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Extension 

KERS: kinetic energy recovery 
system 
Ken Zetie and Tom Weller 

These are worked examples of calculations referred to in the article on pp. 6–8 of the magazine. 

KERS for a London tube train  
Suppose a tube train is to lose all its kinetic energy by rolling uphill. How high should the hill be? 

If the train of mass m travels at speed v, then the kinetic energy it must lose is 

Ek = ½ m v2  (1) 

As it rolls up a hill of height h, it gains gravitational potential energy: 

Egrav = mgh  (2) 

Assuming 100% efficiency, the height of the hill can be found using Equations 1 and 2: 

mgh = ½ m v2 

h = v2/2g   (3) 

A tube train typically runs between stations at about 20 mph, or about 10 m s–1. Gravitational 
acceleration, g, is about 10 m s–2, so 

h ≈(10 ms–1)2/2 × 10 m s–2 

  = 5 m 

Notice that you don’t need to know the train's mass to do this calculation. 

In practice the run-up to platforms is rather less and the gradient has to be kept to less than 1 in 30. 

Heating the brakes of a car 
Suppose a car’s brakes consist of four metal discs. If each disc has a mass of 10 kg and is made of 
steel, with a specific heat capacity, c, 490 J kg–1°C–1, then the discs’ rise in temperature, Δθ, is related 
to the energy, E, transferred to them: 

E = Mc Δθ   (4) 

where M is the total mass of the discs. For the car discussed in the article, which loses 1.7×105 J of 
kinetic energy: 

Δθ = E/Mc 

 =  1.7 × 105 J /(490 J kg–1°C–1 × 4 × 10 kg) 
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 = 8.6°C 

Energy in a battery 
A typical car battery is rated at 70 Ah. The ampere-hour measures the total charge, Q, that flows as 
the battery is fully charged or discharged: 

Q = I × t   (5) 

To calculate the stored energy, E, we need to multiply the charge by the battery voltage, V.  

E = V I t    (6) 

Note that we have to use the time in seconds to get an answer in joules. If a 70 Ah battery runs at 
12V, the energy it stores is: 

E = 70 A  × 3600 s × 12 V  

 = 3.02 × 106 J 

Suppose car of mass 1500 kg had this much kinetic energy: 

E = ½ m v2   (1) 

Its speed v would be 

v = √(2E/m) 

  = √(2 × 3.20 × 106 J/1500 kg)  

 = 63 ms–1  

Current from a battery 
If a 12-volt battery delivers a power, P, of 560 kW, then the current, I, is found using  

P = IV  (7) 

I = P/V  

 = 560 × 103 W/12 V 

 =   47 × 103 A 

Top speed when power is boosted by KERS 
Assume that all the work is being done by the engine against an air-resistance force F: 

P = Fv    (8) (Equation 4 in main article) 

Suppose the unboosted engine power, P, is 560 kW and maximum speed, v, is about 240 mph (107 m 
s–1), then 

F = P/v  

 = 5.6 × 105 W/107 m s–1 

  = 5200N 

The force due to air resistance is proportional to the square of the speed, usually written: 
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 F = kv2  (9) (Equation 5 in main article) 

where k is a constant for a given car.   

We can find k using our values for F and v: 

k = F/v2  

 = 5200 N/(107 m s–1)2 

 = 0.45 N m–2 s–2 

Using our calculated value of k, we can find the new top speed when the engine power is boosted by 
KERS. From Equations 8 and 9: 

P = kv3  (10) (Equation 6 in main article) 

v3 = P/k 

Suppose the power is now 560 kW plus an extra 60 kW from KERS i.e. P = 620 kW. The new top 
speed, v, is given by: 

v3 = 620 × 103 W/0.45 N m–2 s–2 

 = 1.38 × 106 m3 s–3 

so 

v = 3√1.38 × 106 m3 s–3 

 = 111 m s–1 
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