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PRACTICAL VOLTAGE OPTIMISATION in the UK. 

Over the last few years, voltage optimisation systems have begun to be generally available, 
and at a cost that allows most businesses to deploy them. In this document, the operation of 
these devices, and the benefits and method of their deployment is explained. 

Voltages across Europe vary considerably, from an average of 225V in southern Europe, to 242V in 
the UK. With permitted tolerances, this means that electrical devices manufactured to operate 
anywhere in the Europe have to work safely from 207V to 253V. Consequently the operating voltage 
required by electrical equipment to work most efficiently is around 215 -220V, with operation of 
some devices being satisfactory below 200V. Because power transfer is a square law of voltage, 
significant savings can be achieved by reducing the incoming voltage, even by a small amount.  

As a simple example, consider a 900W vacuum cleaner (240V, 3.75A). These machines have to safely 
work from 207 to 253 volts to meet supply tolerances across Europe, yet they operate with similar 
suction efficiency across the entire voltage range. Setting the voltage at a steady 215V instead of 
using the rough and unpredictable 240V mains is practical and realistic, and the measured and billed 
power consumption will be almost 20% less. 

Power injection into the grid from renewable sources such as solar and wind has to be at a higher 
voltage than normal supply levels, so local grid voltage may be frequently forced to its upper limit of 
253 in the UK, although peaks have been measured at close to 260V. This may not be the case 
permanently, but such wandering voltage, and short surges are still extremely wasteful. Voltage 
optimisation prevents these unwanted and possibly harmful voltage excursions reaching equipment. 

Any overvoltage can shorten the life of electrical equipment, as well as wasting energy. The surplus 
voltage produces uncontrolled heat, vibration, and noise in motorised devices, stressing them 
beyond design levels, particularly in the UK. Lighting and electronic systems are more susceptible to 
overvoltage, and can suffer significantly reduced lifetimes, even destruction. 

Harmonics on the grid created by transmission interference, or faulty or poorly maintained 
equipment which is connected elsewhere, are wasteful, both for the generating company and the 
users. However, it is normally the users that pay for that waste. Similarly, frequent voltage spikes 
and transient surges can be costly, but even infrequent large perturbations are capable of destroying 
equipment. A good voltage optimisation system will eliminate these undesirable artifacts from the 
grid supply, and suppress those that are generated within the site or building. 
 

 

 Fig.1 Graph of typical 3-phase voltages before and after optimisation 
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In summary, grid supply is very messy in numerous ways, which penalises users to a surprisingly 
greater level than has been recognised. Voltage optimisation systems ensure that consumers take 
only the power that is needed, and pay only for what they require. This is achieved by reducing the 
supply voltage by up to 50V, and stabilising it to tight tolerances. The best systems can hold the 
voltage to within better than +/- 1V, implying very fast reaction time. Many optimisers can only 
manage between +/- 4V or worse, with several seconds to react to changes. Nonetheless, they are 
still beneficial in lowering electricity consumption, reducing electricity bills, removing dangerous 
spikes, and reducing stress on all electrical equipment.  

Older technology optimisers use switching of tapped transformers to try and correct the variances of 
the input voltage, and offer a satisfactory output level. Originally this switching was done using 
relays, but mostly now electronic switches are used. This format needs the design of special 
transformers that endeavour to capture the abandoned energy in windings when the tappings are 
switched. Some energy will be lost every time this occurs, but the bigger problem is that it is 
impractical to stabilise voltage to better than +/- 3V. Further, it takes several seconds to establish 
the under- or over- voltage, and produce a corrective change. 

Later optimiser designs employ high frequency power PWM techniques driving fixed-ratio (non-
tapped) high efficiency transformers. PWM design offers excellent stabilisation (+/- 0.5V), and 
tracking response within a few milliseconds. The most advanced PWM are based on single stage of 
conversion at high frequency, 20kHz or 30kHz frequency, reaching 99% of efficiency. This approach 
also removes harmonics actively, rather than dependence on passive smoothing components alone. 
Although these improvements appear minor, in reality they add significantly to the overall savings. 
Depending on the dynamics of the grid supply, it could increase the savings a further 10% over the 
older technology. 

For reasons of safety and for equipment protection, it is necessary to implement manual and 
automatic by-pass. Manual by-pass using a mechanical switch is installed in expectation of planned 
unusual supply activity. Automatic by-pass will trigger if the consumption exceeds the rated level 
(voltage and current), when the system will switch itself out, and allow direct connection of the 
appliances to the grid. Such a brief incident shows up on the graph (Fig. 1 above) as the vertical thin 
line, just to the right of the X-axis. As can be seen, automatic by-pass operates very rapidly within 
PWM systems, both when cutting out, and returning to operation.  

The outcome of energy assessments often shows lighting (incandescent, fluorescent, and vapour) as 
being the major energy expenditure item. The business owner has the choice to install an optimiser 
in the short term, creating massive instant savings on the lighting (up to 35%), and valuable savings 
on other aspects of the consumption. With the speed of installing an optimiser (a matter of days), 
and instant savings, the large cost and time needed to convert to LED lighting can be delayed, or 
spread over a longer installation period. This will also provide protection for mains-driven LEDs that 
will suffer shortened life or failure with high peak voltages, and accompanying spikes. 

Now that a new era of improving energy consumption has arrived, voltage optimisation will play a 
major part in assisting electricity users to achieve carbon reduction targets, with a huge financial 
benefit to themselves. Better designs, cost reduction, and worsening of supply quality, all mean that 
optimisers can achieve pay-back in 1 – 3 years. Even better, it is now practical to deploy multiple 
units at a site, offering different voltages for disparate applications. This truly optimises savings and 
protection, and allows more sensitive equipment to run at even lower voltage. 
 

 

Fig. 2 Typical savings from PWM optimisers (NB: older technology designs may have lower savings) 

Reactive lighting systems 20% to 45%

Industrial kitchens, fast-food outlets, restaurants 12% to 20%

Chillers, air conditioning systems 12% to 20%

Unusual mixed loads, offices 12% to 20%

Small businesses, and shops 15% to 20%

Homes & private residences 15% to 25%
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Not every type of equipment needs the same voltage, and it may be that the lower stabilised voltage 
desired cannot be fed to all the appliances. In these situations, smaller capacity voltage optimisers 
can be ganged together with a variety of output voltages for the different demands. A simple cost 
calculation will indicate a system structure to provide the best savings, and shortest payback time. 

Voltages and costs per kW hour are hugely different across geographical regions, so resultant savings 
from optimisers vary greatly around the globe. In the UK, the combination of high grid voltage and 
relatively high energy prices makes an optimiser an attractive budgetary proposition. In most 
circumstances, recovery of the installation cost will be achieved within three years. However, the 
other benefits of fitting an optimiser should not be ignored. 

Most of the products available offer powerful client software allowing close monitoring of overall 
performance and savings. This not only permits local or remote viewing of instantaneous single and 
three-phase consumption, but maintains detailed logs of steady and disturbed supply. Such 
information yields M & V (Measurement and Verification), and aids greatly in preparing original and 
follow-up ESOS assessments. In three-phase systems, it additionally indicates unbalances that may 
need addressing.  

Most voltage optimisers boast of “smart grid” compatibility, which implies seamless integration of 
existing or future solar PV and wind generated inputs. This function is in itself not difficult to achieve, 
but where these renewable grid inputs are to be added later, the design must take account of the 
increased local voltage, and any accompanying switching spikes that might occur. Likewise, it is 
better to over rate the system for possible expansion of the business, or expected increases in grid 
voltage. Optimisers are very reliable, and warranted for 10 years or more. With possible payback 
times below two years, the prospect of 20-30 years of profitable use will delight any accountant, or 
business owner. 

There is enough factual evidence in the form of case studies going back several years, to show that a 
minimum of 10% is a realistic saving in almost every scenario, including small private houses. The 
manufacturer or installer will first carry out a detailed energy survey, and advise on the best 
solution. Such is the confidence regarding potential reduction that a guarantee of savings will 

frequently be issued. Once the optimiser has been installed, the savings will be clearly visible. 
With warranties of up to 10 years, this makes the fiscal risk for the customer very low. 

 

Finally, it is important to be conscious of the fact that if most consumers fitted an optimiser, 
and the country’s consumption fell by 10%, five new 1 GW power stations would not be 
needed! 

 

 

 

 


