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Foreword by Solidarity
Electricity security is essential for work security, and work security is essential for community security. This is the one thing
that is glaringly obvious in the economic realities Solidarity's members have been confronted with, particularly over the past
couple of months with Eskom's wave of power failures since January.
Thanks to our thousands of members who, in extremely difficult circumstances of poor government decisions and policies
such as affirmative action and bad management decisions are doing their utmost to keep Eskom going, Solidarity knows
that Eskom's problems have not been solved by far. With the Solidarity KragDag Expo, Solidarity is contributing to creative
solutions with a view to protecting all our members, as well as the general public, against power failures. They should be
protected at work, at home and in community situations such as at churches and schools. The prosperity of our members
and the broader community is in jeopardy – for as long as electricity supply is as precarious as it is at present.
With this guide, Solidarity offers its members and the public a useful manual on how households can make themselves less
dependent on Eskom and more self-reliant for electricity. The challenging world of volt and kilowatt is simplified, with an
overview of various options for own electricity generation as well as electricity saving.
The guide certainly does not pretend to be the last word on self-reliant domestic power generation. Not only are the
illustrative prices used in the guide necessarily of temporary value only, but also the technology referred to will undoubtedly
be improved and in due course even replaced in the years to come. The guide is, however, an opportunity for interested
households to take a first step towards greater electricity independence, namely to get an overview of important
technology available, to evaluate own requirements and to consider alternatives and their estimated costs.
The advantage of a greater degree of domestic self-reliance as far as electricity is concerned is not only that one can be
assured of electricity from one's own resources, but also that it alleviates the vulnerability of all those who are still
dependent on Eskom for electricity. Households drawing less current from Eskom's network are making such electricity
available to anyone else – not to mention the possibility of households in future being able to feed extra electricity into
Eskom's network.
This guide is aimed at households. Unfortunately, electricity regulations in South Africa are so strict that it is exceedingly
difficult to generate electricity on a large scale and for commercial purposes. Since the electricity market is not open, there
is little leeway for the public and especially business people to help solve the electricity problem in South Africa on a large
scale. For this reason, Solidarity drafted a petition earlier in 2015 asking for a relaxation of the regulations hampering private
electricity generation. Regulations should not prevent people looking after themselves.
Meanwhile, however, this guide is a useful starting point for households to increase their self-reliance as far as energy is
concerned and at the same time to enhance everybody else's electricity security. Greater electricity security leads to
greater work security. And greater work security means greater community security. Everybody will have to do something:
if it is only up to Eskom as a state enterprise, the lights in South Africa will not stay on.
We thank Müller Pretorius for compiling this guide, and also several other people for their kind contributions.
Piet le Roux
Head: Solidarity Research Institute
20 June 2015
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Introduction
Energy self-sufficiency is not just a good way to ensure that our own comfort equipment like TVs, computers, cell phones,
ovens and swimming pool pumps keep working, it is also intended to actively contribute to the economic and social wellbeing of a larger community.
The good news is that South Africa is not alone in its hunger for electricity. Numerous other countries are feverishly
searching for alternative energy sources to ensure sustained development and even just to ensure survival. This search for
solutions has already made available proven technologies. The question is, how would South Africa utilise these
technologies? Is there a way to do things more sustainably?
The aim of this guide is to put you on the trail of actionable solutions for electricity supply. It is not just for DIY enthusiasts
but for everyone interested in alternative energy. It is a guide that will walk you through the process of considering the value
of alternative energy, regardless of your personal convictions about fossil fuel, global warming, nuclear power, Eskom and
government, or whichever contentious energy issue there might be.
Let us start at the beginning by making the most fundamental statement about energy and use that as a conversation
starting point and then also the conviction that might help us through the entire journey: surviving organisms have at least
enough energy to sustain their own bodies, yet humans who want to develop and improve their environment have to have
surplus energy available.
Where do we stand in South Africa, if surplus energy is so important?
Even though the first large-scale power cuts started way back in 2007 and in the meantime construction has started on new
power stations, it is clear that Eskom's ability to supply electricity will be under pressure for at least another few years. This
will be the case even if all the units of Medupi and Kusile were to come on stream. Then there is growing pressure on Eskom
to install very expensive new technologies in order to reduce pollution.
Apart from this, coal supply poses a problem. Will there be enough new coal mines to satisfy our nation's energy needs?
The time of cheap reliable energy from Eskom seems to be gone forever, even though Eskom will most probably remain
the largest supplier of electricity in South Africa.

This guide is meant for people who believe that a “Can do!” approach should be part of the electricity debate. Solutions to
the problem of electricity supply may lead to new development in general. Let us use what we know: both of the past and of
the world we find ourselves in today, and so create a better future for ourselves and our children.
This objective of greater self-sufficiency can be achieved because every household has an opportunity to generate
alternative energy. Every kilowatt-hour (kWh) of electricity that you create yourself and use yourself releases a kWh into
the economy that urgently needs to grow. We can in fact liberate our economic dreams from drudgery and begin to walk,
and maybe even run towards a better future.
The opportunities discussed in the following sections paint creates a picture of what can be done. It focus on what every
household can do to both save energy and generate energy.
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Section A: An overview of important options
This section is just an overview. If we want to discuss energy self-sufficiency at our homes, then it is the easiest to discuss it in
terms of what it will cost and what it will be worth to you. It is the good old “FOR” and “AGAINST” list that has to be made.
Usually there are enough uncertainties that make it difficult to decide what the pros and cons of any specific plan really are
and how those aspects need to be weighed up against the investment of time and money.
In Section B we will introduce seven steps in greater detail. These steps should help you to decide on your best personal
option.

The cost of electricity
Even before you make any change to your household's electricity consumption you have to determine your current
electricity consumption pattern as well as its costs. This should form the standard against which all options are measured.
Apart from cost, you should also consider other important aspects such as, among others, quality of life, independence and
environmental impact.
In most of the discussions from this point onwards we will be referring to the unit “Rand per kWh” (R/kWh). This is the unit
in which most people pay their electricity bill. Even if your electricity bill does not show the unit price of electricity, is it still
possible to calculate it from the detail on your municipal bill. The table below is from a typical bill and it includes the
consumption values.

The calculation to determine the price per unit of electricity that you are currently paying is simply:
R1355.22 / 881kWh = R1.54/kWh
Now that we know our own “network cost” is, we can start comparing it with alternative electricity costs. For example:
1
If you use a petrol power generator on 2kW at 80% efficiency and use 5 litres
of petrol at a cost of R12.61 per litre in
8 hours, then your operating cost is :

(5litres * R12.61)/(2kW*0.8)*8h = R63.05 / 12.8kWh = R4.92/kWh

1

This does not even include the financing/opportunity costs of a good generator, that might cost up to R15 000. If this is financed over 5
years at 10% interest, then another R320 per month has to be added to the cost.

5

This implies that it might cost more than twice as much to run a generator than using Eskom power. And this is excluding
hidden costs for maintenance or the cost of capital to buy the generator in the first place.
The objective of this exercise is just to show you how you can determine the cost of electricity for you personally and then
to use that to compare it to alternatives. It is to enable you to compare apples with apples. If you find that the “network
price” and the alternative electricity price is the same, then we talk about “grid parity”. This is the point where “network
power” is no longer cheaper than your alternative. Logically this point of parity can be reached in two ways.
•In the first place, “network power” can become more expensive, as we have to expect in the case of Eskom's
price hikes.
•In the second place, the “alternative power” can become cheaper, also as we have to expect in the case of solar
power and battery technology.
The question is, therefore, where are we currently in relation to “grid parity”? The right way to answer this question is to ask
the question about every alternative in isolation. How many will any specific alternative that I consider today cost me in
terms of R/kWh? Is this alternative cheaper or more expensive than Eskom power and are the benefits worthwhile?

The most common ways to be less reliant on Eskom
There are several exciting alternatives that will now be discussed, since we can now generate new insight about the R/kWh
cost of energy as well as look at how we use energy. The aim of this guide is not to discuss exotic solutions but rather the
practical solutions that are readily available. The alternatives that most people are considering at the moment are:
1. Replacing the entire household's lighting requirements with low-energy 12 V direct-current LED lights running
independently on standby batteries
2. Using a petrol or diesel generator
3. Using solar water heaters
4. Thermal isolation of the house to reduce the need for space heaters or coolers
5. The step-wise investment in solar power panels (photovoltaic solar panels, standby batteries, inverters and
possible feedback into the Eskom network)
The values used are estimated values in order to help you along in your own investigation. There might be better and even
cheaper solutions in the market, but at least these values are realistic and conservative. The intention is to help you to see
the dangers of poor quality products and prompt you to ask questions about quality if the prices are very low, or to be
aware of possible exploitation if the prices are much higher. To determine these alternative costs we included opportunity
cost or the “cost of capital” and, purely as an example, we used an annual interest rate of 10% over a 10-year period. Please
note that any shorter repayment period or different interest rate will change all these values.
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A summary of the estimated costs
Once off
Cost

R/month

12 V-LED with Batteries

R 10 000.00

Isolation

R/kWh

kWp
Available

Battery
reserve

Peak Power
of Solar Panels

kWh
per day

Hours of
peak sun

R 132.15

4.41

n/v

1.2

n/v

1

n/v

R 14 000.00

R 185.01

3.08

n/v

n/v

n/v

2

n/v

Power generator

R 16 000.00

R 211.44

4.92

3

n/v

n/v

0.86

n/v

Solar heater

R 27 000.00

R 356.81

1.70

n/v

n/v

n/v

7

n/v

3kWp 1.2KWp Solar

R 56 000.00

R 740.04

4.11

5

0

1.2

6

5

5kWp 6kWh Battery
1.2KWp Solar

R 86 100.00

R 1 137.82

6.32

5

3.12

1.2

6

5

3kWp 2.88KWp Solar

R 87 500.00

R 1 156.32

2.68

5

0

2.88

14.4

5

5kWp 12kWh Battery
2.88KWp Solar

R 149 400.00

R 1 974.33

4.57

5

12.48

2.88

14.4

5

5kWp 6KWp Solar

R 174 500.00

R 2 306.03

2.56

5

0

6

30

5

5kWp 24kWh Battery
6KWp Solar

R 280 300.00

R 3 704.19

4.12

5

24.96

6

30

5

(10% interest
over 10years)
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12 Volt-LED Lights with battery standby
Description

Cost

R 10 000

Instalment

R 132.15

R/kWh

4.41

R/kWh

Interest

10 %

per year

10

12 instalments per year

Repayment

System details:
kWp

n/v

Peak power of inverter

kWh

1.2

Battery reserve

kWp

n/v

Peak power of solar panels

kWh/day

1

Average daily generation

Peak sun

n/v

Hours of peak sun

If you plan to convert your entire home to high-efficiency lighting that uses 12 V battery power that can run for at least 10
hours before it needs to be recharged, then, as a very rough estimate, it might cost you in the region of R10 000. (This is
calculated for 16 LED lights at an average of R250 per installed LED, that will be used for an average of 6 hours per day. It
includes a battery and dedicated charger that are connected to the network.)
Please note that this system can be installed step by step with a relatively low initial investment. Do not invest in equipment
like a “too small” battery or a charger that will need to be replaced in the future as the system grows. It is even possible to
use batteries and chargers that you might already have, and only replace them later on.

Power Generators
Description

Cost:

R 16 000

Instalment

R 211.44

R/kWh

4.92

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

System details
kWp
kWh/day

3

Peak power of generator

0.86

Average daily generation

Because generators use so much petrol or diesel during operation (a continuous cost that is dependent on specific
consumption) and are rather expensive to procure (one-off cost), the actual cost is difficult to calculate. For instance, if the
generator runs for two hours, three times a week, it generates an average of 0.86 kWh/day. The petrol or diesel cost is
estimated at R4.92 per kWh and the procurement cost for a R16 000 generator will mean an additional R8.22/kWh.
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Solar heaters
Description

Cost

R 27 000

Instalment

R 356.81

R/kWh

1.70

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

System details
kWh/day

7

Average daily generation

A solar heater of R25 000 (plus R2 000 for installation) that will have at least 250 litres of hot water available for a household,
can replace up to 90% of the energy requirements of a normal resistance electric water heater. From the table above it
seems that, if you manage to save 7 kWh per day, the cost of buying and operating a water heater comes very close to the
cost of Eskom electricity. This might be the only alternative that is already close to grid parity!

Thermal isolation of ceilings, windows etc.
Description

Cost

R 14 000

Instalment

R 185.01

R/kWh

3.08

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

Isolation refers to well-known aspects like geyser blankets (additional isolation of hot-water tanks) and isolation in the
ceilings, windows, doors and even walls to prevent heat escaping from or entering your house. In the winter you want to
keep the heat in and in the summer you want to keep the heat out. It can cost up to R70/m2 for isolation, which means R14
000 for 200 m2 of isolation.
Just like the 12 V LED lights, the advantage of isolation is in energy savings and not alternative generation. In the end this will
reduce the amount of energy you will be buying from the network or generate with your own alternatives. The big
difference in the case of isolation is the fact that it reduces the need for very high peak energy equipment like heaters and airconditioners. This reduces the dependence on high peak energy equipment and makes it easier to replace. The potential is
that, for an investment of R185 per month, you will effectively require a smaller generator or a smaller solar power system.
This is certainly an option to consider. (Please note that a very conservative cost for isolation was used for this illustration,
and larger houses will need more isolation, but it also can save more energy.)

Solar power
As far as photovoltaic solar power is concerned, there are systems that are used directly without any battery backup or
those with battery backup. In this overview we will look at systems ranging from cheap to expensive. This will be systems that
can replace 20%, 50% or 100% of your electricity consumption. The details and assumptions follow in Section B. (All these
calculations include installation costs.)

20% replacement of consumption
1.2 kWp solar power with “Grid Tie” inverter and “Feedback meter”
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Description

Cost

R 56 000

Instalment

R 740.04

R/kWh

4.11

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

System details
kWp

5

Peak power of inverter

kWh

0

Battery reserve

kWp

1.2

kWp/day

6

Peak power of solar panels
Average daily generation

Peak sun

5

Hours of peak sun

Cost

R 86 100

Description

Instalment

R 1 137.82

R/kWh

6.32

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

(~20% of daily consumption)

1.2 kWp solar power with battery backup

System details
kWp

5

Peak power of inverter

kWh

3.12

Battery reserve

kWp

1.2

kWp/day

6

Peak power of solar panels
Average daily generation

Peak sun

5

Hours of peak sun

(~20% of daily consumption)

10

50% replacement of consumption
2.88 kWp solar power with battery backup

Description

Cost

R 149 400

Instalment

R 1 974.33

R/kWh

4.57

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

System details
kWp

5

Peak power of inverter

kWh

12.48

Battery reserve

kWp

2.88

kWp/day

14.4

Peak power of solar panels
Average daily generation

Peak sun

5

Hours of peak sun

(~50% of daily consumption)

100% replacement of consumption
6 kWp solar power with “Grid Tie” inverter and “Feedback meter”

Description

Cost

R 174 500

Instalment

R 2 306.03

R/kWh

2.56

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

System details
kWp

5

Peak power of inverter

kWh

0

Battery reserve

kWp

6

kWp/day

30

Peak power of solar panels
Average daily generation

Peak sun

5

Hours of peak sun

(~100% of daily consumption)
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6 kWp solar power with battery backup (completely free from Eskom!)

Cost

R 280 300

Instalment

R 3 704.19

R/kWh

4.12

R/kWh

Interest

10 %

per year

Repayment

10

12 instalments per year

Description

System details
kWp

5

Peak power of inverter

kWh

24.96

Battery reserve

kWp

6

kWp/day

30

Peak power of solar panels
Average daily generation

Peak sun

5

Hours of peak sun

(~100% of daily consumption)

As the shock of the costs of these systems sinks in, just remember the big excitement about solar power is that everything
seems to confirm that solar power will reach grid parity in the near future and will then be cheaper per kWh than Eskom
power! For this reason we suggest a strategy that starts with a small system that you expand each year. This will give you the
opportunity to become partially independent while you exploit the benefit of falling prices. All this while you cut your
Eskom account every year.
All the values used above are based on relatively conservative calculations for solar power systems of high quality that will
almost certainly ensure 20 years of reliable power supply. However, this also clearly shows that the cost of solar power or
photovoltaic electricity is still very far from grid parity in South Africa, but certainly much closer than it was last year.
In the end, the tables above show you that for an investment of approximately R86 100 you will easily generate 6 kWh per
2
day and have at least 50% (3.12 kWh) in batteries to use when the sun is not shining . This is certainly enough to let you have
lights and even watch TV if Eskom is unable to supply you with electricity. The big advantage of a system like this is that every
kWh that your solar panel generates is potentially available for your own consumption and you will only rely on Eskom for
additional consumption. The saving of a system like this is typically 6 kWh of an average 30 kWh per day. This is 20% of your
daily electricity account as well as the peace of mind of backup power. Without battery backup the same saving might be
achieved for a cost of approximately R55 800.
It should also be realised that the bigger an initial investment is, the lower the R/kWh cost of that system becomes. It
therefore gets closer to grid parity because of economies of scale. These economies of scale create an opportunity for
communities to plan and work together when they consider alternative energy.
In the end it is important to note that the cost of photovoltaic systems tends to go down and that of Eskom power tends to
go up.

2

This is for a system that, after all system losses (20% losses), will still ensure 1.2 kW for an equivalent of 5 hours. This means that the
actual system classification should be 1.5 kW. The losses of 20% have been taken into account for all the R/kWh classifications.
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Section B: Steps to take on your way to an electricity
solution
In this section we will discuss independent electricity in as much detail as is required to put you at ease with the plan you
might want to put in place. It is not our intention to make decisions on your behalf, but it will help you to ask the right
questions and allow you to make informed evaluations of alternatives.
To plan is to create lists… to tear them up… and to start all over again … until you are satisfied with your plan. For this
reason we will jump in and ask the following questions:
1.
2.
3.
4.
5.
6.
7.

Question 1: How much electricity are you consuming on a daily basis?
Question 2: Which of your household equipment can be utilised more efficiently?
Question 3: Which of your household equipment can be replaced with more efficient equipment?
Question 4: Which alternative energy sources can you economically acquire?
Question 5: How much alternative (photovoltaic) energy would you require, initially and eventually?
Question 6: What equipment would you require to generate your own energy and how much does it cost?
Question 7: What would a typical budget for these plans look like?

Once you have generated lists with potential answers to each of these questions, the solution that might be the perfect fit
for you will become evident. If it does not happen, then at least you have good information that will help you to have
informed discussions with the “professionals”.
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Question 1: How much electricity are you consuming on a daily basis?
It might not be clear why every household should assess the amount of electricity that is consumed on a daily basis, but
there is a very good rationale. The reason is that electricity is not consumed on an average basis – energy consumption has
distinct peak demands (see the diagram).

From day to day and even from hour to hour we are using different amounts of energy. Much of our electricity usage is
hidden from us, because we don't know exactly when our electric equipment needs power and how much. This includes
those instances where the geyser demands peak power together with other high-demand equipment.
Just being aware of your own energy consumption patterns already means you have very valuable knowledge about your
household. But let us be honest with each other, there are very few people who have the discipline to make accurate
measurements of their electricity consumption – even though it is recommended. For this reason there is a much simpler
method to make an approximation of electricity consumption. The initial method would be as follows:
1. Start by compiling a list while you walk through each room in your house, listing all electric equipment being used.
(Remember the equipment in your ceiling and garage, like geysers, alarms, welding machines etc.) You can also
group all of these together by type.
2. Make a note of the power factor of every item of equipment. This usually is indicated on the equipment itself.
(Please remember that these values are just estimated values.)
3. Then you can estimate the average time that this equipment is used on a daily basis – hours used in a day.
4. Calculate the kWh per device by multiplying the kW by the estimated “running hours”.
5. Also calculate the total kWh per day.
6. Now you can compare the total that you calculated with your electricity bill. This should give you, in most instances,
an indication of whether your estimate is too high or too low.
7. Make adjustments to your estimates.
8. Based on your list as well as your electricity bill, decide what will be a “good” average consumption per day.
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Example of an electricity consumption list
Electric equipment
Light
Light
Light
Light
Light
Television
Video machine
DVD player
Satellite decoder
Hi-Fi
Radio
PC
Chargers
Pump
Lawn mower
Telephone
Kitchen
Fridge
Freezer
Freezer
Fridge/Freezer
Electric stove
Electric stove
Electric stove
Electric stove
Electric stove
Electric frying pan
Microwave oven
Kettle
Vacuum cleaner
Sewing machine
Dishwasher
Washing machine
Washing machine
Tumble dryer
Iron
Geyser
Electric warm blanket
Electric warm blanket
Electric heater
Electric heater
Electric fan
Hair dryer
Security system
Pump
Electric drill
Total kWh needed per day
kWh per month

Power consumption

Kilowatt

100 watt
75 watt
60 watt
40 watt
Low-energy light
Including backup

0.1
0.075
0.06
0.04
0.014
0.1
0.035
0.01
0.075
0.15
0.006
0.15
0.005
0.75
1
0.04

Cell phones etc.
.75 kW
Cordless

Chest
Upright
Combination
Small plate on high
Small plate on low
Large plate on high
Large plate on low
Oven (+/- 200 °C)

Warm wash
Cold wash

Maximum setting
Minimum setting
5-vane
3-vane

For swimming pool

Hours running
per day

0.1
0.15
0.2
0.21
1.5
0.355
2
0.5
2
1.5
0.8
3
1.8
0.07
2.7
1
0.5
3

0
0
0
0
6
8
0
0
24
2
4
4
12
6
3
24
0
24
24
0
24
0
0
0
0
1
0
1
0.2
0.29
0
1
0
0.43
0

0.75
1
0.05
0.015
3
1
0.07
0.5
0.025
1
0.25

0.2
4
0
0
0
0
0
0.5
24
0
0

Number
of devices
0
0
0
0
20
1
0
0
0
1
1
2
4
1
1
0
0
0
1
0
1
0
0
0
0
1
0
1
1
1
0
1
0
1
0

Total kWh
per day
0
0
0
0
1.68
0.8
0
0
0
0.3
0.024
1.2
0.24
4.5
3
0
0
0
3.52
0
4.96
0
0
0
0
2
0
1
0.6
0.51
0
2.7
0
0.21
0

1
2
0
0
0
0
0
1
1
0
0
kWh/day
kWh/month

0.15
8
0
0
0
0
0
0.25
0.6
0
0
36.05
1 081.58

From the example above it is clear that this household will need 35 kWh per day on average. After this estimate has been
made, you have to decide what the actual peak demand would be. This can be done by thinking about scenarios where
more than one of your high-demand items of equipment are used at the same time. Don't forget to add at least 1 kW for
the equipment that is running in any event. Examples might be:
1. Oven (3 kW) + geyser (2 kW) + hair dryer (1.8 kW) + continuous consumption (1 kW) = 7.8 kW
2. Kettle (3 kW) + oven (3 kW) + continuous consumption (1 kW) = 7 kW
3. Geyser (2 kW) + dishwasher (1.5 kW) + continuous consumption (1 kW) = 4.5 kW
This should make it clear that peak demand for most households can easily exceed 8 kW, if you are not looking at which
items of equipment are operating at the same time. This is usually a very dramatic rise in energy demand for a relatively short
period, and it certainly has a very large influence on the type of plan you will have to make when you want to be less
dependent on Eskom power. This is usually the most difficult and most expensive part of your electricity demand to replace
with alternatives.
For this reason it is necessary to approach a self-sufficient energy solution from two directions. On the one hand you have to
adopt a completely new and self-sufficient lifestyle to ensure that peak demands are reduced, and on the other hand you
have to reduce or optimise the continuous demand. This approach is beneficial for many reasons, such as:
•The lower your peak demand, the more benefit you will be able to extract from any generation system you might
want to install.
•From the experience of many people who have already achieved partial or total electricity self-sufficiency it is clear
that there simply is no small-scale system available that economically supplies high peak demands. If you reduce
your peak demand, you might become independent of Eskom sooner rather than later. (In the following sections
we look at what is available and what can be achieved economically – there is good news!)
•The lower your overall demand, the easier it will become to generate surplus electricity to maybe sell back to the
grid one day.
•If you get to a point where you experience the same level of comfort by using less energy, you will also get to a
point where you release more energy to other parts of the economy and by doing so you will contribute to the
well-being of your community and your country.
After having worked through this list, you should have a good idea of your average and peak electricity needs. Next, we can
systematically look for room for improvement.
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Question 2: Which of your household equipment can be utilised more efficiently?
If we discuss plans about the efficient utilisation of existing equipment, we usually also imply commitment to change our
behaviour. This entails the usual things like switching off lights when they are not needed, not to let the oven heat up for too
long before using it, etc. Apart from these kinds of behaviour changes there is a very important aspect to take into account
and that is to look at the total flow of energy into and out of your house as a whole. This diagram shows what the typical
energy flows might look like.
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Let us create a list of energy flow aspects that can improve our overall energy consumption, maybe even without
having to buy new equipment.

Energy flow savings

Actions that can be taken

Heat loss / increase
through the ceiling

The ceiling can be covered with
isolating material – this can be done
on your own or by professionals.

Heat loss / increase
through windows and doors

·•Windows can be opened or closed
more strategically.
•Openings that cause a draft of warm
or cold air can be closed.
•Plants can be used to create
strategic shades.
•Shading structures can be installed.

Aspects to consider
•In South Africa we have, in general, a
very temperate climate, which means
that most of us live in an almost
“Goldilocks” climate – neither too hot
nor too cold.
·•Determine for yourself how much
you have to make use of space
heaters or coolers. This is any heating
or cooling required inside your house
to make it comfortable.
•If your house needs cooling or
heating most of the time, you need to
do something about the flow of
energy into and out of your house.
•There is professional assistance
available to ensure optimum or
improved energy-efficient homes, but
common sense also goes a long way.
•Building regulations have already
become much stricter with regard to
energy efficiency.

Peak energy demand

•By changing the household
behaviour, peak energy demand can
be dramatically reduced.
•Time switches can be of great
assistance in this regard.

•Don't use the oven and the
hairdryer at the same time.
•Don't switch the oven on to heat up
and then not use it as soon as it
reaches baking or grilling
temperature.
•Take a bath or shower long before
or after the oven will be used.
•Don't use the dishwasher at the
same time as the oven or geyser.
•Don't let the swimming pool pump
work at the same time as the oven or
when you shower or take a bath.
Find the behaviour that causes peak
demand and try to devise a plan to
reduce the demand.

Heat loss from
hot-water tanks

•Install geyser blankets for optimal
isolation.
•Lower the running temperature to
60 or 55 degrees Celsius.
•Rather use in-line gas or electric
water heaters, especially if you are
not using a lot of hot water.

•Plan your saving with regard to heat
loss from water tanks as part of a
bigger plan. If you plan to replace your
geyser in the near future, it will be
uneconomic to buy a geyser blanket.
•If you operate your geyser at lower
temperatures, you usually still save
energy even though you use more hot
water.
•If your geyser is too small, it might
not be wise to lower the temperature
– rather experiment with the lowest
temperature that is operationally
viable.

This list should put you on track to create a comprehensive and ongoing plan to optimise the energy flow of your
house and it will reduce your average and peak demand.

18

Question 3: Which of your household equipment can be replaced with more efficient
equipment?
Most modern households have already started to improve the energy efficiency of their equipment in general, without
even being aware of doing it. If you replaced a fridge, freezer, TV, air-conditioning, geyser etc. within the last three years,
chances are very good that you already bought a much more energy-efficient piece of equipment. But there might still be a
whole list of equipment that leaves you with an opportunity to improve.
Without making the list on your behalf, let us just discuss some equipment that can be considered. The aim is not to do indepth product research, but simply to show what is typically available and also what to look out for when you evaluate
more efficient equipment. From the outset you have to ensure that any purchase fits into your “master plan” and “general
budget”, but this will be discussed in more detail at a later stage. Now we will look at potential energy savings:

Television sets
Old TV sets generally use a few hundred watt of electricity, while modern TVs use less than 200 W in some cases. See for
yourself if there is an energy saving to be made, but remember that a TV does not really contribute to the peak demand and
will not really influence the size of a generator or solar panel solution you might consider. It might be a saving, but almost
certainly not the type of saving that “pays for itself in two years”. Maybe you will save energy simply because you really want
to have that amazing new HD screen!

Water heaters
Now this is an area where you potentially can make a big improvement to your energy demand. In general, most
households still use electric geysers that heat up 150 or 200 litres of water to 70 but preferably 60 degrees Celsius, by
means of a resistance electric element that uses 2 kW power. Many households have several geysers that need power at
the same time of day. The options for improvement that can be considered are:
•Solar heaters with in-line gas heaters
•Heat pumps, with or without in-line gas heaters
•If you don't need a lot of hot water, then simply an in-line gas heater might be the solution.
There are also options that include coal-fired water heaters, like the ones used in old farm houses and informal housing, but
we just mention them in passing.
When it comes to solar heaters, there are proven technologies available and the best advice is to make use of a well-known
manufacturer and to talk to people who have experience of using those systems. Then there is always the internet, which is
an invaluable source of information about various systems and installers. Keep asking about tax incentives, cash rebates and
discounts, even though the Eskom scheme has ended abruptly.
There is a very good reason why a combination of a solar heater and an in-line gas heater is a good idea. It is because all solar
heaters have two major challenges:

• If the sun does not shine and/or it is a very cold day you will most probably have to take a cold bath or you
would have to make use of an alternative heating source, and this again might increase your peak demand. An inline gas heater will therefore be a good candidate to reduce that peak demand for good. The amount of gas that
might be required will only be to heat water that falls below the comfort temperature, usually after all the kids
have had their bath or shower – certainly worthwhile! It is therefore a good strategy to combine your solar
heater from the outset with an in-line gas heater and not a solar and electric combination. Decide for yourself
what makes more sense. If you are not using gas already in your house, this might not be a viable option. The
principle remains to try to reduce your peak demand.
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•In South Africa there are often situations where the sun is “too efficient” for what we require for our baths and
showers. It is a fact that solar water heaters can easily raise water temperatures to above 80 degrees Celsius! This
is an eminent danger to your safety and you have to ensure that any system you buy has a safety mechanism that
mixes in cold water before it reaches the hot-water tap.
Fortunately there is another very good alternative, a heat-pump water heater. Modern heat pumps are very energy
efficient.
Heat pumps work by using heat exchange technology to extract heat from the environment to heat up a tank of water to
60 degrees Celsius. Heat pumps in general use only a third of the energy of a normal electric geyser. It is true that a heat
pump might take too long to heat up your water when it is cold, maybe at night. For this reason it is advisable to use a large
storage tank that stays heated or maybe also to use an in-line gas heater. Then there is the fact that heat pumps need annual
maintenance inspections to ensure the heat exchange gas and the compressor are in good condition.
Any plan to become energy efficient has to look at water heating. It is therefore a common strategy to include the best
water heating solution at some point in your “master plan”.

Swimming pool filtration pumps
Another large energy glutton in some South African households is the swimming pool filtration pump. The problem is
twofold: the pump has to run for many hours to effectively clean your pool, and most pumps still use around 1 kWh. The
good news is that much more efficient pumps have been available for some time. It is therefore recommended to consider
a pump that uses less than 500 kW.

Lighting
We can end this discussion by considering lighting. Most people have already changed over from resistance bulbs to plasma
type globes. In general, this is a very good improvement of energy efficiency, but it is also not the most efficient on the
market anymore. The best system that seems to be available at the moment is 12 V LED lights that come in a variety of
shapes and sizes. Some of them can be installed in a normal 220 V socket, but a large number of them require a 12 V
transformer for direct-current supply. When it comes to lighting, there is a very useful secret to take into account. If you
plan to start using batteries as part of a solar system, it makes sense to try to use as much direct-current equipment using 12
V or 24 V. The reason for this is that you might save up to 30% of the charge in your batteries if you don't need to invert the
direct current to alternating current. Keep this in mind when you plan a new phase in efficient lighting.
Every household has unique equipment that is either energy efficient or not, and it is strongly recommended to plan for
such equipment to be replaced – if it can be done economically. If it remains unfeasible to replace equipment, it only means
that you have to find other ways to meet your electricity needs.
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Question 4: Which alternative energy sources can you economically acquire?
Many of us might remember our grandfather or father or uncle having trouble starting the big generator on the farm in the
days when most farms were still without Eskom power. Maybe some of you have an “off grid” vacation retreat. To be
independent of Eskom was possible in the past and the modern world has not stagnated with those old generators. On the
contrary! The worldwide movement to find alternative household energy sources is becoming one of the biggest new
energy economies. Let us quickly discuss what seems to be the “big heroes” of this modern alternative energy in the domain
of households.

Technology

Pros

Cons

Wind turbines

Can potentially generate large
amounts of energy with one single
installation.
It seems to be optimised for large
megawatt installations.
Can be installed off-shore.

This can be the most unpredictable
energy source. It is a noisy installation
for residential applications. The
mechanical parts have to be
maintained regularly and are more
liable to fail. Large parts of South Africa
do not have enough wind – mainly the
coastal areas have sufficient wind.

Small-scale hydro-turbines

These can be scaled from a few watt
to hundreds of kilowatt. The
mechanical conversion to electricity is
very efficient. This is a good solution in
areas with enough water available that
can flow safely through the turbine
with between 2 m and 30 m height
difference.

This technology requires large
amounts of water, which is usually not
available in residential areas.

Geothermal energy

Geothermal energy is a very good
way to regulate your household
energy.
Places with high-temperature
geothermal water available can use it
for both heating and power
generation.

Energy regulations in South Africa do
not cater for large-scale geothermal
energy, which seems to indicate that if
you intend using geothermal energy
you most probably will be a trailblazer
with all the risks involved.

Photovoltaic electricity

Prices for photovoltaic (PV) systems
are dropping drastically.
Systems that generate up to 8 kW are
becoming commonly available.
South Africa has some of the best
access to solar energy regardless of
where you stay in this sunny country.
PV systems can be developed in a
modular fashion to exploit the
expected year-on-year reduction in
prices.
There is already proven technology
that is in fact still improving.

You will have to store electricity in
batteries and their prices are not falling
as sharply as those of the PV panels.
You have to have existing or new
structures that are exposed to full sun,
preferably without any shades during
the day, because any shade has a
dramatic impact on the performance
of the system. During peak PV
generation most households are not
experiencing peak consumption of
electricity, and therefore it has to be
stored in expensive batteries, instead
of selling it to the network – however,
this might change in the near future.
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Petrol or diesel generator

The efficiency of modern generators
has improved.
Direct-current inverter generators
are becoming more affordable and
supply safe high-quality electricity.
Petrol or diesel generators are ideal
backup generators for when there is
no network power or not enough
stored energy in a battery bank.

Petrol or diesel is generally too
expensive and the generator too
noisy to be used as a permanent
power supply for your household.
Petrol or diesel has to be stored on
your premises.

From this table is should be clear that it seems as if South African households are left with one clear energy hero, namely
photovoltaic (PV) electricity with a petrol or diesel generator as backup. The other technologies have potential for other
applications in agriculture, industry, office buildings etc. Anyone interested in the subject can delve into an ever increasing
body of knowledge on this subject.
Let us now discuss in more detail what it will take to make use of PV electricity.

Question 5: How much alternative (photovoltaic (PV)) energy would you require,
initially and eventually?
The effort to determine how many PV panels, which generator and how many batteries you would require, initially and
eventually, has to do with where you want to start and finish. To assist with this we will first look at the things you have to
calculate to size a system that is actually completely independent of Eskom. If you have that picture you will know what the
ultimate end point might be, and from there it will be easy to work back to a system that suits your budget.
Calculating the size of a system you would require should actually be easy, based on the demand you have already
determined when you estimated your household demand. Another factor is the general sun exposure of the structures
you already have or have access to. If your house is in shade for most of the day there is unfortunately bad news. But you
might still have other opportunities in a community setting where you share sun exposure with other people. The most
important thing is not to give up, there is always a way.
There are two main PV configurations, but they can be mixed and matched in many different configurations. The first is a
network-connected system without any batteries that uses Eskom energy when the sun is not shining. The second is a
system not connected to the network, with battery backup for own use when the sun is not shining.
Let us assume for this section that your house and/or stand has enough sun exposure with a north-facing view. In that case
the list for complete network independence might look as follows:
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Description

Unit

Total kWh required per day
This is the total per day and in this case it is the average annual demand based
on a typical electricity bill from a municipality.

kWh/day

Total average system losses as %
A conservative average for system losses might be 20% for the following
reasons:

% losses

•Losses due to clouds and variable sun exposure ~9%
•Losses due to conversion from DC to AC ~6%
•Losses due to battery charge and discharge ~5%

Peak energy supply
Supply in peak demand is to ensure that your inverters will be able to supply
sufficient power.

Average sun exposure per day
It is better to use a low average to ensure design capacity is reached in less than
optimal environmental conditions. There are more detailed sun exposure charts
available on the internet.

kWh per solar panel
The PV panel must be selected based on the guaranteed classification. Make sure
the classification is clearly stated as the actual tested classification. (More on this
below)

Number of panels required
The number of panels is calculated based on the total kWh needed to be
generated during sun exposure. In this case it needs to generate 30 kWh during a
5 hour exposure.

PV peak classification of the system
The classification of the system is usually determined in detail by your
supplier/installer, but you can already calculate an estimate based on your
requirements.

Quantity

30

20%

kW

5

h

5

kW/panel

0.3

Panels

25

kWp

6

m^2

32.5

%

83.1%

Area of maximum sun exposure
This is calculated based on a typical panel of 1 m by 1.5 m.

% kWh that needs to be stored when the sun is not shining
Because of the relatively high cost of batteries with an acceptable lifespan we are
going to assume that a generator will be used in cases where the sun did not fully
charge the batteries or unexpected high consumption is experienced. Therefore,
only 83.1% of total daily demand will be stored. Remember not to buy batteries
that your system will not be able to charge.

Volt classification of the batteries
The volt classification of the batteries must be in line with the equipment you
will be using and can be configured in different ways, in series or parallel, to
optimise the design.

V

12

Ah

260

%

50%

Units

16

The battery pack classificationThe classification is the kWh that has to be
available for discharge under normal operation. In this case it is classified as a
function of the normal use and not the maximum discharge capability. With this
battery pack you will be able to operate equipment with a total power of 2 kW for
at least 10 hours without discharging below 50% of the battery pack's limit.

kWh

25

Battery charge controller
For the charge controller it is advisable to use the largest possible (set of)
Maximum Power Point Tracking (MPPT) charge controller(s) you can afford, to
ensure that you will not have to replace it in future as the system grows.
The charge controller has to be able to transfer at least the maximum capacity of
the array of PV panels to the batteries. See the discussion on equipment below.

kWh or
Amp

100 A of
2*70 A

Ampère hour classification of the batteries
Cost will usually determine what batteries to use. See discussion on batteries
below.

Maximum discharge of batteries
To ensure optimal battery life, batteries should never discharge below 50%
during normal use.

Number of batteries required
The number of batteries is a function of the desired amount of kWh that should
be available as well as the 50% discharge that is allowed for under normal
operation.
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Inverter
With the inverter it is also good to plan for the best inverter that suits your
budget. It has to be a pure sine wave inverter.
In this list we will not consider the “grid tie inverters” because the intention is
at this stage not to feed back into the grid.
Ensure that the inverter that you buy can be used as a two-way inverter with
which you will be able to charge the batteries with AC current from the
network or a backup generator if it becomes necessary.

kW

5 kW

If you have completed this list with your own detail, you should have a good idea of which equipment in what quantities you
might need if you want to go (almost) completely off grid. It should be remembered that there are many permutations that
might be presented to you as a solution. That is why you have to know what your will require and what to look out for. Let us
try to answer this question now.

Question 6: What equipment would you require to generate your own energy and
how much does it cost?
The list of equipment that you might need to start yourself on the road to PV energy independence has a few critical
components:

Equipment
Solar panels

Common types available
in the market
•Mono-crystalline photovoltaic
panels
•Poly-crystalline photovoltaic
panels
•Amorphous photovoltaic panels

Discussion
•All new panel designs are able to
last for at least 25 years and retain
at least 70% of their initial
generation capacity.
•Typically, panel designers
guarantee 80% generation
capacity after 10 years.
•PV panels require almost no
maintenance except to be cleaned
when they are really dirty.
•Monocrystalline PV panels usually
are the most efficient panels, but
polycrystalline panels are very
close to the same performance.
•For applications in South Africa it
has been found that polycrystalline
panels' losses due to heat on the
crystals is less than that for
monocrystalline panels.
•In South Africa the
monocrystalline panels might
perform better early in the
morning and maybe the afternoon,
but the policrystalline panels might
perform better during the heat of
the day.
•Amorphous panels are much less
efficient in general and only have
an advantage when only part of the
panel is exposed to the sun. They
may be more suitable for some
European applications.

Recommendation
•It is very important to budget for
good quality panels from reliable
manufacturers.
•A better panel might be more
expensive but if the build quality is
good, it will protect your 25 (plus)
year investment.
•Ask for references of installations
that have been in operation for at
least 5 years and have a personal
discussion with the owners to
confirm the quality of the product.
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Batteries

•Lead-crystal batteries
•Lead-acid batteries
•Lithium ion batteries

•The challenge with most battery
technology is the fact that the
chemical composition has to retain
good properties and will ensure a
long battery life.
•If batteries discharge to supply a
large energy demand like that of a
household, then it asks for the best
possible technology to prevent
disappointment.

•Lead-acid batteries are not very
resistant to damage due to deep
cycle discharge that will be typical
for supply to a household.
Therefore, the battery life is not
the same as for the other newer
technologies.
•It seems as if lead-crystal batteries
are the best candidates when it
comes to price and performance.
•Lithium ion batteries are most
probably the best commercialised
technology and have to be
considered, especially when prices
start falling.

Charge controllers

•Maximum Power Point Tracking
(MPPT) charge controllers
•Pulse Width Modulation
(PWM) charge controllers

•Charge controllers can be bought
as a combination with an inverter.
•PWM controllers are up to 30%
less efficient than MPPT
controllers.
•MPPT charge controllers can be
used to charge very large battery
packs.

•Plan to buy the largest MPPT
charge controller you can afford.
•Calculate your largest future
system and plan what will be the
best system of controllers.
•Don't even consider a PWM
charger for any other than small
unimportant systems.

Inverter

•Pure sine wave inverters
•...the rest.

•There is a large variety of
inverters on the market, but the
industry standard seems to be a
pure sine wave inverter.
•There are inverters that are
integrated with MPPT charge
controllers.
•There are two-way inverters that
can also charge your batteries with
power from the network or from a
generator.
•An important development to
look out for is solar panels that
have their own “micro inverters” –
the advantage is…

•Plan to buy the largest possible
inverter that can actually supply
your peak demand even though
your system might only be able to
achieve full utilisation of your
inverter in the future.
•An inverter that can be
connected to the network and/or
a generator is highly
recommended if you can afford it.
•An alternative is to divide your
demand and systematically
procure more than one inverter.

Grid Tie Inverters

•Pure sine wave inverters

•In the case of inverters that can
feed power back into the grid,
regulations and standards should
be the determining factor.

•Ensure the “Grid Tie” inverter
that you buy is of good quality and
complies with all the regulations
issued by NERSA, your
municipality and Eskom.

Question 7: What would a typical budget for these plans look like?
Earlier in this guide we discussed costs based on estimates for good quality equipment. In this section we will give a more
detailed description of those costs. Remember that the estimated values will most probably be higher than what you
yourself would find, because we used some of the best equipment available and prices still seem to be falling in general.
It remains important to focus on affordability: the joy of being energy self-sufficient must not be undermined by
unaffordable instalments.
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Equipment

Unit price

Quantity

Subtotal

25

R 92 500

1.

300 W photovoltaic solar panel

R 3 700

2.

5 kW 48 two-way pure sine wave inverter
and charger

R 22 000

3.

100 A photovoltaic MPPT charge controller

R 11 000

4.

260 Ah 12 V AGM deep cycle battery

R 5 300

16

R 84 800

5.

Corrugated roof panel clamps

R 550

25

R 13 750

6.

Tiled roof panel clamps

R 700

7.

Flat roof panel clamps

R 1 500

8.

48/5000/70-100/100 pure sine wave inverter
and charger

R 41 000

1

R 41 000

9.

70 A photovoltaic MPPT charge controller

R 11 000

2

R 22 000

10.

Cables and connections

R 250

25

R 6 250

11.

3 kW single-phase "Grid Tie" inverter

R 18 500

12.

5 kW single-phase "Grid Tie" inverter

R 30 500

13.

"Grid Tie" power meter

R 5 000

14.

LED

15.

Single battery charger

R 1 500

16.

100 Ah 12 V battery

R 2 500

17.

Generator

R 15 000

18.

Solar water heater

R 25 000

19.

Installation cost

R 20 000

1

R 20 000

R 250

Total cost

R 280 300
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Conclusion
There are no insurmountable political, economic or social reasons that stand in the way of becoming self-sufficient in your
supply of energy. Energy supply to a community will always have the moral high ground because of its fundamental
contribution to upliftment and progress.
Useful energy is one of the most fundamental aspects that directly impacts on most of our modern challenges. This can be
illustrated by considering the fact that if there is an abundance of useful energy available, then:
•Deserts can be turned into one big oasis
•Sea water can be desalinated in copious amounts
•Fresh water can be pumped or channelled across continents
•Enough steel and concrete can be manufactured
•Datacentres can keep on distributing human dreams and ideas!
It is therefore our sincere hope that this guide, together with the ideas from KragDag as well as the good ideas chatted
about at a “lekker braai”, will be turned into “Useful Energy”!

