Energy ‘losses’ during transformations

Although we have stated that energy cannot be destroyed and that the energy output from a system is equal to the energy input to the system, not all the energy in the system is used efficiently.

When an energy conversion takes place there is always an energy change that we do not desire ( usually a loss in the form of heat, sound or friction from the moving parts of a mechanism.

If we look at the simple energy conversions from earlier we can expand the system diagrams to also show the waste energy or energy losses.

Example 1

A light bulb converts electrical energy to light energy but it also produces heat energy.
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Example 2

An electric motor converts electrical energy to produce kinetic energy along with sound energy and heat energy.
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Example 3

An electric generator converts kinetic energy to produce electrical energy along with sound energy and heat energy.
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Assignments: energy losses in a system

A windmill used for generating electricity can have the generator in either of two positions. It can be as shown in figure (a), located at the top and connected directly to the rotating vanes. Alternatively, it can be at ground level, connected by shafts and gears to the rotating vanes, as shown in figure (b).


[image: image4.wmf]
Figure (a)

1. List the energy conversions that take place when a windmill is operating.
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Figure (b)

2. The system shown in figure (b) does not produce as much electricity as the system in figure (a). Describe any energy losses in the system.

3. The diagram below shows sub-systems of a power station.
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(a) Use the key to identify the fluids at points A, B, C, D, and E.

(b) Describe how the power station operates.

(c) What is the purpose of the heat exchangers?

(d) From the information given below, calculate the overall efficiency of the power station.

Efficiency = Electrical Energy / Fuel Energy x 100%
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4. The diagram below shows a method of using the energy from wind.

(a) Identify the forms of energy at points A (wind vane), B (generator), C (pump), D (water tank), E (water wheel) and F (generator).
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(b) Describe the energy changes taking place within the system.

(c) Identify and describe any energy losses within the system at points A, B,C, D, E and F.

Homework assignment 3: transfer of energy
1. Look at the three drawings below and draw a simple systems diagram for each to show the change in energy between the input and output.

In each system diagram you should also show any other form of energy produced at the output that may not be required but is actually present.
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2. A wave barrage (like the one shown below) can be used with a turbine and generator to produce electrical energy. Copy and complete the block diagram, showing the changes in energy throughout the system.
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Calculating Energy Transfers

It has already been stated that energy cannot be created or destroyed: it can only be made to change form.

During an energy transformation, therefore, the total energy contained within any closed system must remain constant.

Knowing the total amount of energy at the start (or end) of any energy transformation

tells us the total energy at any given time during the transformation.

Example: energy transfer

Consider a ball that is released from a high building.
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When the ball is at the top of the building, it has gravitational potential energy (EP1).

The total energy, E = EP1
When the ball is released, it falls and some of the potential energy (EP2) is converted into kinetic energy EK1. The total amount of energy (E) the ball possesses at this time is equal to the potential energy plus the kinetic energy.

Total energy E = (EP2 + EK1) = EP1
Just as the ball hits the ground, it no longer has any potential energy; all the potential energy EP1 has been converted into kinetic energy EK2. The total amount of energy consists of the kinetic energy alone.

Total energy E = EK2 = (EP2 + EK1) = EP1
Worked example: transfer of energy (potential to kinetic)

A body of mass 30 kg falls freely from a height of 20 metres. Find its final velocity and kinetic energy at impact.

First calculate the initial potential energy.

EP = mgh
     = 30 ( 9.81 ( 20

     = 5.88 kJ

This potential energy is converted or transferred into kinetic energy, which means that the kinetic energy at impact is equal to 5.9 kJ.

To calculate the final velocity of the body we begin by taking EK = 5.9 kJ.

 EK = ½mv²

5.88 ( 10³ = ½ ( 30 ( v²

v² = 392.4

v = 19.8 m/s

This type of calculation can be completed for any type of energy conversion: knowing the total energy at any given time (start, end, middle, etc.) tells us the total amount of energy at all other given times.

Assignments: calculating the transfer of energy

1. A 5 kg mass is raised steadily through a height of 2 m. What work is done and what is the body’s potential energy relative to the start?

2. A body of mass 30 kg is projected vertically upwards with an initial velocity of

20 m/s. What is the initial kinetic energy of the body and to what height will it rise?

3. A mass of 20 kg is allowed to fall freely from a certain height above a datum. When the body is 16 m above the datum, it possesses a total energy of 3,531 J. What is the starting height of the object?

4. In a stamping machine, the die has a mass of 35 kg and falls through a height of

2 m on to a metal block. If the depth of indentation is 10 mm, find the average stamping force. Assume no rebound.

5. A boy stands on a skateboard at the top of a steep hill that has a height of 500 m and allows gravity to increase his speed all the way to the bottom of the hill. If the boy has a mass of 60 kg, calculate his potential and kinetic energy at the top, middle and bottom of the hill. (Ignore friction or any other resistance.) 
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A derrick is used to lower containers into the hold of a ship as shown in the diagram below. The speed at which the containers are lowered is controlled by a brake pad pushing against the side of a brake drum.

The derrick is used to lower 1 tonne containers at a steady speed.
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(a) Calculate the potential energy lost by the containers as they are lowered.

(b) Assuming all this energy is converted into heat energy at the brake drum, use the following data to calculate the change in temperature of the drum.

Specific heat capacity of drum = 400 J/kgK

Mass of brake drum = 20 kg

When the containers are lifted out of the hold using a petrol driven hoist, 

0.03 kg of petrol is used.

(c) Calculate the amount of fuel energy supplied if the specific energy of petrol is

20 MJ/kg.

7. An electric kettle takes 5 minutes to boil some water. The original temperature of the water is 20(C and the kettle contains 2 litres of water. Calculate how much electrical current is used by the kettle from a 230 volt mains supply. (The specific heat capacity of water is 4200 J/kgK.)

Homework assignment 4: calculating energy transfers

1. A woman bungee jumper jumps from the top of a bridge with a height of 75 m. The length of the bungee elastic is 25 m and the woman has a mass of 60 kg.

[image: image14.wmf]
(a) Calculate the potential energy of the woman as she stands on top of the bridge.

(b) Calculate the maximum speed that the woman reaches and state at what height this will happen.

2. An electric kettle is used to boil some water. The kettle holds 1.5 litres of water when full and operates from a 230 V, 13 amp supply.

If all the electrical energy supplied is converted to heat energy, how long will it take the kettle to boil from an initial temperature of 15(C? (The specific heat capacity of water is 4200 J/kgK.)

3. A goalkeeper kicks the ball out of his hands straight up into the air. The ball reaches a maximum height of 30 m.

(a) Calculate how much kinetic energy the keeper gives the ball if it has a mass of 2 kg.

(b) Calculate at what speed the ball leaves the goalkeeper’s foot.

4. A motor and gearbox system is used to raise a load from the ground to the roof of a building site.
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The load weighs 100 kg and the motor runs from a 110 volt supply and draws a current of 15 amps.

If the roof is 25 m above the ground, calculate:

(a) the potential energy of the load when it has been raised

(b) the amount of electrical energy used in that time

(c) the time taken to raise the load

(d) the average speed at which the load is being raised

(e) the kinetic energy of the load when it is being raised.

Energy Efficiency
It was stated earlier that it was very important to try and conserve energy and to waste as little as possible. It is possible to look at how well an energy system is operating by calculating the efficiency of the system.

Calculating efficiency

The efficiency of an energy transformation is a measure of how much of the input energy appears as useful output energy.

The efficiency of any system can be calculated using the equation:

Efficiency, ( =
Useful energy output




   Total energy input

                   ( =
E out
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E in
Note: ( is the ratio of output to input energy. This can never be greater than one. In order to convert ( to a percentage, the efficiency, (, is multiplied by 100.

Worked example: efficiency
An electric lift rated at 110 V, 30 A raises a 700 kg load a height of 20 m in two minutes.

[image: image16.wmf]
By considering the electrical energy input and the potential energy gained by the mass, determine the percentage efficiency of this energy transformation.

Energy into the system is electrical:

 Ee = ItV
     = 30 ( 120 ( 110

     = 396 kJ

Potential energy gained is calculated as follows.

EP = mgh
     = 700 ( 9.81 ( 20

     = 137.3 kJ

Percentage Efficiency  = Useful Energy Output  ( 100%


   Total Energy Input

                                     =  137.3 (100%

                     
      396

                                     = 34.7%

Assignments: efficiency

1. An electric kettle is rated at 240 V, 10 A. When switched on it takes three minutes to raise the temperature of 0.5 kg of water from 20(C to 100(C.

Determine:

(a) the electrical energy supplied in the three minutes 

(b) the heat energy required to raise the temperature of the water 

(c) the efficiency of the kettle.

2. In a hydroelectric electricity generating station, water is allowed to flow downhill through a turbine, which is connected to a generator.
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The water falls through a vertical height of 500 m at a rate of 5,000 kg/s. If the energy transfer is 65 per cent efficient, determine the amount of electrical energy produced per second.
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3. Boxes in a factory are transferred from one floor to another using a chute system as shown above. The boxes start from rest at the top of the chute and during the decent there is a 40 per cent loss of energy. The boxes weigh 10 kg each.

(a) Calculate the velocity of the boxes at the bottom of the chute.

(b) What is the distance d that each box will travel along the bottom floor before coming to rest if the frictional force opposing the motion of each package is 25 per cent of its weight?

Energy audits
It has already been stated that energy cannot be created or destroyed: it can only be made to change form.

During an energy transformation, all the energy going IN to the system must come OUT and appear as other forms. It is not possible to destroy energy: it must go somewhere!

Unfortunately, not all of the energy being put into a system appears as useful energy at the output. For example, a generator is designed to convert kinetic energy into electrical energy; however, due to the frictional forces, some heat energy will also be produced.
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Since this heat energy is useless in terms of generating electricity, it is sometimes referred to as waste energy or (confusingly) as lost energy.

Even systems that are designed to produce heat will have some energy losses. For example, the element of a kettle is designed to heat up water, but not all of the energy will go into heating up the water. Some of the energy is used to heat up the kettle; some heat will be ‘lost’ to the room, etc.

Since we know, however, that the total energy in any closed system must be constant, we can still carry out meaningful calculations if we remember to take all types of input and output energy into account.

In the generator example above:

· the input energy is in the form of kinetic energy (EK)

· the total output energy will be electrical energy plus the heat energy (Ee + Eh).

Hence, through conservation of energy, EK = Ee + Eh
In order to ensure that we have taken all energies into account, it is useful to carry out an energy audit.

An energy audit is a list of all the energies coming IN and going OUT of a system. The total for the energies IN must be the same as the totals for the energies OUT.

Worked example

In order to estimate the efficiency of an electric light bulb, the bulb is immersed into a beaker of water as shown.


[image: image19.wmf]
Assuming all the heat energy generated by the bulb is transferred to the water, use the data provided to calculate the efficiency of the light bulb as a light energy producer. Calculate also the amount of waste energy.

Data
Power supply = 12 V



Current drawn by bulb = 5 A



Volume of water in beaker = 0.5 litres



Initial temperature of water = 18 (C



Temperature of water after 10 minutes = 30 (C


Energy IN to the system is electrical (Ee)

Ee 
= ItV



= 5 ( 600 ( 12




= 36,000 J




= 36 kJ

Energy OUT of the system is light (El) and heat (Eh).

Eh
= mc(T



= 0.5 ( 4200 ( 12




= 25,200 J




= 25.2 kJ

Energy OUT = Energy IN

Energy IN = 36 kJ

Energy OUT = Eh + El = 25.2 kJ + El
Therefore 25.2 + El = 36 kJ

El = 36 ( 25.2 = 10.8 kJ
Efficiency =
Energy out 


Energy in



                    =
10.8 x 100%


36



                    =
30%

Waste energy (heat energy) 70% of input = 25.2 kJ

This can be represented by a systems diagram.
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Assignments ( energy audits

1. A deep fat fryer uses 2 kJ of electrical energy per second. It can raise the temperature of 1.5 kg of cooking oil from 20 (C to 80 (C in six minutes. If the specific heat capacity of the oil is 2400 J/kgK, calculate the heat energy taken in by the oil every second and hence the efficiency of the fryer.

2. When full, a container of water holds 1.5 litres of water. The initial temperature of the cold water is 20 (C. A heater that operates from a 240 V supply draws a current of 8 A and has an efficiency of 75 per cent. Determine how long it will take to heat the container of water to 90 (C.

3. A lift is used to raise a mass of 200 kg to a height of 10 m in two minutes. If the lift motor produces 12 MJ of energy in one hour, how efficient is the lift?
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4. A vending machine, which dispenses hot drinks, heats one cupful of water

(0.15 kg) from 30 (C to 90 (C. The heating element operates from a 240 volt supply and has a resistance of 12 ohms.

(a) Calculate the current drawn by the heating element.

(b) Calculate the heat energy transferred to the water.

(c) Calculate the time taken to heat the water if the system is 100 per cent efficient.

(d) Calculate the percentage of energy lost if it actually takes 10 seconds to heat the water.

(e) Draw a system diagram showing the input to and outputs from the system. Include the percentages.

Homework assignment 5: efficiency and energy audits
1. A lift is reported to operate at 75 per cent efficiency. If the lift can raise a load through a height of 30 m using a 230 V, 15 A supply, calculate how long it will take to raise a load of 1000 kg.

[image: image22.wmf]
2. When full a container holds 1.5 litres of water. The initial temperature of the water is 20 (C. The heater operates from a 230 V supply, draws a current of 8 A and has an efficiency of 75 per cent. Determine how long it would take to heat a container full of water to 90 (C. (The specific heat capacity of water is 4200 J/kgK.)

3. A winch is used to lift a bucket on a building site. The winch lifts its load at a speed of 0.5 m/s. The load weighs 75 kg and the height through which it is raised is 25 m. The winch is driven by a 110 V, 13 A motor.

(a) How long does it take for the load to be lifted?

(b) How much electrical energy is used to raise the load?

(c) What is the potential energy of the load after it has been raised?

(d) What is the efficiency of the winch?

(e) What forms could the lost energy take?

(f) Draw a system diagram for the audit of the winch. Show the input energy, together with the useful and wasted energy outputs.

(g) How could the efficiency of the winch be improved?

(h) How long would it take to raise the load if the winch were 100 per cent efficient?

Energy – End of Unit Assessment
Answer all of the following questions.

1. What is the ultimate source of energy for the earth?



(1)

2. Why do humans and machines need energy?




(1)

3. What is meant by a finite energy source and how does it affect the need for 

energy conservation?







(2)

4. Name three examples of finite energy sources.




(3)


[image: image23.wmf]
5. Describe two harmful effects that the burning of fossil fuels can have on the environment.








(2)

6. What is meant by the term, ‘renewable energy source’?



(1)

7. Name two examples (not solar energy) of renewable energy sources. Name one advantage and one disadvantage associated with each source.


(6)

8. Describe the way that a heating system, like the one shown below, uses a solar panel to help provide hot water for a home.




(3)
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9. Why does using a solar panel help to reduce the size of a homeowner’s 

electricity bill?








(1)

10. The diagram below shows a method of harnessing the energy from wind. 

Identify the forms of energy at points A (wind vane), B (generator), C (pump),

D (water tank), E (water wheel) and F (generator).



(6)

11. A new roller coaster ride rises to a height of 100 m at its highest point and 

reaches a maximum speed of 30 m/s.

[image: image25.wmf]
If the car on the ride has a mass of 250 kg and holds four people with an 

average mass of 75 kg, what are the maximum potential and kinetic energy 

levels during the ride?







(6)

12. Why is the maximum kinetic energy of the car on the ride less than the 

maximum potential energy?






(1)

13. An electric kettle takes four minutes to boil some water.

[image: image26.wmf]
The original temperature of the water is 40 (C and the kettle contains

2.5 litres when it is full. The specific heat capacity of water is 4200 J/kgK.

(a) How much heat energy is in the kettle when it is boiling?


(2)

(b) How much electrical energy was used to heat the water if the kettle is 

88 per cent efficient?







(2)

(c) What is the current rating of the kettle if it runs from a 230 V supply?
(2)

(d) How much power does the kettle use to boil the water?


(2)

14. A test is carried out to find out the efficiency of an old electric lawnmower.

[image: image27.wmf]
The lawn mower was tested for two minutes. It is rated at 5 A and operates from a 230 V supply. The kinetic energy produced from the rotating blades was measured to be 50 kJ.

(a) Calculate the input electrical energy used in the system.

(b) Calculate the percentage output produced as kinetic energy.

(c) If 40 per cent of the input energy is lost to the system as heat, how much energy is lost as sound?

(d) Draw a system diagram showing all the percentage energy inputs to and outputs from the system.
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