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INTRODUCTION
THE ELECTRICITY SUPPLY PROBLEM IN SOUTH AFRICA

In Section A of the Common Task for Assessment,ange going to consider the energy that
South Africa produces and consumes. As you kna@mfon-going reports, and the power-
outages you have probably experienced, South Afresaa problem in supplying all its energy
requirements, especially its electrical energy. akéenot alone in this.

The annual energy consumption in South Africa iSmeted at just over 400 ¥.JIn other
words, South Africa consumes 400 000 000 000 Q&fCedergy in 1 year.

Where does all this energy come from? Most of gupplied to us by the electric grid.
Of all the electricity produced in this country,calb 90% is coal-based, nuclear power accounts
for about 6%, and hydroelectricity including pumpmtorage schemes for 4% .

It is very important to understand that while aledty can be "made”, energy cannot be created
OR destroyed. Therefore, the electrical energy e comes from an energy source and is
converted to another form of energy.

Relevant information

Energy - the ability to do work

Power - the rate at which energy is used
watt - the unit of measurement of power
joule - the unit of measurement of energy

Kilowatt hour

the unit of measurement of electrical energy
(1kwh = 3 600 000 J = 3 600 kJ)

! From the Dept of Environ Affairs and Tourism websit
http://enviroindicator.deat.gov.za/cocoon/indb/doxDetails?id=231 January 2008)

2 http//www.eskom.co.za/live/content.php Category 95€28 April 2008)
http://images.google.co.za/imgres?imgurl=http://wises.org/sepconew/Pages/CountryCaseStudySA/5mpd&af
url=http://www.ises.org/sepconew/Pages/CountryCasBSA/2.htmI&h=487&w=688&sz=255&hl=en&start=11&
tbnid=R9iyJpNtzXCg4M:&tbnh=98&tbnw=139&prev=/imadé8Fq%3Dpower%2Bstations%2Bsouth%2Bafrica%
26gbv%3D2%26h1%3Den%26sa%3D&cessed 8 feb
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TASK 1 Coal-Fired Power Stations

So, how does a coal-based power station work?

This simplified diagram shows a typical coal-firedpower station producing electricity.

In a coal power station, coal is delivered to tlever station. (Often Eskom builds its power
station next to coal mines.) The coal is crushed small pieces and then ground into a fine
powder. The coal powder is transported from theagi® area (1) to the boilers (2). Here the
coal is burnt to generate heat which boils watetenrnigh pressure in the boiler tubes (3). This
produces high pressure steam (4) which is takepifgs to the turbine (5) where it is used to
turn the turbine (6) at high speeds. From the t@bihe steam enters the condenser (7) where it
is cooled back into liquid water. (This also hetpscreate low pressure, which improves the
flow of the steam through the turbine). The wadahen returned to the boilers.

The turbine shaft is used to rotate the large magi® within coils of wire (9) which form the
main parts of the generator (8 - 10). The fore&dffrom the north to south poles of the magnet
‘cut’ the wires in the coil and so produce a cutrerso the energy needed to spin the magnet in
the coils of wire comes from the heat produced bsnimg the coal. A giant power station can
burn about 350 tons of coal per hour, generatdraliyg of about 25,000 volts but for efficient
transmission over long distances the voltage iseased by transformers (11) to 275,000 or
400,000 volts.

The voltage is reduced by other transformers (82)32,000 volts for local transmission and
reduced still further for distribution to consumextssuitable voltages 33,000 volts for heavy
industries, 11,000 volts for light industries ar&D2 240 volts for homes and farfs.

3 <www.vauxhallsociety.org.uk 15 feb 08)
* Coal book (Coal Science Teaching Resource Padkedeced versionPhoenix Programm&he Radmaste Centre)
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Activity 1.1

Use the above information and Appendix 1 and 2 agep 27 and 28 to answer the
following questions. The completed activity will hesessed by your educator.

1.1.1 What turns the turbine in the electricity gowtation? (2)
1.1.2 Explain briefly where the steam comes fromh laow it is formed? (2)
1.1.3 Name TWO advantages of condensing the steaknibto liquid water. (4)
1.1.4 Where is the electricity actually generated power station? (1)
1.1.5 Explain, briefly, in your own words, how tékectricity is obtained. 3)
1.1.6 Why are power stations often built right néxtcoal mines? (See Appendix 1
page 27) €))
1.1.7 Why is coal crushed and ground into a fineger before it is blown into the boiler
furnaces? (2)
1.1.8 What is the function of a transformer? (2)
1.1.9 What is the voltage of electricity suppliechbuses in South Africa? (1)
1.1.10 Give the sequence of steps involved in geimegr electricity in a coal-fired power
station. (20)
1.1.11 Name 5 municipalities that own power staio(See Appendix 2 on page 28). 51 (5)
35

Look at the two diagrams given in Appendices 1 andAppendix 1 shows the coal mines in

South Africa. Appendix 2 shows the location of gfmver stations in South Africa. You can

see that the coal based power stations are all ceedrmines. You can also see that power
stations which are not near a coal source use wataiclear power.
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Activity 1.2

Instructions

Write your answers to this activity in the spacesvjgled in this booklet. Your answers will be
checked by a peer, but there are no marks to beaadid.

Background

Coal consists of long carbon based molecules. ®Wesimplify its reaction with oxygen by
looking at the reaction of simpler carbon basedemakes.

Consider methane burning in air:

methane + oxyge® carbon dioxide + water

We can use 'magic spectacle' (wh repiesenarbon atom@ a hydrogen atom .
an oxygen atom) drawings to represent this reaction

Lo @0 00O - P
From the above diagram, we can see that the methalezule is drawn as:

“r

Also, its chemical formula is C{imeaning that each molecule consists of 1 carbom and 4
hydrogen atoms.

Questions

1.2.1 Redraw the oxygen molecule

1.2.2 Give its chemical formula

1.2.3 Which of the products in the diagram ioardioxide?

1.2.4 Give the chemical formula for water.
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Now look at the diagram again:

This is a good picture of the burning of methand,ibis not a complete picture. Using tleét
of the picture (before the arrow), count (and wditsvn) the number of ...

1.2.5 C atoms:

1.2.6 H Atoms:

1.2.7 O atoms:

On theright of the picture, count (and write down) the numder..

1.2.8 C atoms:

1.2.9 H Atoms:

1.2.10 O Atoms:

But we know that a chemical reaction does not ereatdestroy atoms, it merely changes their
arrangement. So we need to be able to represemhtmical reaction in a more complete way
that keeps the number of atoms of each type canstan

We have 4 atoms of hydrogen on the left of thevarsmo we need 4 atoms of hydrogen on the
right of the arrow; But on the right, the hydrogaioms are found only in the water molecule.
So we need 2 water molecules:

.(:).+“®.QQ . Po P

On the left of the reaction now: On the rightloé reaction now:
C atoms: C atoms:
H Atoms: H Atoms:
O atoms: O atoms:

Now we must balance the oxygen atoms — they occlyrio the oxygen molecules on the left,
so we must add another oxygen molecule:

.<:>.+~+“®m +’ ’

We can also write this as:

.(:>.+2.. @O0 2o
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Burning methane releases energy because therssishemical energy stored in the water and
carbon dioxide molecules than in the methane aydexxmolecules.

More information

Coal is a mixture of lots of molecules, most of ekhare based on carbon and hydrogen atoms
only. The burning of these molecules is very samilo what we have already discussed.

However, coal can provide some problems in tharoftaces of sulphur compounds are found

in the coal. When these burn, they release sulgimxide as a pollutant. We can represent this

Q.Q®.C>Q

Sulphur dioxide is a problem because it contribtescid rain. A typical 500 MW coal power

station produces around about 10 000 tons of suldloxide (the amount depends upon the
guality of the coal that is used.) The sulphuxatie reacts with water and oxygen in the air to
produce sulphuric acid. Nitrous oxides and asho#tter major potential pollutants from power
stations.
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TASK 2 Propane Combustion

Introduction
Propane is a carbon and hydrogen based compotindn be represented as:

e

where O IS a carbon atom ar@l adoein atom.

Activity 2.1

To be discussed in pairs and completed individuallyThe completed activity will be
assessed by the learner with the help of the educat

2.1.1 What is the chemical formula for propane? (2)

2.1.2 Which gas in air reacts with propane whdrurnhs? (1)

2.1.3 Represent, as a picture, the formula of #sevghich reacted with propane in 2.1.2. (2)

2.1.4 Complete the word equation:

propane + ® + 3)

2.1.5 Complete the above equation (in 2.1.4), laygushemical symbols:
+o® 0+ 3)

2.1.6 Represent the reaction using magic speadtiaaieings. 4)

2.1.7 Balance your reaction equation from 2.1.6/ful 3)
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2.1.8 Propane releases energy when it burns.
Give TWO possible uses of propane. (2)

[20]
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TASK 3 Domestic Electricity Usage

(The information in the introduction below and Tebll and 2 was taken froifhe Star
newspaper, Monday ZDanuary 2008).

Introduction

Appliances are all the devices in your home tha&tdnelectricity to work. These include light
bulbs, geysers (for hot water), stoves and all rothege and small appliances like radios,
televisions, refrigerators (fridges), kettles &tbe longer an appliance is switched on, the more
electricity it will use.

Electricity in domestic homes is measured in waft§ and kilowatts (kW). 1 kW is equal to
1000 watts. 1 kilowatt hour (1 kwh) is 1000 watésrg used for 1 howr 500 watts being used
for 2 hoursor 2000 watts being used for half an hour. 1 kWhls® aeferred to as 1 unit of
electricity.

Examples of 1kWh of electricity consumed may bewalted as follows:
1000 W of electricity used in 1h (1 x 1 = 1 kWh)
500 W of electricity used in 2hr (0,5 x 2 = 1 kWh)

The average cost of electricity used by variousskbold appliances. (1kWh costs 44,39 cents).

Table 1
Electrical appliance/ device Fzs\tllvr;g Cc()sélnrtls)ur
Light bulb 60 watt 0,06 2,66
40 watt 0,04 1,78
Stove Small hot plate (on high) 1,5 66,59
Small hot plate (on low) 0,357 15,85
Oven (at about 200 °C) 2,0 88,78
Dish washer 1,0 44,39
Electric frying pan 1,5 66,59
Fan 0,07 3,11
Floor polisher/vacuum cleaner 1,0 44,39
Hair dryer 0,5 22,20
Hi-Fi equipment 0,2 8,88
Iron 0,5 22,20
Kettle 2,0 88,78
Microwave oven 2,0 88,78
Personal computer 0,05 2,22
Deep freeze 0,2 8,88
Refrigerator (fridge) 0,1 4,44
Heater (2 bar heater) 2,0 88,78
Swimming pool pump 1,0 44,39
Television set 0,3 13,32
Tumble dryer 3,0 133,17
Washing machine Hot wash 1,0 44,39
Cold wash 0,5 22,20
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Activity 3.1

Introduction
The following questions (3.1.1 — 3.1.4) will be @ssed by the educator.

Use the information from Table 1 to answer theolwihg questions.

3.1.1 Which appliance has the highest rating? (2)

3.1.2 Which appliance has the lowest rating? (2)

3.1.3 Some families own both an electric frying jpa a microwave oven. What advice
would you give these families as to the usage ese¢htwo appliances in order to
save electricity and time? Give reasons for yosmaa. (5)

3.1.4 Mr and Mrs Masetla and their 4 children live& suburb of Johannesburg. During a
typical day the personal computer stays on for @dr$y two small hot plates are
used on high for 30 minutes and the vacuum cleianesed for 45 minutes.

Which of these electrical devices will cost the El¥ss most over a typical 24 hour
period? Explain how you arrived at your answeishgwing your calculations for
each device. (7)

[14]
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Activity 3.2

Introduction

The following questions 3.2.1 — 3.2.4 will be assekby the educator.

Page 13 of

28

Table 2 below shows a summary of the monthly eleatity costs of a typical South African
suburban household during both summer and winter.

(The hot water costs are due to the geyser or geysquired to provide the family with hot
water throughout the day and night).

Table 2
Charge Summer cost Winter cost
per unit Units Cost Units Cost
(cents) | (per month) | (R per month) | (per month) | (R per month)
Hot water 44,39 311 138,05 352 156,25
Stove 44,39 70 31,07 104 46,16
Heating 44,39 - 0,00 200 88,78
Appliances 44,39 104 46,16 104 46,16
Lights 44,39 35 15,53 70 31,07
Pool 44,39 120 53,26 46 20,40
Monthly use (kWh) 44,39 640 284,09 876 388,85

Use the information from Table 2 to answer theolwihg questions.

3.2.1 Why do you think the monthly cost in winter is hgghthan in summer? Explain
your answer, giving TWO reasons.

(4)

3.2.2 Calculate, from Table 2, the money spenh&ating water, as a percentage of the
total electricity bill for an average month durisgmmer, in a typical South African

household.

®3)
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3.2.3 Eskom has appealed to all households in South Africa ub down on their
electricity usage by 10 — 20%. With reference tbdl&2, explain how you could
achieve this goal in the most practical way. (7

3.2.4 Trevor Manuel announced a new electricityy l®f 2 cents per kWh, to be
implemented from March 2008. (Remember the figimeBable 2 were calculated
in January 2008). Calculate the new monthly cosgummer for a typical South
African suburban household. Show all your calcolai 3)

[17]
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TASK 4 The Carbon Cycle

Background information
The element carbon undergoes natural cyclic chaagisbown in the figure below:

[Source:GCSE Bitesize Sciencg
Activity 4.1

Work in groups of three or four.
The following questions 4.1.1 — 4.1.3 will be assesby your educator.

In addition to the information above, you may neéedise books, the internet or other
resources to help you answer these questions.

4.1.1 The carbon cycle above shows that plargs043 for photosynthesis. When plants
and animals die, what happens to the carbon? (6)

4.1.2 As shown in the figure above, animals eat grassatVphocess changes the food
into COy? 3)
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4.1.3

4.1.4

Another source of COshown in the diagram is the combustion (burnirfigivood
to heat the home. Using the knowledge you haveegdirom this CTA list 2 other
sources of combustion you can think of. (2)

Carbon dioxide is one of the ‘greenhousesgjathat is responsible for 'global
warming'. Using your answer to question 4.1.3, wiscthe ways in which you
think the South African Government could help teyant global warming. Use the
rubric on the next page to guide your responshisoguestion. (10)
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Use the rubric below to guide your response to#4.1.

Levels of Performance

Assgss.ment 1 > 3 4
Criteria
Number of One Two Three Four
appropriate ways
to prevent global
warming discussed

1 mark 2 marks 3 marks 4 marks
Discussion is Discussion is Discussion is Clear, logical

Discussion
superficial and |lacking in detail |thorough but and thorough
muddled but is sensible |lacks logic or discussion
clarity
2 marks 4 marks 6 marks 8 marks

[21]
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TASK 5 Cellular Respiration Investigation

Some Grade 9 learners wanted to find out whatggsen off during respiration. They set
up their experiment as shown in the diagram below.

A B
o string sellotaped
cling filmon ——M  — — to outside of bottle
top to seal
wet cotton wool
— and germinating
_ _ seeds
netting—it __— /
can be the wet cotton wool
kind used to and dead seeds
make bags to
hold
vegetables
lime water at
bottom of bottle
Activity 5.1

Questions 5.1.1 — 5.1.4 will be marked by the ethrca
Answer the following questions:

5.1.1 Apparatus A is the EXPERIMENT and ApparaBigs the CONTROL. Look
carefully at the diagram and then describe ONE wayhich Apparatus A differs
from Apparatus B. (2)

5.1.2 Lime water is made from dissolving calciaride or calcium hydroxide in water.
It is a clear (colourless) solution. Carbon dioxidacts with clear lime water,
insoluble calcium carbonate. This turns the limeaewaolution milky (white).
Predict the colour of the lime water in ApparatuatBhe end of the experiment and
give a reason for your answer. 3)
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5.1.3 What colour will the lime water in Apparst@ be at the end of the experiment? (2)

5.1.4 Write out a conclusion for this experiment. (2)

[8]
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TASK 6 Alternative Energy Sources

Introduction

Fossilised carbon, in the form of crude oil andlcpeoduces (indirectly or directly) most of the
energy required by humans. For example most oftSAfrica’s electricity power stations are
coal-fired. The world crude oil and coal reserval, wooner or later, run out because we are
using these reserves too fast.

There are a number of alternative energy sourcasdte being used in various countries to
assist with the global energy problem.

The table below compares alternatives.

Table showing some alternative energy sources.

Solar (Thermal) Hydroelectric Wind
Capital Costs Large Enormous Moderate
Operating Costs Moderate Negligible Small
Efficiency (%) 15 80 42
Costs (per kWh) 25 cents 4 cents 4,5 cents
Unit Capacity (MW) | 1000 2000 - 6000 Highly Variabl

[Source: sttp://zebu.uoregon.edu/1996/ph162/review.Bml
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Activity 6.1

This activity will be assessed by your educator.

Instructions

Page 21 of 28

6.1.1 Study the above table and decide which alternativergy source is most cost
efficient. Write about three paragraphs (half ag)axplaining why you chose this
energy source over the other two.

(12)

Marking Grid

Activity 6.1.1

Criteria/ 0 1 2 3 4

Marks

Making a No decision Decision Undecided/ Decision Clear decision

decision made inconsistent decision has | consistent made and
with argument | some with argument | consistent

consistency
with argument

with argument

Substantiation

No reference

Reference to 1

Clear

Clearly shows

Reference to 2

(thoroughness)| to other or 2 sources, | referenceto 1l | why one other sources
choices but reason for | other source | source is showing, why
final choice with good better than the | the chosen
unclear reasons others source is the
most cost
effective
Relevance Nothing Digression to | About 1/3 of Most of what | Everything
relevant the extent what is written | is written is written is
where the is irrelevant relevant relevant
guestion is
almost ignored
(about 2/3 of

what is written
is irrelevant)

Activity 6.2
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This activity will be assessed by the educator.

South Africa uses three alternative energy sou(sekar, hydroelectric and wind), to some
extent.

6.2.1 Which one is used the MOST in South Africa? (1)

6.2.2 Where are the power stations for the ensmyce mentioned in 6.2.1 located?
Name the places. (2

[15]
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TASK 7 Energy transferred from a burning substanceto heat water

This activity will be assessed by the educator.

Introduction

In this experiment you are going to measure theggneansferred from a burning substance to
water, while heating up the water. You will cakte the theoretical amount of energy that is
released, from the reaction, and calculate hoveiefft your heating process is. You will then
compare your figure to a general value for the eosion of coal to electricity in a power
station.

Work in Groups

Activity 7.1

Aim: To measure the efficiency of energy transferredngucombustion.

Apparatus: Fuel; container for fuel, beaker for water; tripahd gauze for beaker;
thermometer.

Step 1

With the aid of your teacher select a suitable foelthis experiment (wood, candles or paper
may be suitable).

Measure the mass of your fuel

[If your fuel is a hydrocarbon -wpod, candles paper), it should release about 45 kJ per gtam
of fuel.]

Mass of fuel

Energy released (Calculate using the mass of fuel used and enigased by the
fuel.)

® This calculation is based upon the complete cotidusf octane, with figures supplied from ‘Chenhigainciples'
Dickerson, Gray, Darensbourg & Darensbourg
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Step 2

Now set up your equipment in a manner like this:

thermometer

container for water

container for fuel

Accurately measure the volume of water in the beake

Note the initial temperature of the water

Step 3

Next light the fuel and measure the highest tentpegaf the water.

Record the highest temperature.

Calculate the energy transferred to the water ugiadgollowing:
Energy (in J) = volume of water (in nil)temperature change (in °C},2 kJ.°C ™t

You can now calculate the efficiency of your enetrgysfer:

Efficiency =_energy to watef 100
energy released 1

Comment on your result.

You may be interested to know that in a power @tatinly about 40% of the energy released by
burning coal is converted to electrical energy.
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Comment on your experiment under the headings:racguof data, overall result,
conclusion, weaknesses in method and suggestedvempents.

Accuracy of data:

Overall result:

Conclusion:

Weaknesses/shortcomings in method:

Suggested improvements:
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Your experiment will be marked using the scoringrici below.

Page 26 of 28

Levels of performance

Criteria 1 2 3 4
Laboratory Learners Learners worked Class time used 1. Best use of class time.
performance | struggled to do diligently, but well. Some 2. All measurements

the practical and required a lot of assistance was were accurately made
did not succeed assistance to use required to setup | 3. The equipment was
in taking the equipment and | the apparatus properly set up
sufficient obtain the correct correctly and cleared away as
measurements results/working obtain correct required
independently, the | readings 4. Worked diligently
learners took some 5. Worked independently
measurements
correctly
1 mark 3 marks 4 marks 5 marks
Calculations | Calculations Most calculations Minor All performed correctly
were incomplete used the correct arithmetical with appropriate units
method, but had errors or units
several missing
arithmetical errors
Or units missing
1 mark 3 marks 4 marks 5 marks
Comment on | Showed a lack of | Failed to make the | Made a Insightful comment
results understanding comparison, but meaningful comparing the obtained
still made a good comment or result to a power station
comment comparison, and
OR mentioned the
weak comment but | other
good comparison
1 mark 3 marks 4 marks 5 marks
Comment on | Attempted, but Only made Only made Pointed out several
experiment only made meaningful meaningful weaknesses and strengths
unrealistic statements for 1 of | statements for 2 in the experiment and
comments the three areas of the three areas | suggested realistic
improvements
1 mark 3 marks 4 marks 5 marks

[20]

Total: 150 marks
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Appendix 1:

Coal mines in South Africd

Makhado

Appendix 2:

Power stations in South Africa

6 Coal book

Page 27 of 28
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7

<www.ises.org/sepconew/Pages/CountryCaseStudySAmirefurl=http://www.ises.org/sepconew/Pages/Coun
ryCaseStudySA/2.html&h=487&w=688&sz=255&hl=en&staki &tbnid=R9iyJpNtzXCg4M:&tbnh=98&tbnw=13
9&prev=/images%3Fg%3Dpower%2Bstations%2Bsouth%8&t26gbv%3D2%26h1%3Den%26sa%3DG




