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1. INTRODUCTION  

 
Excessive supply voltages are quite common in South Africa.  The histogram below represents a supply point in 

Sandton.  The Average voltage is 245V, but voltages exceeding 250V are not uncommon. 

 

 

The Powerstar® product which Tsebo Energy Solutions have the exclusive right to distribute in South Africa is a 

Voltage Optimisation Unit which reduces the energy demand of most electrical devices.   

Resistive loads will draw a reduced current when a lower voltage is applied.  In cases where the loads are 

controlled by thermostats or similar control systems, the load will simply stay on longer until the required 

energy has been consumed.  In these instances, the energy consumed will be the same, but the demand will be 

reduced.  In the case of electric motors, especially those that are not fully loaded, the overall efficiency of the 

motor will increase if the supply voltage is reduced to the nominal design voltage.   

Different types of equipment will respond differently when supplied by a reduced voltage.  In an average 

building, there will be a selection of plant that will consume less energy when the voltage is reduced.   

 

All electrical devices will consume energy and dissipate it in the form of heat/sound/motion.  Voltage 

Optimisation Units are no exception to this rule, they are however extremely efficient in design, and the 

additional losses introduced are offset by the very significant reduction in electricity demand from the load.   

 

Performing voltage reduction by means of tapping down conventional transformers will not achieve the same 

results since the additional transformer losses will result through engaging more primary winding turns which 

counteract the savings attained.  In many cases, it is also not feasible to reduce the supply voltage at a specific 

location due to technical reasons. 

 

Applying Voltage Optimisation is an energy efficient way off ensuring a nominal supply voltage to a facility.  High 

supply voltage also reduces equipment life, and reducing the supply voltage to close to the design voltage will 

reduce maintenance costs. 
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2. Theoretical Explanation 

A Voltage Optimisation transformer is capable of reducing supply voltage by a limited %; it does so using a 

special winding that reduces the flux induced by the primary winding.  This, in turn, reduces the secondary 

winding output voltage. 

 

The ‘Voltage Subtraction’ is done magnetically using a third, voltage control winding on the same core, we 

explain the Electromagnetic equations governing the voltage reduction mechanism below:-  

 

 
 

Variables  Explanations 

 ɸp Electro Magnetic Flux induced into the core by the Primary Winding 

 ɸc Nett Electro Magnetic Flux in the Core 

 ɸv Electro Magnetic Flux induced into the core by the Voltage Control 

Winding.  This is in opposition to ɸp. 

ɸc = ɸp – ɸv 

 

ɸc = Sum of the Flux produced by the Primary and Voltage Control 

Windings.  Since they are in opposite directions, ɸv subtracts from ɸp. 

ɸv will typically be a small % of ɸp.  For the purposed on this discussion, 

we will assume ɸv to be 10% of ɸp 

ɸc = ɸp – 0.1 ɸp 

ɸc = (1-0.1) ɸp 

ɸc =0.9 ɸp 

With ɸv = 0.1Ep, the equation simplifies to a direct relationship between 

ɸc and ɸp.  The Flux levels in the core are thus reduced by a percentage 

by the Voltage Control winding.  In turn, the available Flux that produces 

the output of the Secondary Circuit is less than what it would have been 

without the Voltage Control Winding. 
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Variables  Explanations 

 Np Number of Windings on the Primary Circuit 

 Ns Number of Windings on the Secondary Circuit 

 Nv Number of Windings on the Voltage Control Circuit. 

V = Nɸ 

ɸ = V/N 

Voltage Induced into a Winding is the product of the Number of Windings 

multiplied by the Flux in the core.  Also, the Flux induced into a core 

equals the Applied Voltage divided by the number of winding turns. 

Np = 100 

Ns = 100 

Nv = 1000 

Assume these values as the number of winding turns for each of the 

windings. 

ɸc = ɸp – ɸv 

ɸc = Vp/Np – Vv/Nv 

but [Vp = Vv] 

ɸc =Vp(1/100 – 1/1000) 

ɸc =0.009Vp 

By substituting the values, and simplifying, it is shown that the net Core 

Flux ɸc = 0.009Vp instead of 0.01Vp if the Voltage Control Winding is 

removed. 

 Vs Voltage induced into the Secondary winding the net flux in the core (ɸc) 

Vs = Ns.ɸc 

Vs = (100).(0.009Vp) 

Vs = 0.9Vp 

The reduced Nett Core Flux results in a reduced voltage appearing on the 

secondary winding, even if it has the same number of windings as the 

primary winding. 

 

Since a Voltage Optimisation Unit does not generate or consume energy of any significance, the input energy 

must be the same as the energy demanded by the load, therefore with a reduced supply voltage, most 

equipment utilizing electricity as its energy source will draw a reduced current as well. 
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3. Conclusion 

 

Note that when a Voltage Optimisation Unit is installed the secondary current will be higher than the primary 

current.  The reverse holds true for the voltages.  If losses are ignored, the input Power will be identical to the 

output Power of the unit even though the currents and voltages differ.  What is important is that the Load will 

be drawing less with a Voltage Optimisation Unit installed.  The supply current will be reduced on the primary 

side where energy metering takes place, with the reduced current and the original voltage on the supply 

(Primary) side, less energy is drawn from the supply network and energy bills are therefore reduced. 

 

 

Energy is a strategic conversation, every decision you make impacts on energy consumption. 
Reduce Consumption and Save Today! 
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