC over a 
24-hour period. Here no warm water was drawn to 



illustrate the standing losses. The HWC thermostat was 
set to 65°C and the average ambient temperature for the 
24-hour period was 19°C. The standing loss was 
calculated at 2.3kWh for the day. The average cut in time 
(interval between the element switching on) was 
measured at 6 hours and 14 minutes.  
 

 
Figure 3:  Heating cycle of a typical HWC 
 
From the research it is apparent that by reducing the 
HWC’s temperature, savings can be made. In order to 
reduce the HWC temperature and supply the homeowner 
with the required amount of warm water for the day, some 
sort of intelligence would have to be incorporated into the 
home.  
 
3. HWC CONTROLLER 
 
3.1 LAYOUT 

 
In Figure 4 the layout of the controller is shown. As can 
be seen, the controller consists of three stimuli, the HWC 
temperature, the flow representing whether warm water is 
drawn and finally the time or length of warm water 
consumption. 
 
 
 
 
 
 
 
 
 
 

 

Figure 4:  Flow diagram representing the layout of the controller 
 
Using these three stimuli a profile for each household is 
deduced. This profile is stored in external memory via a 
PIC microcontroller. Once the profile has reached a 
certain confidence level, the microcontroller adjusts the 
temperature of the HWC according to the profile in its 
memory. 
 
The controller was designed using three temperature 
sensors. One was coupled to the thermostat plate (seen in     
Figure 5A), the second to the outgoing pipe of the HWC 

(seen in     Figure 5B) and the third was mounted onboard 
and used to log the roof temperature needed for the kWh 
calculation.  
 

 
    Figure 5:  HWC Layout 0 
 
The water temperature of the HWC was measured using 
sensor A. As warm water flows out, the pipe temperature 
rises. Sensor B was then used to detect this rise in 
temperature and therefore detect when warm water was 
being drawn. The outgoing pipe temperature can also rise 
due to rise in ambient temperature. To reduce the effect of 
ambient temperature the controller was programmed to 
log the condition “warm water drawn” only if the 
outgoing pipe temperature (B) and the thermostat 
temperature (A) were ±5°C from one another. 
 
3.2 PROFILE 
 
As mentioned, the HWC temperature is regulated 
according to the profile gathered by the microcontroller. 
This profile consists of preset temperatures determined by 
the three stimuli. It was decided to have three service 
levels or temperature settings. These settings were low 
(45°C), medium (55°C) and high (65°C). 
 
The low or standby setting was chosen to be 45°C due to 
the disease known as Legionellosis. These bacteria 
proliferate (grow in numbers) in stagnant water from 
20°C - 45°C, with the optimum temperature being 
between 32°C - 37°C. At temperatures below 20°C the 
bacteria remains dormant. When the water temperature is 
kept at 60°C the bacteria is killed after 20-30 minutes and 
at temperatures above 70°C killed immediately. 
 
A high setting of 65°C was chosen as research previously 
done showed that 64.3°C is the average temperature 
setting of thermostat controlled HWCs. This setting was 
chosen to accommodate high consumption, or large draw 
periods. This would typically be a shower or bath. 
 
A medium setting was chosen to be 55°C. This was 
chosen to accommodate short draw periods e.g. hand 
washes. 
 
The controller would therefore build up the profile based 
on the length of warm water drawn, the longer the draw 
period, the higher the setting. 

A 

B 
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Flow 

Time 
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3.3 TIME INTERVALS 
 
Using the formula below and a 150ℓ 3kW HWC as an 
example, the maximum time required to heat the water in 
a HWC from the low setting (45°C) to the high setting 
(65°C) was calculated using (3):  

 
          Power   =    Energy/ time 

         =    (c.m.Δt)/ t          (3) 
 
where c is the specific heat capacity (4187 J kg-1 °C-1), m 
is mass, Δt is the change in temperature and t is time. The 
power equation holds true for all sizes of HWCs. 
 
Power = (4187.150.20)/t 
 = 12,561MJ/t 
t = 12,561MJ/3000 
 = 4187 seconds 
 = ±1hour 09mins 
 
Based on the calculation above, the maximum time taken 
to heat the water from a low to a high service level is 
±1hour 09mins. For this reason two-hour intervals were 
chosen. The day was therefore divided up into twelve 
two-hour intervals to give the controller adequate time to 
heat the HWC. 
 
3.4 PREDICTION 
 
Each two-hour slot records the actual service level or 
temperature setting, and the service level predication 
(SLP) made by the program. By comparing the actual 
service level calculated by the three stimuli and the 
service level prediction (SLP) it could be determined how 
accurate the system was. 
 
Each two-hour slot contained twelve bytes of information 
used for data analysis and calculations. These bytes of 
information were time, day, date, month, year, roof 
temperature, day count, service level prediction (SLP), 
minutes of warm water used, probability for that two-hour 
period, actual service level and percentage accuracy of the 
SLP. The formula used to calculate the actual service 
level based on previous information gathered is included 
as (4): 
 

  

 
where: 
 
A = was warm water used in the two-hour period 
n = day count  
 
 
This formula is known as the discrete uniform probability 
formula and was used to calculate the service level 
fraction 0. This value was then multiplied by 100 to give a 
service level percentage and grouped in either of the three 
service levels depending on the percentage value as can 
be seen in Figure 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6:  Flow diagram representing service level selection 
 
Along with the service level for the two-hour period a 
prediction is also saved. This prediction is made at the 
beginning of the two-hour period and is based on the 
previous accumulated service level value. The accuracy of 
the prediction versus the actual service level was also 
saved and determined as seen in Figure 7 below. 
 
 
    
                
     
      
      
 
 
 
 
 
Figure 7:  Flow diagram representing accuracy calculation 
 
The %_cnt2 is increased with every two-hour interval. 
The accuracy of the prediction is therefore a ratio between 
how many correct predictions were made over the total 
number of predictions. 
 
4. RESULTS 
 
Ten controllers were installed into various homes to 
determine whether a prediction system could be built. 
 
    Figure 8 shows a comparison between the service level 
calculated for the specific two-hour period and the SLP 
made in home1. For the first 12 two-hour slots there 
would be no prediction, as there is no previous 
information on that specific user. After the first day, 
predictions are made.  
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    Figure 8:  Service level versus service level prediction for home1 
 
Figure 9 shows the accuracy of the SLP in home1 after 30 
days. From this it can be seen that the predictions were 
94% accurate, with a 97.5% accuracy the last 10 days 
(last 120 predictions). 
 

 
Figure 9: Accuracy of service level prediction after 30 days 

 
     Table 3 shows the accuracies obtained in the 10 homes. 
In a worst-case scenario the predictions only reach 90% 
accuracy after 28 days, but after 31 days all 10 homes 
were above 90%. The last 10 days of the 31-day period, a 
minimum accuracy of 97.5% was reached, which means a 
97.5% accuracy out of the last 120 predictions made. 
 
     Table 3:  Accuracy results from the 10 homes 

Home 
Time taken to 

reach 90% 
(days) 

Accuracy after 
31 days (%) 

Accuracy last 
10 days (%) 

1 17 94 97.5 

2 27 92 100 

3 14 95 99 

4 24 93 98 

5 16 95 99 

6 28 91 98 

7 19 94 100 

8 9 98 100 

9 3 97 98 

10 21 95 100 

Average 17.8 94.4 98.95 

4.1 ENERGY SAVINGS 
 
  Table 4 shows the comparison in kW dissipated per two-
hour interval for a thermostat set at 65°C and the SLP 
made by the controller for home1. The temperature used 
in the calculation is the roof temperature. 
 
  Table 4:  Savings after 1day (home1) 

TIME SL Temp kW/2hr @65°C Saving 

00:00 45 25.56 0.08 0.16 0.08 

02:00 45 24.12 0.08 0.17 0.08 

04:00 45 23.5 0.09 0.17 0.08 

06:00 45 23.43 0.09 0.180 0.08 

08:00 65 23.5 0.17 0.17 0 

10:00 55 25.62 0.12 0.16 0.04 

12:00 45 28.56 0.06 0.15 0.09 

14:00 45 30.81 0.06 0.14 0.08 

16:00 55 32.18 0.09 0.14 0.05 

18:00 55 28.75 0.10 0.15 0.05 

20:00 65 25.5 0.16 0.16 0 

22:00 65 24.18 0.17 0.16 0 

Total   1.27 1.91 0.64 

 
The total kWh saved for home1 for the day amounted to 
0.64kWh or 19.84kWh per 31-day month. This equals to a 
34% saving of the total kWh lost due to heat dissipation. 
 
Home1 used 735kWh in October. The controller therefore 
made a percentage saving of 2.7% on the total usage. 
 
   Table 5 shows the monthly savings of all 10 homes. 
These savings were calculated and compared to that of a 
thermostat setting set at 65°C and taken at a current cost 
per kWh of R0.4738. 
 
   Table 5:  Monthly savings for 10 homes 

Home Total monthly savings in 
kWh (31day month) 

Total monthly savings in 
Rand (31day month) 

1 19.84 R 9.40 

2 7.4 R 3.53 

3 26.66 R 12.63 

4 21.39 R 10.13 

5 17.36 R 8.23 

6 13.33 R 6.31 

7 20.46 R 9.69 

8 8.37 R 3.97 

9 26.04 R 12.34 

10 18.91 R 8.96 

Average ±18 R 8.40 

 
The HWC controller cost ±R 200. Payback period would 
then equal R200/R8.40 = ± 23 months or 2 years. 
 



5. CONCLUSION 
 
These savings are however not a true reflection of the 
actual savings, as the temperature of the HWC declines 
gradually. For example if the service level, or temperature 
setting, is at 65°C and the next two-hour interval is 45°C, 
the temperature would not instantaneously drop to 45°C, 
but gradually decrease. The gradient of the slope in 
temperature will vary from HWC to HWC depending on 
insulation, roof temperature etc. Standing losses are, 
however, still reduced, as unwanted heating cycles of the 
HWC are eliminated, reducing the overall average HWC 
temperature.  
 
This research shows that a fully intelligent controller can 
be built and implemented into one’s home to provide 
warm water according to an individual’s warm water 
usage pattern. This eliminates the possibility of warm 
water shortages, but at the same time reduces power 
consumption of HWCs. 
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