
Voltage Optimisation can save energyVoltage Optimisation can save energyVoltage Optimisation can save energy
and protect your siteand protect your siteand protect your site

IntroductionIntroductionIntroduction

Voltage optimisation (VO) is a proven and effective technology that has been saving industry millions of pounds

in wasted electrical energy.

The market-leading VO system delivers average annual electricity savings of 12%-15%, extending to 17% on High

Voltage side electronic variable optimisation with correlating reductions in CO2 emissions. Typical return on

investment is between two and three years depending on kWh cost.

The concept behind the technology is simple. On the whole, power is supplied at a higher voltage than is

necessary. Although the ideal voltage required for most electrical equipment in the UK is 220V, the average

delivered is actually 242V - voltage can be delivered at levels as high as 253V. The mismatch between voltage

required and voltage delivered results in a waste of energy and of course money. VO corrects the over-voltage

and brings it in line with the actual needs of the equipment on site, through use of a device installed in series

with the mains electricity supply.

Why is voltage optimisation required?Why is voltage optimisation required?Why is voltage optimisation required?

Voltage optimisation is needed to correct the supply issues caused by the High Voltage infrastructure. The

voltage supplied to a site will generally be at a higher level than the equipment on site needs to run effectively.

The extra voltage supplied is not needed but ultimately the user will be paying for this.

Low voltage side optimisationLow voltage side optimisationLow voltage side optimisation

Low Voltage (LV) side optimisation is connected to the low voltage side (figure 1). There are two variations of LV

side optimisation technology available: fixed and variable (also known as electronic-dynamic, electronic or

intelligent VO). Fixed VO systems reduce the incoming voltage by a set amount to the optimum level for site

operations. However, output varies as the input voltage varies.

Variable VO systems set the output voltage at the optimum level and maintain this by systematically managing

the peaks and troughs in the power supplied – irrespective of the incoming voltage levels – to ensure that

voltage is supplied at a constant, stable level.



Figure 1. Low side voltage optimisation

High Voltage side optimisationHigh Voltage side optimisationHigh Voltage side optimisation

High Voltage (HV) side optimisation technologies offer optimisation solutions to sites that own their own

distribution transformers. Many technologies exist, but there is only one system currently on the market, which

provides HV, electronic variable voltage optimisation. This is a combined solution, which replaces an on-site,

inefficient HV transformer with an amorphous core super-low loss HV transformer, with integrated electronic-

dynamic VO technology.

The system can take up to 33,000V input and provides a fully electronically regulated 380V, or user-defined,

voltage output. Technology also exists that will allow the user to alter the defined voltage locally through a

Human Machine Interface (HMI) on site or remotely via the Internet. The HMI allows users to manage and

monitor the system in real time to ensure maximum savings are being realised.

Depending on the age and type of the transformer that it replaces, an amorphous core transformer can provide

between 1% to 5% savings simply because it is so much more efficient. In addition to savings on replacement of

the transformer, the integrated VO technology can be expected to provide a further 12% to 15% savings.



Figure 2. High side voltage optimisation

How does voltage optimisation save energy?How does voltage optimisation save energy?How does voltage optimisation save energy?

VO is a transformer-based system used to optimise the characteristics of the current supplied at the source (first

current), according to current characteristics required at the load (second current). The first current is typically

an alternating voltage in which case the resultant voltage is increased or decreased, this transformation

routinely results in excess transformed voltage.

The supply current flows from the first winding into the second winding of a VO system, wherein the magnetic

flux causes the induction of a reverse current, which is a fraction of the supply current, typically 10%. The

reverse current flows in the opposite direction to the supply current, wherein it is directed back to the

electricity supply. Because the reverse current is real energy, which is distinct from apparent or reactive energy,

there is a direct effect on the consumption of the load. This effect is a reduction of power consumed by a load,

seen by actual kWh savings.

In simple terms, any excess voltage above the VO set-point, is chopped and returned back to the grid,

generating induced negative power (back EMF), which flows towards the supply and is subtracted from the

incoming power (the subtraction process occurs within the VO transformer). The negative power feedback

(back EMF) accounts for 70% to 80% of VO savings with the remaining 20% to 30% savings coming from

equipment efficiency improvements.

Improving equipment performanceImproving equipment performanceImproving equipment performance

Optimising the supply voltage for a building can also prevent equipment and machinery from early burn-out and

reduces maintenance costs. Operating equipment at a higher voltage than it is designed for does not improve

performance; on the contrary it has the effect of reducing its lifespan. For example a 230V rated incandescent



lamp used at 240V will achieve only 55% of its rated life. It will also take 4.3% more current and consume almost

9% more energy¹.

If you supply a motor with more voltage than it needs, it doesn't spin any faster, it just wastes the extra energy

as heat. VO extends the life of motors by lowering their operating temperatures.

Improving HarmonicsImproving HarmonicsImproving Harmonics

In theory, most electricity is supplied as an Alternating Current (AC) sine wave, which rises, falls, and reverses

direction smoothly around 50 to 60 times a second (the ordinary supply frequency). In practice, AC supplies can

also include irregular, higher-frequency waveforms called harmonics. If the level of harmonics becomes too

high, sensitive electronic equipment can be damaged². The efficiency of electrical loads can be improved by

attenuating harmonics at the supply, or by preventing their generation (figure 3).

Figure 3. Graph showing effects of harmonics before and after installation of voltage optimisation

Protection from Transient EventsProtection from Transient EventsProtection from Transient Events

Transients are large, very brief and potentially destructive increases in voltage. They can be caused by lightning,

switching of large electrical loads such as motors, transformers and electrical drives and by switching between

power generation sources to balance supply and demand. The voltage that a building receives can rise and fall

quite dramatically from hour to hour – even from minute to minute or second to second. Specific VO systems

can protect a facility up to 25,000V transient events.



Correcting Voltage ImbalanceCorrecting Voltage ImbalanceCorrecting Voltage Imbalance

Phase voltage imbalances can also be addressed by VO. Industrial and commercial sites are supplied with 3-

phase electricity. Imbalance between the phases causes problems such as heating in motors and existing wiring,

leading to wasteful energy consumption (figure 4)³. Some VO devices are able to improve balance on the

building’s electrical supply, reducing losses and improving the longevity of three phase induction motors,

typically used in a variety of equipment including refrigeration, pumps, air conditioning and conveyor drives.

Figure 4. Effects of voltage imbalance on a motor

Identifying how voltage optimisation can help specific sitesIdentifying how voltage optimisation can help specific sitesIdentifying how voltage optimisation can help specific sites

VO provides savings on a variety of loads but not all equipment will consume less energy. The greatest savings

come from inductive loads such as lighting and motors, especially if motors are not always loaded at 100% of

their capacity. A building, which has fixed speed devices such as air-handling units, multi stage compressors (i.e.

chillers), pumps and standard switch-start fluorescent fittings, will achieve high savings.

Some loads such as VSDs will also see savings but at reduced levels and some loads will yield zero savings but

will benefit in other ways. It is important to understand the electrical loading characteristics of your site and to

remember that no two sites are the same.

SavingsSavingsSavings

Analysis of an education facility pre and post installation of the market-leading voltage optimisation product

shows a reduction of 163,074kWh, which gives savings of 11.3% per annum, equivalent to £12,591 per annum.

This delivers a carbon dioxide reduction of 85.5 tonnes4.



Analysis is based on provided Half Hour Data (HHD) - data that is supplied by the electricity supplier based on

consumption every half hour – for a full year pre and post installation.

Figure 5. Average electricity consumption by half hourly periods pre and post installation of market-leading VO

system

ConclusionConclusionConclusion

VO systems work to address the issue of wasted energy that exists as a result of an imbalance between a

building’s incoming supply and its usage. Voltage is generally supplied to a site at a considerably higher level

than the optimal amount of 220V required by modern electrical equipment. This is because utility companies

cannot precisely target voltage over varying distances and simply transmit power in a way in which ensures that

all sites receive between 216V and 253V.

The average voltage delivered in the UK is actually 242V. This excess energy is still factored into a building’s

energy bills despite the fact that it offers no benefit to the business and can actually be detrimental to

equipment.

VO technology ensures that companies only pay for the energy that they need. In addition, it filters out

harmonics, transients and phase voltages to give a smoother power supply and extend the life of equipment.

With no moving parts, VO systems require no maintenance or monitoring and operate effectively for many

years without replacement. They also have a payback for the planet, by cutting energy consumption and

thereby reducing greenhouse gas emissions, they enable companies to make a positive environmental

contribution.



Continuous improvements and developments in VO technology has ensured that these systems will

complement and enhance existing energy saving initiatives already installed by many facilities.
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