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1: Executive summary and key points

1.1 Executive summary

The UK Government aims to reduce greenhouse gas emissions by at least 60% by 2050 and to increase the

share of energy generated by renewables from the present 4% to 15% by 2020, in effect, moving to a low

carbon economy. The UK is a net importer of energy and this is increasing. Our energy infrastructure is

ageing and a large proportion of nuclear and coal-fired power stations will be decommissioned before 2020,

creating a gap in available base load generating capacity. Even with the increase in renewable energy

sources, significant investments in new fossil fuel (including coal) and nuclear power stations will be required

in order to maintain electricity generating capacity. It is extremely doubtful therefore, whether either of these

targets can be met.

However, there is an achievable and cost effective way to tackling some of the inherent difficulties of moving

to a new lower carbon economy and that is through a concerted move to improve energy efficiency across

the built environment. It is estimated that 40% of the UK’s greenhouse gas emissions are the result of

business activities and in particular their use of buildings and other facilities. The Carbon Trust has estimated

that a 20% improvement in energy efficiency is easily achievable across most business sectors. This not only

reduces greenhouse gas emissions; it reduces business costs and helps reduce the UK dependency on

imported fuel, overall improving the economy and the competitiveness of UK business.

Data from Philips Electronics and the Carbon Trust, and the case studies in Section 5, indicate a huge

opportunity for businesses to improve their energy efficiency and reduce greenhouse gas emission. The IoD

would like to see the UK Government focus more effort in the area of energy efficiency, thereby enabling a

significant, achievable and cost effective contribution to the UK climate change commitments. The IoD would

also encourage UK business to adopt the cost effective approaches outlined in the Good Practice and Case

Studies in Section 5 of this report. Improving energy efficiency will quickly enable UK business to reduce

their operational costs and energy use, and reduce their individual greenhouse gas emissions.

All businesses and public sector organisations irrespective of size can benefit from becoming more energy

efficient. This report outlines the practical steps which demonstrate how they can reduce their energy bills,

reduce carbon emissions and ‘join the use-less generation’.
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1.2 Key points

• Improving energy efficiency is the most cost effective way of reducing the UK’s carbon emissions.

Energy efficiency can affect an immediate reduction in greenhouse gas emissions. It will help reduce the

UK’s dependency on imported energy sources, reduce the extent of the future energy gap and improve UK

business’s competitive ability.

• Small businesses in the UK are missing out on energy savings of more than £1 billion.

In 2004 the Carbon Trust published a report stating that British business in the burgeoning Small and

Medium Enterprise (SME) sector, is ‘throwing away one billion pounds a year in wasted energy’1. These

figures were startling at the time but with the increases in energy costs since 2004 this figure will be

significantly higher. Even taking steps to save 10% of business’s energy bill, overall savings of £1.9 billion

should be achievable.

• Inefficient and out of date office lighting is costing UK public and business sector organisations up to 

£1 billion per year and resulting in 1 million tonnes of avoidable CO2 emissions.

Potentially 75% of the UK’s public and private sector office lighting is based on outdated and inefficient

lighting systems. Research by Philips Electronics2 has highlighted that if these lighting systems – primarily

those using fluorescent lighting running on electromagnetic ballasts – were replaced by the latest lighting

technology, realistic electricity savings of around £500 million per year (€6 billion for all EU) could be

achieved and this could be doubled by the widespread use of lighting control systems. Currently, only 1% of

office/building lighting uses lighting controls (timers, presence detection and daylight controls).

• UK business energy spend in 2006 was around £19 billion.

According to the Department for Business, Enterprise & Regulatory Reform (BERR), UK business spend on

energy in 2006 was in the region of £19 billion3.

• The demand for energy is increasing.

Demand for energy in the UK is increasing and estimates of a 60% increase by 2030 have been forecast4.

The UK’s own reserves of oil and gas are declining and while significant amounts still remain, production has

peaked. The UK has now become a net importer of energy and as our economy grows, we will become

increasingly dependent on imported energy. Although the use of renewable sources of energy is increasing,

coal, gas and oil will remain the primary sources for electricity generation for the next 10 years or so5 –

putting at risk achievement of the UK Government’s climate change targets and the overall move to a low

carbon economy.
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• Prices will continue to rise.

The reality of current energy price rises since 2004 is that an industrial site with a gas bill of £1 million may

have to pay an extra £500,000 by the end of 2008 for gas. A knock-on effect of this is the rise in electricity

prices, as gas is used to fuel many power stations. A recent analysis by Thomson Financial expects to see

further price increases this winter perhaps in the region of 8%6.

• Energy efficiency is the most cost effective way to reduce carbon emissions.

Energy efficiency is the most cost effective way of reducing carbon emissions and thereby contributing to the

UK and European emission reduction targets7. It improves business productivity and competitiveness, and

can contribute to security of energy supplies by reducing the UK’s reliance on imported energy. The

technology is available today to improve energy efficiency. For example, efficient lighting and heating systems

can be installed for relatively low costs with a payback period as low as 6 months. Also, there are simple

steps that some businesses can take that do not require financial investment such as reviewing tariff rates

and voltage optimisation which can reduce costs and energy use.

• Results from a recent energy efficiency survey revealed that business still has significant opportunities 

to save energy.

Although many businesses are addressing energy efficiency, the results from a recent IoD survey8 showed

that more than 60% of responding organisations did not have an energy management policy or strategy and

more than half did not have a person with direct responsibility for energy management. A similar picture was

revealed regarding energy saving or efficiency programmes – almost 60% of organisations did not address

energy efficiency. Of those organisations which did address energy efficiency 30% reported energy savings

of between 6–10%.

• A focused approach to energy efficiency can yield savings for all businesses.

The case studies in this report demonstrate that all types of businesses can tackle the issue of energy use

and in so doing reduce their operating costs, increase their profitability and improve their competitiveness.

Relatively simple approaches to managing energy demand can significantly reduce energy bills and CO2

emissions by, in some cases, up to 20%.
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This report does not focus on the issue of climate change policies – a recent IoD policy paper 

‘A Competitive Response to Climate Change’9 has addressed this issue. Nor will this document cover

energy use related to transport. This has also been the subject of a number of separate policy papers

published by the Institute of Directors. This report concentrates on the practical steps that businesses can

take to deliver improvements in operational energy efficiency within the built environment, i.e. in the buildings

occupied and used by businesses, and in so doing reduce energy costs and address emissions associated

with climate change.

The IoD clearly recognises that improving energy efficiency is an area where business activities and

government climate change policies can move forward together. Improving energy efficiency reduces

business operating costs and improves overall organisational efficiency, thereby contributing to improved

competitiveness. It also reduces carbon dioxide (CO2) emissions and makes an active contribution to the UK

government’s energy policy and climate change commitments. The IoD also acknowledges that although

many businesses are currently engaged in addressing the issues of energy and climate change, further

improvements, particularly in energy efficiency, can be achieved. This report, through highlighting a variety of

case studies, aims to provide a resource for and encouragement to our members and UK business as a

whole in the drive to improve energy efficiency.

Businesses in the UK spend billions of pounds annually on energy and even small price increases can have

a dramatic effect on their ability to compete on the global stage. For example, Small and Medium

Enterprises (SMEs), which contribute more than half of our GDP, spent an estimated £3.5 billion on energy in

200610. These smaller businesses, particularly if they are energy intensive such as printing, plastics and glass

product manufacturing companies, and food producers, have been significantly affected by recent energy

price rises – in the region of 50% in the past 18 months! This is compounding many of the financial

problems small businesses face.

UK business activities account for around 40% of the UK’s carbon emissions and almost half of these

emissions result from the energy used in buildings and operational activities11. Energy intensive businesses

already face regulation and incentives to reduce carbon emissions through for example, compliance with

Climate Change Agreements (CCAs) and the EU Emissions Trading Scheme (EU-ETS). A further cap and

trade scheme as part of the forthcoming Climate Change Bill, the Carbon Reduction Commitment (CRC), will

be in place by 2010. This new Government regulation is aimed at large non-energy intensive public and

private sector organisations i.e. those which use more than 6,000MW/h per year (see Box 2). The

organisations which will come within the CRC scheme are estimated to account for around 10% of UK

emissions. However, there still remain a large number of smaller companies, which in total also contribute

around 10% of the UK CO2 emissions. These businesses, like larger organisations, pay the Climate Change

Levy (CCL) but in the main are not directly addressed by government policies or support from government

organisations such as the Carbon Trust funded from the levy12.
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All businesses and public sector organisations irrespective of size can benefit from becoming more energy

efficient. This report outlines the practical steps through a variety of case studies which demonstrate how

they can reduce their energy bills, reduce carbon emissions and ‘join the use-less generation’.

2.1 Energy efficiency and climate change

There appears to be little doubt within much of the international scientific community and most

governments, including the UK’s, that the issue of climate change is one of the most challenging problems

faced by this generation (and possibly subsequent generations). The UK Government has made a number of

climate change commitments which will impact across all parts of society including business. The

Government aims to reduce the UK’s carbon emissions by a minimum of 60% by 205013. The UK

Government supports the EU renewable energy target of 20% by 2020 and has also indicated that it will

adopt a binding UK share of this target – 15% of all the UK’s energy (covering the electricity, heat, and

transport sectors) to be sourced from renewables by 2020.

To address climate change successfully will require a variety of changes within government, business 

and society. These include developing effective energy policies, implementing more efficient use of 

existing energy sources to generate electricity, development of low-carbon energy sources, technological

innovation and increasing skill levels. These will all take a significant time to be put in place and to 

contribute effectively to a low carbon economy. However, it is clear that significant reductions in emissions

can be achieved immediately through the implementation of efficiencies in energy use from existing practices

and technologies.

The IoD actively promotes the part that business can and should play in helping deliver the changes required

to move towards a lower carbon economy. The IoD also recognises that businesses in the vanguard of the

move towards a low-carbon economy will be those which will be in a position to realise new and emerging

market opportunities.

No matter what view is taken regarding climate change there is no doubt that it has become one of the

most important issues facing governments, business and society at large. Increasing use of energy sourced

from fossil fuels such as coal, gas and oil is generally understood to be a major contributor to increasing

levels of the atmospheric gases which are driving climate change.

The Institute of Directors recognises that business is integral to success in addressing the problems of

climate change, and also in helping the UK and EU to achieve their emission reduction targets.

Reducing CO2 emissions through improving energy efficiency is primarily about reducing end-use demand.

In most commercial and industrial buildings energy is used in the forms of electricity (indirect) and gas

(direct). The description of electricity as indirect is because it is generated through the burning of fossil fuels

(gas, oil and coal). The burning of fossil fuels results in the direct emission of CO2, the main greenhouse gas

believed to be responsible for global warming. The more electricity is demanded by the end user, the more

electricity has to be generated, causing more fossil fuels to be burned and resulting in increased greenhouse

gas emissions. The CO2 emissions are calculated for natural gas at 0.19 kg/kWh based on its carbon

2: INTRODUCTION
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content, whereas grid electricity is calculated at 0.43 kg/kWh electricity used. The actual CO2 emissions

associated with grid electricity vary depending on the energy generation mix but for the purposes of current

emission accounting, the UK Government (Defra) will use the existing figure of 0.43 kg/kWh until 2010. 

2.2 UK energy efficiency – the current view

The Department of Trade and Industry (DTI) – now known as The Department for Business, Enterprise and

Regulatory Reform (BERR), published the Energy White Paper, ‘Meeting the Energy Challenge’14 in 2007,

which set out two long-term challenges:

• Tackling climate change by reducing carbon dioxide emissions both within the UK and abroad; and

• Ensuring secure, clean and affordable energy as we become increasingly dependent on imported fuel.

A key point emphasised in the Energy White Paper was that using energy more efficiently is the fastest and

most cost effective way of reducing energy use and cutting CO2 emissions. There are various government

instruments and policies aimed at encouraging the implementation of and investment in energy efficiency,

which includes the Climate Change Levy (CCL) and Emission Trading Schemes.

Although businesses in the UK are improving energy efficiency, recent research by the Institute of Directors

found that 60% of organisations surveyed were not addressing energy efficiency15. The result of the IoD

survey reflected similar findings of the National Audit Office report on The Carbon Trust16, which highlighted

that although the Carbon Trust’s work had contributed to significant energy savings and carbon emission

reductions in a number of larger organisations, it had worked with a relatively small proportion of businesses

and that wider market penetration would be required to generate greater reductions in CO2 emissions.

In 2004 the Carbon Trust pointed out that British businesses in the growing Small and Medium Enterprise

(SME) sector was ‘throwing away 1 billion pounds a year in wasted energy’17. Given the significant increase

in energy costs since then, this figure will be significantly higher today. Overall, even taking a conservative

average (and easily achievable) of a 10% saving this could represent savings of around £1.9 billion for UK

business as a whole! Since 2004 energy prices have spiraled. Gas prices from the beginning of 2004 to the

end of 2006 rose by 67%. This was coupled with a 41% increase in electricity prices in the same period.

The crude oil price was around $55/barrel in 2004 and apart from a dip during early 2007, by mid 2008 the

price had exceeded $140. Many forecasters are expecting the price to exceed $150 by the end of 2008.

In addition, research by Philips Electronics in 200618 highlighted that inefficient and out of date office lighting

was costing UK public and business sector organisations up to £1 billion per year. Their research found that

potentially 75% of the UK’s public and private sector office lighting is based on outdated and inefficient

lighting systems – primarily those using fluorescent lighting running on electromagnetic ballasts. If these were

replaced by the latest lighting technology, realistic electricity savings of around £500 million per year 

(€6 billion for all EU) could be achieved and this could realistically be doubled by the widespread use of

lighting control systems. They estimated that in 2006, only 1% of office/building lighting used lighting

controls (e.g. timers, presence detection and daylight controls).

2: INTRODUCTION
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The Philips data and the Carbon Trust information, as well as the case studies in Section 5, indicate a huge

opportunity for businesses to improve their energy efficiency, reduce their energy use and costs and

therefore reduce their CO2 emissions.

2.3 Outline of UK regulatory framework

The 2007 Energy White Paper noted that improving energy efficiency will require everyone – individuals,

businesses and Government – to take action. Individuals and businesses can play their part by reducing the

waste of energy, by investing in energy efficiency measures for the home and workplace, by constructing

more energy efficient buildings and by choosing to purchase more energy efficient products. The

Government’s aim is to encourage and enable action by businesses and individuals by ensuring that the

right regulatory and fiscal frameworks are in place.

The European Commission published a Green Paper on Energy Efficiency19 in 2005 ‘Doing More With Less’,

which estimated that the EU could save at least 20% of its present energy consumption in a cost effective

manner, equivalent to €60 billion per year, or the present combined energy consumption of Germany 

and Finland. 

In order to ensure integration of energy efficiency measures into national legislation the European

Commission (EC) proposed several directives. In response to the EC directives, and in order to 

achieve its Kyoto commitments the UK government has put in place a range of policies, schemes and

regulations which transpose the EC directives and aim to reduce emissions and develop the transition to

a low-carbon economy.

The following is a brief list of the main regulations and policies related to energy efficiency in the UK which

currently and in the near future, will impact businesses and consumers. It is not comprehensive and this

document does not aim to detail their impact on the various business sectors:

• Climate Change Levy and Climate Change Agreements – A levy introduced in 2001 for most 

non-domestic energy users. Further details are contained in Box 1. For more information see

www.defra.gov.uk/environment/climatechange/uk/business/ccl/index.htm

• The Climate Change Bill (currently going through Parliament) – Sets out the targets for cuts in UK 

carbon emissions, making them legally binding and will enable new powers for the Government more 

easily to implement emissions policies. It also describes the formation of an independent Committee 

on Climate Change to monitor and advise on progress towards these targets. The Bill contains 

enabling powers to introduce new trading schemes, such as the Carbon Reduction Commitment (see 

Box 2), through secondary legislation. The Bill increases the policy options which Government could 

use to stay within budgets and meet emissions targets, while maintaining the need for thorough 

analysis, consultation and scrutiny of proposals before a new scheme is introduced. The devolved 

governments of Scotland and Wales have already enabled or are in the process of putting in place 

their own Climate Change Bills. For more details see

http://www.defra.gov.uk/Environment/climatechange/uk/legislation/index.htm

2: INTRODUCTION
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Box 1 Climate Change Levy (CCL)

The Climate change levy (CCL) is a government imposed tax which came into effect from 1 April 2001. The

money collected from this tax goes towards the Government’s energy efficiency programme to reduce

greenhouse gas emissions by 2010. Consumers who pay VAT at 17.5% will pay CCL. Suppliers do not

make any money from the CCL charge, all money goes to the Government.

Rates of the CCL from 1 April 2009 are as follows:

Electricity  0.47p/kWh LPG 1.05p/kg

Natural Gas  0.164p/kWh Coal 1.281p/kg

Fuel oils are exempt from levy because they are already subject to excise duty. It was the Government’s

intention to raise approximately £1 billion during 2001/2, with the intention to redistribute the taxation

collected via a 0.3% reduction in employers’ N.I. contributions, together with an allocation of £150 million for

support to energy efficiency and renewables.

Exemptions from the CCL include:

• New forms of renewable energy except large hydro electric plants or nuclear power stations

• ‘Good quality’ combined heat and power plants under the CHPQA programme

• Energy products that act as both fuel and feedstock, within the same process 

(electrolytic processes)

• Public transport services that pay 0% VAT

• Charities

• 5% VAT rated users < 1,000kWh per month (12,000 kWh or Units per year)

• The horticulture sector was eligible for a discount of 50% in the rate of levy for up to 5 years

• Certain energy intensive users – in particular cement, chemical, ceramics, food & drink, 

aluminium, paper, foundries, non-ferrous metals and steel. These Industries will be entitled to 

80% discount from CCL providing they sign up to a Climate Change Agreement (CCA) with energy 

saving targets agreed with the Government.

• The purchase of green electricity.

2: INTRODUCTION



• EU Emissions Trading Scheme – A mandatory cap and trade scheme for specific energy intensive 

activities. For more information see 

http://www.defra.gov.uk/environment/climatechange/uk/business/trading.htm

• Energy Performance of Buildings Directive and Energy Performance Certificates – By January 2009, as

part of the directive, Energy Performance Certificates (EPCs) must be produced when buildings are 

constructed, sold or rented. For homes the requirement for EPCs is already in place. For more 

information see http://www.defra.gov.uk/environment/climatechange/uk/energy/efficiency/index.htm

• Enhanced Capital Allowances for energy efficient equipment. This allowance is claimed when 

equipment is installed if it is included in the Energy Technology List (ETL) which details over 6,000 

products meeting Government-prescribed energy efficiency criteria. The scheme allows up-front tax 

relief for businesses paying corporation tax or income tax that invest in energy saving equipment. A 

large number of technologies are listed including automatic monitoring and targeting equipment (smart

meters), lighting equipment and controls, motors, variable speed drives etc – for more information see 

http://www.eca.gov.uk/etl. For example, if a business pays corporation tax at 28%, every £1,000 

spent on qualifying equipment would reduce its tax bill in the year of purchase by £280. In contrast, for

every £1,000 spent the generally available capital allowance for spending on plant and machinery is 

20%/year on the reducing balance basis, which would reduce the business’s tax bill in the year of 

purchase by £56. In other words, an ECA can provide a cash flow boost of £224 for every £1,000 it 

spends in the year of purchase. ECAs provide 100% tax relief, so there is no further tax relief in later 

years. The general rate of capital allowances does not provide 100% tax relief so there is a balance of 

spending to carry forward on the reducing balance basis for relief in later years. 

• Carbon Reduction Commitment – Due to come into force in 2010. A mandatory ‘cap and trade’ 

scheme covering emissions from larger business and public sector organisations. For more 

information see Box 2 overleaf.

IoD Policy Paper 13
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Box 2 Carbon Reduction Commitment (CRC)

CRC is a cap & trade scheme announced in the Energy White Paper 2007, which will apply mandatory

emissions trading for large non-energy intensive organisations in the private and public sectors. It is

designed to drive energy efficiency and carbon savings through the financial incentive of emissions trading.

This will be combined with publishing organisations’ performance in a league table. The CRC is scheduled to

start on 1 January 2010 but the qualification year is 2008. During 2008 UK organisatons with annual energy

consumption of 6,000 MWh and above will be included in the CRC. This equates to an annual energy bill of

around £500,000. It has been confirmed that the CRC will be a UK wide based scheme.

In terms of identification there will be an obligation on energy suppliers to supply bill payers of half hourly

metered electricity with an information pack, listing their half hourly meters and their annual consumption for

2008. Suppliers will also provide government with a list of these organisations and annual consumption

figures in each case.

The scheme uses a top-down approach to identify if an organisation comes under CRC and will place an

obligation on the highest UK parent organisation. The parent organisation will be required to report the

aggregate emissions of all parts of its organisation including subsidiaries. The parent company will then be

required to collate the information it has been given from all parts of its organisation and its electricity

suppliers to enable it to assess as a whole if it falls within CRC. The organisation will be required to account

for all its energy use, not just half hourly metered electricity.

Timetable:

• Climate Change Bill in Parliament – November 2007

• Report of Consultation on draft CRC regulations – Summer 2008

• CRC qualification year – 2008

• CRC regulations in force – January 2009

• Identification of CRC participants – Early 2009

• CRC scheme begins – January 2010

• Initial Phase – 2010 to 2012 

• The price of allowances for the initial phase has been set at £12/tCO2.

For additional information:

http://www.defra.gov.uk/environment/climatechange/uk/business/crc/index.htm
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• Building Regulations – Building Regulations 2000 (as amended) which are made up of:

• Procedural regulations that set out what kind of work needs Building Regulations approval 

and how that approval should be obtained

• Technical requirements that set the standards that should be achieved by the building work. 

This area contains the Part L Approved Documents which relate to the Conservation of Fuel 

and Power in buildings other than dwellings. For more information see

http://www.planningportal.gov.uk/england/professionals/en/1115314112742.html

• Environmental Transformation Fund – Funding for Low Carbon Technologies amounting to £400m 

over the next three years. A new joint Defra/BERR fund part of this year’s budget. For more 

information see http://www.defra.gov.uk/environment/climatechange/uk/energy/fund/index.ht

• Market Transformation Programme – a programme which supports the development and 

implementation of UK Government policy on sustainable products. For more information see

www.mtprog.com/

• Public procurement policy and standards – for more information see

http://www.ogc.gov.uk/procurement_policy_and_the_eu_sustainability.asp

• Carbon Trust – an independent company set up by the Government with the aim to accelerate the 

move to a low carbon economy through providing assistance to business and organisations to 

reduce carbon emissions and develop commercial low carbon technologies. 

For more information see www.carbontrust.co.uk
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According to recent data from BERR, total energy spend by UK business exceeded £19 billion in 2006 and

commercial and industrial buildings currently account for around 20% of UK greenhouse gas emissions20.

It is widely understood that energy efficiency is the most cost effective and achievable approach to reducing

greenhouse gas (GHG) emissions. This is an area where significant savings in costs and CO2 emissions can

be made in a relatively short time through addressing energy efficiency both in existing buildings and in

standards for new builds.

There are a number of points related to the use of energy in business and public sector organisations:

• It contributes to the operational costs of organisations and in some energy intensive businesses it has 

a significant part to play in a business’s maintaining its competitive edge

• It results in emissions of greenhouse gases from the direct burning of fossil fuels in the production of 

heat and generation of electricity

• In order to achieve Government climate change targets significant investment is required to move 

towards low carbon sources of energy 

• As demand for energy and related infrastructure developments increase there is a resulting increase in 

energy costs

• The majority of energy use for the foreseeable future will be based on fossil fuels

• The UK is a net importer of energy and as the main sources of fossil fuel supplies are located in 

politically volatile areas, there is therefore increased risk to energy supply.

In overall terms most energy used by businesses and other organisation in their buildings and facilities is in

the forms of:

• Natural gas – mainly used in heating systems for both buildings and processes, and

• Electricity – used for lighting, air conditioning systems, motor drives and office equipment including IT 

and other communication equipment. 

However, as shown in the BERR statistics, electricity is the major energy source21 used by business in

operating their facilities and processes. The efficiency of electricity production in most thermal power stations

is between 30–50%. Therefore, the unnecessary consumption of electricity can result in a two or three fold

increase of CO2 emissions per delivered unit of energy, typically measured in kWh when compared to the

direct consumption of fossil fuels.

3: THE BASICS OF ENERGY

3: The basics of energy



The electricity supply industry has three areas:

• Generation – primarily by large centralised power stations

• Transmission network or Grid which transmits electricity via overhead high voltage lines

• Regional distribution networks of lower voltage (132kV and below) via overhead and underground lines.

Electricity is generated from a diverse mix of fuel sources. Figure 1 shows the 2006 fuel mix used to generate

heat and electricity at the UK power stations.

Figure 1: The 2006 Energy Mix

Source: BERR

In 2006, most of the UK’s electricity was generated by gas, coal and nuclear power stations. Thirty large

(>1GW) power stations meet the majority of the UK’s base electricity demand, which is ~40GW at a typical

point in time and ~60GW at peak.

The contribution from coal and nuclear plants will fall as stations close, leaving an estimated ‘gap’ of ~15GW

by 201522. This will be filled in the short–term by new gas and renewable (mainly wind) generation but will also

require the introduction of new generation nuclear and coal-fired power stations to meet the current energy

demand. However, as set out in The 2007 Energy White Paper, the UK aims to increase the proportion of

electricity produced from renewables from the current 4% to 10% by 2010 and 20% by 2020. Note that the

15% renewable target currently being considered by the UK Government is related to total energy use and

not just electricity generation. The renewable portion of electricity generation to meet the target is in the region

of 40%.

Renewable energy is arguably no less reliable than energy generated from more traditional sources and using

it does not mean that an organisation would have to change to new equipment or appliances but renewable

energy does tend to be intermittent. Neither wind nor solar energy, both of which are inherently intermittent,
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can replace continuous base-load power. Basically, the only technologies that can produce large amounts of

base-load power that supplies the necessary electricity to cope with standard and variable peak demand are

fossil fuels (oil, coal and gas) and hydroelectric plants. Nuclear power plants can be considered in some

circumstances to provide variable demand. Given that the Government aims to reduce fossil fuel use and

that potential hydroelectric sites are limited, nuclear power must form a significant element in the energy

power supply mix. Every solar panel and every wind turbine must be backed up by reliable power when 

the sun isn’t shining and the wind isn’t blowing, at least until the considerable problem of electricity storage

is overcome.

Renewable energy sources and technologies in the UK include: 

• Biomass/biofuels 

• Geothermal (mainly through use of ground source heat pumps)

• Hydro-electrical small scale hydro 

• Wind power/wind turbines

• Solar – photovoltaic (solar PV) 

• Solar – water heating 

• Tidal and wave power.

Other energy sources may be considered as low-carbon and include energy from waste, including capture

and combustion of methane, and co-generation such as good quality Combined Heat and Power (CHP).

The Government in its 2007 Energy White paper also recognised that even if we increase the proportion of

renewables and realize more potential for increasing low carbon sources of energy such as nuclear, fossil

fuels (coal, oil and gas) will still play a significant part in meeting the the UK’s energy needs for the

foreseeable future.

Both the European Commission’s green paper ‘Doing More With Less’23 and the subsequent UK Energy

Efficiency Action Plan 2007 published by Defra24 positioned energy efficiency as the quickest and most cost

effective way of cutting CO2 emissions.

The price of energy (gas and electricity) is closely aligned to the price of crude oil and as we have seen over

recent months, the price of crude oil has continued to increase and now stands in the region of $140/barrel

(June 2008). This has the effect of increasing the wholesale cost of gas, the cost of energy transportation

and therefore prices to consumers but there are other factors which cause the cost of energy to increase,

including the energy supply companies having to complying with UK regulatory requirements. These include

the obligations on energy supply/generation companies to increase investments in infrastructure and costs

associated with regulations such as the Renewables Obligation and the future installation of smart meters.
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The UK power generation landscape is changing; firstly through phasing out around 35% of the UK’s

electricity generating capacity as the older coal and nuclear plants are taken out of commission, and

secondly through the increasing supply of energy from renewable sources. As older plants close and until

the renewables sources can take up the difference, the UK will be even more reliant on imported gas,

possibly importing up to 80% of our gas requirements by 2020. However, given the intermittent nature of

renewable energy sources, a greater investment in new generation nuclear and coal fire power stations may

be required to ensure an adequate base-load and an alternative to imported gas.

This potential energy gap emphasises the critical importance of energy efficiency which could partly fill this

gap in a cost effective manner. If the demand for electricity (and gas) is reduced then the UK will be in a

better position to move forward towards lower carbon energy sources and to enable significant reduction in

CO2 emissions to be achieved.
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The approach to reducing energy use and associated greenhouse gas emissions is similar to almost any

other aspect of improving a business’s or organisation’s operations. If the business improvement is to be

successful and sustainable in the long-term it must form part of the overall business strategy and have

appropriate resources, planning, key performance measures, communication and reporting.

4.1 Strategy – an economic, risk-based approach

Energy efficiency is often referred to as a ‘no-brainer’ or ‘no-cost’ business activity. However, if either of

these terms were actually true we would not be writing this report and all businesses would be doing it! To

address energy efficiency in an effective and sustainable manner will require management and staff time and,

depending on the extent, it may also require direct financial investment. The main point here is that the

allocation of resources to address energy use should be clearly appropriate to the economic and

environmental aspirations of the organisation. 

In order to make an informed decision as to whether or not, and to what extent, energy efficiency is to be

tackled as part of the organisation’s operational activities, it is first essential to know:

• how much energy is being used and its cost within the organisation and;

• what benefits would be realised by adopting an energy efficiency programme.

Then the organisation can decide if and how to tackle energy use. The old adage that ‘if you can’t measure

it, you can’t manage it’ is particularly relevant to energy use. It is worth mentioning that in carrying out a cost

benefit analysis or return on investment (ROI) assessment, consideration of the various tax reliefs should be

included. This might include relief from CCL, Enhanced Capital Allowances etc.

All organisations can reduce their energy use and associated greenhouse gas emissions but it has to make

both economic and business sense before committing to spend what can be relatively significant amounts of

time and resources. It may not be a wise use of resources to tackle energy use if a company has a low

energy bill, say less than £5,000/pa (although it should be recognised that most reductions in operational

costs will make sense) or say, if a business has a turnover of around £500,000 with energy representing less

than 1% of operating costs, then it may be considered uneconomical to invest significantly in energy

efficiency. This being said, it may fit with the overall profile and aspirations of the company to address and

minimise energy use, perhaps in line with other environmental aspects as part of its corporate responsibility

objectives. It may also be that the organisation decides to take a wider, supply chain approach to mitigation

of greenhouse gas reduction (its carbon footprint). 
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4.2 Resourcing

Allocation of sufficient resources to address energy efficiency can present something of a challenge to many

businesses, in particular smaller businesses that may not have the necessary in-house technical expertise.

However, even in this situation or where the energy costs represent a small proportion of operating costs it

can make economic sense to define and allocate resources to plan and manage these costs. Although there

are basic principles which apply to addressing energy use in all companies, such as switching off lighting

and equipment that is not in use, the development of an overall programme should be tailored to the

character and type of a business – it is not a one-size fits all situation. It is also worth reiterating that any

improvement plan should include an element of ensuring sustainability in order to gain the maximum benefit.

For example, an energy intensive manufacturing business could develop a broad-based plan aimed at

reducing base and operational loads (see the Marshalls case study for a typical approach) but the details will

be specific to the business and sector. This should ideally identify all energy-using equipment and processes

then target the high energy use but not forgetting the small items which collectively can account for

significant levels of energy use and essentially engagement of people. 

4.3 Developing a plan

Planning to address energy use is similar to most business improvement plans and good project

management skills will go a long way towards effectively delivering improved energy efficiency. Briefly, a plan

should include:

• Know your starting point – as previously mentioned, know what energy use/cost is and when an 

outline plan is being created set a realistic start date

• Set your overall policy and objectives – these can be fairly general and may form part of the 

organisation’s corporate responsibility and/or environmental policy. However, the more specific the 

policy is the better. It is essential that the policy and objectives are communicated to all relevant 

stakeholders. Objectives may form part of the policy statement or be developed by management 

teams in response to the policy – it depends on the complexity and scale of the organisation.

• Establish the processes and/or project plans necessary to deliver the objectives including who is 

responsible, the timescales and how these and the overall plan’s progress will be communicated

• Identify and allocate a budget and other resources – it may be beneficial to include targets for 

individuals and groups

• Ensure there are measures and targets against which to check progress

• Review process to measure and report progress against your objectives and targets.

This is in effect a version of the Plan, Do, Review process. One point to make is that the details of the plan

and processes adopted should not turn out to be the ‘tail wagging the dog’ but should effectively and

efficiently facilitate the achievement of reducing energy use and costs.
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If the energy costs are significant and/or the organisation decides to address energy use in a comprehensive

way, an energy survey is usually required in order to identify the areas where maximum benefit for a given

cost can be gained. The cost of a survey will depend on the extent and depth to which it goes but costs

may be partly offset by either working with the energy supplier (or an energy services company (ESCO) or in

conjunction with a Government support organisation such as the Carbon Trust or Envirowise). If the

organisation has sufficient internal resources the survey could be carried out by in-house engineers or it may

be decided to employ a consultant engineer.

The following is a list of items that may be included in a survey – it is not comprehensive but covers many of

the areas found in most business premises. Some processes will have specialist equipment which may

require the services of competent engineers in order to monitor and check efficiency:

• Review of energy bills and how these are recorded and managed

• Measurement of energy use – requires reasonably accurate metering and where possible energy use 

should be split by type of equipment. This is where monitoring and targeting is a useful procedure. The

following list gives examples of areas to be considered but it will depend on the complexity and 

operations of the organisation:

• Lighting levels and controls – internal and external

• Ventilation/air conditioning levels and controls

• Thermostat settings

• Heating systems and controls

• Processes e.g. compressed air

• Small power e.g. IT equipment and other office equipment

• Substation voltage levels (if appropriate)

• Assessment of timers and other controls.

• Identify inefficient equipment and poor practice, which may include:

• Maintenance issues e.g. compressed air leaks, flickering lights etc

• Lights and other equipment left on when not required 

• Local air conditioning units left on when an area is unoccupied.

A comprehensive energy survey or audit should include a series of ‘walkabouts’. As energy use will vary

throughout the day and/or week it is best to carry out a number of these tours and at various times. For

example, during normal working times, lunch times when staff are away from their areas of work, during and

after cleaners, outside normal work hours and at weekends (if work patterns differ from Monday to Friday).

22 IoD Policy Paper 

4: DELIVERING ENERGY EFFICIENCY



The output from a survey should be a report which provides the energy consumption and patterns over a

given time period. If half-hourly data is available this can show how electricity is used throughout a 24 hour

period and if high and low use areas can be identified so much the better. The report should also provide an

action plan detailing a prioritised list of areas/equipment to be tackled including outline costs. The aim is to

ensure that energy supply is matched to demand and then reduce demand.

4.4  The people approach

At the heart of any energy efficiency endeavour are people and influencing the energy behaviours of an

organisation’s people must form a central part of any plan to reduce energy use.

Depending on the complexity, size and operational diversity of an organisation it may be useful to carry out a

‘stakeholder analysis’. This should include employees at all levels, senior management, staff, customers,

suppliers (especially the energy supplier), regulators, investors etc. A stakeholder analysis needn’t be a

complex process but it should be aimed at identifying and understanding who the key players in energy

efficiency are, where their influence lies, whether they are for or against the changes and what it will take to

influence them. 

Many of the case studies in this report, although they may focus on technological improvements, make it

apparant that well-motivated people are at the heart of effectively reducing energy use.

A key part of sustaining changes like energy efficiency is communication – know what your main message

for the various stakeholders should be and develop your communication campaign around this. For

example, you may focus on the environmental benefits of tackling climate change and/or your main outcome

could be focused on an economic, or a competitiveness approach through reducing costs.

In larger organisations it can pay dividends to survey the understanding and commitment of employees. The

results can then be used to develop a more flexible approach which can allow for the different views of the

various staff groups.

4.5 The technology approach

The important point to make here is that an effective approach to energy efficiency should not just rely on

trying to persuade people to switch lights and equipment off – important as this is. A people approach may

in fact be the limit of an organisation’s energy efficiency plan but this singular approach is generally limited to

organisations with very small energy costs. However, even in smaller businesses the installation of energy

efficient equipment such as presence detectors to control lighting, especially where a light may be left on in

a room or area that is not easy to see such as cupboards or toilets, or installing simple timers etc., can have

a very quick payback – sometimes as short as a few weeks.
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Another important point to understand is that even if you do fit, for example, energy saving light bulbs, if they

are not switched off when not required then the maximum benefits will not be realised. Equally, if lighting or

heating controls are fitted to optimise operations and these are then regularly over-ridden the potential

savings will be lost, and finally, equipment should be maintained to ensure optimum efficiency. For example,

flickering fluorescent lights will use more energy and should be repaired as quickly as possible.

The following section outlines case studies which illustrate successful energy reduction in a wide range of

businesses and other organisations.
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This section forms the most important part of this report which both outlines areas of good practice

and provides examples of companies that have adopted energy efficiency as a strategic part of their

business processes.

5.1 Managing the energy bill

As previously mentioned, it is essential that you know how much you are paying in order to decide your

approach to energy efficiency. However, even if your energy costs are not particularly significant, it is always

worth asking the questions: Is the business paying too much for its energy? Is the business on the 

correct tariff?

The simple way to approach these questions is to contact your energy supplier to explain your bill and tariff

rate. This may be as simple as making a phone call to the supplier’s help-line but it may require a visit from

the supplier. Although energy suppliers are not obliged by law to offer help to business, as they are required

to advise domestic customers on ways to reduce energy use, it makes good sense to form a partnership

with the supplier. A good supplier is one that will respond to a customer’s requests to become more 

energy efficient.

An invoice or bill should include data on:

• Charges and CCL rates

• Time period of invoice and meter readings

• Consumption – this is usually shown covering the two periods; daytime (7am to midnight) and 

night-time (midnight to 7am) measured in kWh i.e. the kilowatts used per hour. Note that in many 

situations if there is high night-time consumption this should be investigated.

• Total consumption again expressed as kWh

• Maximum demand – the peak power in kW in a 30 minute period during the period of invoice, usually 

monthly. This needs to be the minimum required. Note that if the maximum demand capacity is 

exceeded high charges are levied.

• Price – the costs of the various charge periods in p/kWh

Gas invoices normally only include total consumption over the period in kWh.
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Questions to consider:

• Can you avoid paying the Climate Change Levy (CCL)? All businesses are charged this levy if the 

energy bill applies to an industrial or commercial facility and there are ways to reduce or avoid this 

charge. For example, green electricity is exempt from the CCL and depending on the supply contract 

it may not always be more expensive than a standard tariff.

• Are your electricity charges based on a maximum demand which is above that ever reached?

• How accurate is the energy meter/bill?

• Are you charged for what is used or is the charge based on estimated usage?

All these questions are best answered in discussion with your energy supplier.

5.2 Monitoring and targeting – invoices and metering (sub-metering)

The principles of monitoring and targeting are to:

• Measure present energy consumption

• Compare and assess over time – identify trends 

• Set benchmarks and future improvement targets

• Provide data for progress reports.

It should be noted that metering does not save energy in itself but provides essential information on

consumption which enables improvements to be made. The basic four-step process is data collection;

analysis; reporting; action.

Most energy consumption and cost information can be obtained from invoices and meters and these can be

used to cross reference consumption and charges to check the accuracy of the bill – see above for

information on invoices. 

As mentioned above there is no obligation for a supplier to go beyond supplying accurate billing and overall

meter data but most will support collection and analysis of data if required, although there may be a charge

for this service. However, if an organisation has a significant energy bill then it should employ the services of

a competent energy manager with appropriate data management tools to monitor energy costs and ensure

efficient use over time. 

Once a reliable monitoring process has been established improvement targets can be set to reduce 

energy use.
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A general point is that monitoring energy use needs to account for the seasonal differences in energy

demand through changes in weather conditions. A system called degree-days is used which allows energy

use to be assessed to take account of differences in heating (and cooling demands in air-conditioned

buildings) due to different weather conditions.

Basically, the energy required to maintain an internal temperature depends on the difference between the

internal and external temperatures. Degree-days utilise the daily difference between a base temperature and

the 24 hour mean external temperature. Using correction for degree-day data in the analysis of energy bills

can help eliminate changes in energy consumption resulting from weather conditions. This can provide a

more consistent picture of energy performance. However, the correction should only be applied to the

energy consumed by building services i.e. the energy to heat or cool a building. Process-related energy

consumption should be independent of outside temperature. UK degree-day data and information on their

use can be found at http://vesma.com/ddd/index.htm.

Even at its most basic level, metering is essential to allow management of energy use. Metering and

monitoring systems are essential in order to provide the detailed information required to help minimise plant

or building power consumption. Without a detailed understanding of current energy usage, services and

equipment may be running when not required or running sub-optimally. Efficient management of services

such as electricity, gas, steam, high pressure hot water (HPHW) heating systems, processed cold water, and

compressed air will make significant contributions to energy costs within a facility. However, facility or energy

managers often spend considerable man-hours gathering, collecting, checking and analysing metered data

so that they can produce information in order to optimise the facilities’ energy use. Due to these restrictions

the information is often generated at periodic intervals rather than in real time introducing a delay to the

response time – resulting in further potential energy wastage. 

The ideal situation has always been to have real-time information. However, the cost and practicalities of

wiring main meters back to central data collection system usually result in only a few main meters being

installed. Sufficient sub-metering and monitoring to allow efficient energy management may be considered

too costly. 

Digital wireless technologies are now available as alternatives to many traditional wired applications and

digital wireless technologies that replace conventional wiring are now a realistic proposition. Technologies

based upon the IEEE 802 working group’s standards have been adapted for industrial use. Developments in

the areas of battery life, energy harvesting and energy management allow wireless sensors to operate

without the need for wired power or unrealistic intervention intervals.

Conventional industrial signals (i.e. 4-20mA) can be transmitted across wireless infrastructures to more

convenient locations where they can – via a gateway – be connected to structured wiring. Wireless

infrastructures can be rapidly reconfigured and are relatively tolerant of interference. 
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Even if there is no need for real-time data acquisition, digital wireless technologies can eliminate the need 

to be physically close to the meter in order to take a meter reading and they can avoid or reduce 

recording errors.

Key benefits of digital wireless metering:

• enables management of energy supply and use

• wireless technology is now available and can reduce cost (labour and materials) of installation

• allows energy optimisation of existing services or equipment

• can be used to reduce energy costs

• easily deployed for energy auditing purposes.

Digital wireless technologies (so called smart meters) can dramatically reduce the cost of infrastructure

required for data acquisition and allow collection of data that without wireless links would not be

economically viable to obtain. The ability to collate a greater depth of information allows energy usage to be

monitored closely and can enable prompt corrective action to be initiated. Wireless technologies can also be

deployed with less operational disruption and on a temporary basis for energy auditing purposes.

Figure 2: An example of a smart meter

5.2.1 Case study – Canary Wharf building services company

The company is a leading real estate services and money management firm, delivering strategic, 

fully-integrated services for property owners, investors and occupiers. It is an industry leader in property 

and corporate facility management services, with a portfolio of over one billion square feet worldwide.

The company manages properties all over the world, including a high profile building in Canary Wharf, which

is sublet to a number of leading financial institutions and commercial enterprises. Siemens Energy Services

was awarded the contract to provide and maintain a tenants’ sub-metering system for the new building.

Siemens Energy Services delivered a metering system that would allow the customer accurately to allocate

energy costs per floor – per tenant.
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Requirement: accurate allocation of energy costs

The customer needed to allocate energy costs accurately to each of the tenants in the building to enable

accurate billing. It needed to be able to identify exactly how much energy was used by each tenant on each

floor, so that they could provide accurate bills as well as energy consumption monitoring. 

Customer requirement:

• enable accurate billing 

• access a monitoring system via the internet 

• break out costs per floor – per tenant 

• install hardware and software for meter assets 

• provide expertise in data collection and data management  

• provide consultancy on the sub-metering provision.

Solution: end-to-end metering package

Siemens Energy Services provided the design, supply, installation and commissioning of a sub-metering

system, as well as meter maintenance and data collection services. A networked metering system was

installed in the new Canary Wharf building to monitor over 250 meter points. As part of the data collection

service, the data are consolidated into subgroups to enable cost-centre calculations. Regular reports are

created which break out the cost and consumption elements.

Siemens Energy Services solution:

• install sub-metering system 

• maintenance over the full meter-life cycle 

• web-based energy efficiency application 

• data management 

• bespoke reporting systems.

Benefits: accurate tenant billing and added-value services

With the Siemens solution in place the property services company is now able to bill its tenants monthly,

which helps them to manage cash flow and secure cost coverage. It also helps them to add value to tenants

by raising awareness of the electricity used. This information enables tenants to be more energy-aware and

to take steps to reduce energy consumption. 
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Customer benefits:

• monitor electricity consumption 

• bill tenants monthly 

• manage cash flow 

• satisfy tenants’ information needs 

• understand accruing costs 

• put steps in place to reduce energy expenditure 

• data constantly accessible via Intranet 

• one supplier for the whole process 

• flexible in changing supplier.

5.3 Lighting

The use of artificial lighting in the built environment has the ability to perform a number of functions. The

main functions of lighting can be classed as: architectural, accent, ambience and task lighting and if these

are used well can add functionality, atmosphere and character to any room whether at home or at work.

Poor lighting will annoy and can affect working operations, while good lighting will blend seamlessly into the

surroundings – used well, lighting will enhance an office, retail, reception, manufacturing or even a

warehousing facility. Another point to be aware of is that all lighting gives off heat. This may be useful in

winter but can compete with cooling systems in warmer periods, adding to the energy required to cool a

room. Generally, the more efficient a lighting system is, the more of the energy used is converted to light 

and not heat. Incandescent lights are particularly inefficient, utilising less than half the energy they use to

produce light.

Various surveys of a number of business facilities indicate that lighting accounts for around 30% of the total

electricity used but in offices lighting is the single largest cost within the electricity bill. Why should lighting

use so much energy? One factor is that a fluorescent or discharge lighting systems will actually use around

125% of the power shown on the lamp or light tube (shown in watts). This is because energy is also

consumed by the ballast or control unit of the light fitting. Also, in many offices the lighting levels can be

higher than required. Although guidelines for the lighting levels for various commercial and industrial facilities

are available from the Chartered Institute of Building Services Engineers (CIBSE), many installations exceed

the recommendations. It is not difficult therefore to see why lighting is such a high proportion of the

electricity bill when one also considers how often lights are left on when not required. In many offices,

corridors, meeting rooms, etc., lighting is only actually required at most for around 6 hours during the

working day – carry out an out of hours audit to see how often these lights are left on and it is easy to see

that huge savings can be made. 
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The use of efficient lighting systems and controls can therefore contribute to large electricity cost savings. If

we consider office lighting alone we can see the kind of savings that can be achieved. Research by Philips in

200625 revealed that more than 75% of Europe’s office lighting is outdated and inefficient. Total cost savings

up to €6 billion per year were estimated to be available to both public sector and businesses across Europe

through cost effective upgrading of lighting systems to more modern technology. Philips figures show that if

office lighting – primarily fluorescent lighting systems running on electromagnetic ballasts – were replaced by

the latest lighting technology, realistic electricity savings of €3 billion per year could be achieved and this

could be doubled by the widespread use of lighting control systems. 

A similar picture can be seen in the UK and similar upgrades could represent an estimated cost saving of

around £500 million/year in office lighting systems alone! 

The payback on retrofitting these new office lighting systems can be achieved in as little as two or three

years. In addition, this could represent a reduction in the UK’s CO2 emissions of more than 1 million tonnes

per year.

Solid-state lighting, mainly in the form of light emitting diodes (LEDs) is now showing wider application.

Although this is a relatively new technology it has been used for a number of years, with considerable

success in external lighting of bridges, buildings and monuments. For example, it is currently used to light

the facade of Buckingham Palace. However it is now being used to light freezers and refrigerated cabinets in

supermarkets resulting in more effective lighting and reduced electricity consumption.

A summary of the lighting facts:

• Currently most office lighting runs on outdated electromagnetic ballasts and uses older 1930’s based 

fluorescent lamp technology 

• Huge savings can be made by upgrading lighting systems to fittings with high frequency ballasts and a

new generation of T5 fluorescent lamps with their higher quality light. Higher levels of light also allow 

better spacing of light fittings meaning fewer are needed per office. Energy savings of 30% are easily 

achievable and these savings start immediately after installation. This does not even consider the use 

of even more modern LED systems which are particularly efficient for external architecturally based 

lighting use.

• Additional savings can be achieved by installing modern lighting control systems such as presence 

detectors which automatically turn off or reduce lighting levels when no one is present and daylight 

linking controls which reduce the lighting levels when more natural daylight is present

• A basic Philips Light Master Modular (LMM) system does not cost more than a conventional 

installation, and payback times of less than a year are possible

• Modern fluorescent lighting provides far higher quality light than older technology. This is in addition to 

the energy-saving potential. 
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Table 1 above, based on Philips data, outlines the energy saving lamp options with an indication of the

energy saving and associated CO2 reductions that can be achieved.

The most efficient lamp types, associated control gear and luminaries (light fittings) for most interior and

exterior lighting applications together with appropriate types of lighting controls are included in the lighting

section of the Energy Technology List (ETL) which, like many investments in energy efficient equipment,

attracts 100% capital allowances. For further information see Section 2.3 on regulatory framework. Details of

the scheme can be found at http://www.eca.gov.uk.

5.3.1 Case study – Big Ben

If you have been to London you may have heard Big Ben – but it’s doubtful if you’ve ever seen Big Ben.

What you have seen is St. Stephen’s Tower, the 400-foot-high, four-sided clock tower rising above Britain’s

Houses of Parliament, on the banks of the Thames. Big Ben is inside the tower – it’s a 13 tonne bell,

designed by the Baron Grimthorpe, cast in 1856, and named in honour of Sir Benjamin ‘Big Ben’ Hall, the

Chief Commissioner of Works at the time. Londoners set their watches by the tower’s glowing clock faces

by day and by night – and until recently, some poor soul frequently had to climb all 340 steps to the top with

replacement bulbs, to keep those clock faces glowing.

That has all changed and the clock faces are now illuminated by means of 112 bulbs (28 per clock face),

using Philips QL’s induction lighting system. The previous lamps were replaced with 55 watt lamps,

guaranteed for an lifetime of 60,000 hours – around 15 years of normal usage. This has reduced

maintenance and energy costs resulting in overall savings of an estimated 60 per cent. Newer versions of

the QL system now offer 100,000 hours operation.

These QL lights offer not only economy, durability and high luminous efficiency but, since they are ‘solid

state’ and contain no filaments or electrodes, they are also resistant to the immense vibrations of Big Ben’s

bongs! In addition, a Philips QL system is used as the beacon light which, by tradition, shines from the top

of the tower whenever Parliament is in session.

TABLE 1: ENERGY SAVING LAMP OPTIONS (PHILIPS LIGHTING)

New energy
Area of Lighting Old lamp saving lamp % Energy saving      CO2 saving/lamp/year

Retail outlet Halogen PAR 30 Master colour CDM 80 115kg CO2

Office & industrial TL 8 T5 with high frequency 61 77kg CO2

Home Incandescent Compact fluorescent 85 34kg CO2

Road SON 70 Cosmopolis 60 13 17kg CO2

(possible 50)



Energy efficient QL systems are now installed at various facilities worldwide, including Austria’s Military

Museum, Sweden’s National Archives, the Rotterdam World Trade Centre, the Eurostar station in Brussels

and Singapore’s Changi Airport. 

5.3.2 Case study – retail organisation: The Co-operative Group

Commercial retail organisations large and small can make significant reductions in lighting costs and

enhance their appeal to customers. Organisations including Thomas Cook, Crabtree & Evelyn, Tesco and

the Co-operative Group have significantly improved the effectiveness of the lighting in their retail facilities and

reduced their overall energy bills.

The Co-operative Group case study below is an example of taking a comprehensive approach to energy

management of which a significant part covers lighting. They have operations that comprise food stores,

banking, insurance, funeral care, travel agents and pharmacies with more than 3,000 high street outlets. 

It was one of the first UK businesses publicly to acknowledge the need to cut carbon emissions and set

internal targets for energy and emissions reductions and all business within the Co-operative Group have

implemented energy strategies. These include refurbishment and procurement guidelines to make sure that

all electronic equipment, such as lights, refrigeration and air conditioning, is as energy efficient as possible

and the requirement that the Energy Technology List is used for all equipment purchases. Moreover, all

electricity used by the Co-operative Group is generated by renewable energy sources.

The Co-operative Group wanted to see if it could make further improvements to existing activity so carried

out a number of site surveys and a technical review of plant and equipment specifications as well as an

inspection of existing equipment in conjunction with the Carbon Trust. 

The recommendations included intelligent lighting, improved procurement processes, improved metering,

monitoring & targeting and an energy awareness & training programme.

The group is currently delivering a programme to refit 250 retail stores per year, as well as embarking on a

refurbishment programme for its pharmacy outlets. 

What has been done? Half-hourly metering has now been installed at more than 1,400 sites. This self-

financing programme has identified opportunities for tariff/procurement savings. A retrofit programme

designed to reduce energy at the 300 most energy intensive stores includes replacing their lighting systems

with more energy efficient fittings. The programme was based on absolute energy reductions of c.14%

gained at a trial of six stores, which will save in excess of £2m each year in energy costs.
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The initiatives covered more than just lighting and included:

• Many of their stores still used old style fluorescent lamps in either twin or single fittings. A programme 

of work to replace these with more energy efficient lamps and occupancy control equipment is being 

installed. At a cost of £0.9m, it is estimated these measures will provide a 2% reduction in overall 

energy consumption – representing a reduction of almost 2 million kWh/year.

• Installation of a combination of fridge cabinet blinds and freezer trim controls, together with 

refrigeration pack controls in high consuming stores. At a cost of £3.5m, it is anticipated that these 

measures will provide a 7% reduction in overall energy consumption.

• Enhanced heating, ventilation and air conditioning (HVAC) control equipment, which will be more 

efficient than those switching heating, hot water, ventilation, cooling, lighting and appliances off when 

not required. The use of remote communication will ensure that the equipment is commissioned 

correctly and is appropriately maintained. At a cost of £2.3m, it is anticipated that these measures will 

provide a 5% reduction in overall energy consumption.

5.4 Case study – office-based energy efficiency

5.4.1 Case study

A local authority highways divisional office was surveyed and an improvement plan was put in place. The

following table outlines the list of findings and associated improvements. The total investment costs were just

over £2,000. The energy savings were more than 60,000 kWh, representing cost savings of almost £2,500

per year – payback was less than 10 months.

TABLE 2: LIST OF ISSUES AND IMPROVEMENTS IN LOCAL AUTHORITY OFFICES

Issue Solution Comments

Standard 60w incandescent Replace with compact In terms of light output a light
bulbs fitted. fluorescent lamps (CFL). 20w CFL gives

equivalent light to a 100w
tungsten filament type.

Twin 100w fluorescent light tubes. Replace with twin 70w tubes.

Lights were switched in banks Split lighting circuits and  
– many on when not required. install occupancy sensors.

Rooms with natural daylight had Daylight sensors fitted near 
all lights on. windows.

General lighting level was too high. Some fluorescent tubes or 
fittings removed.

Computers and monitors left Communicate to users to Behavioural change plus 
switched on when not in use. switch off when not required. enabled shutdown to 

power save mode and 
disabled screen savers.

Heating and cooling systems Provided interlock in system Also adjusted room 
could run at same time. to avoid competition. Closed temperatures down to 
Cooling setting was too low. windows and replaced 23

o
C and adjusted 

Windows and doors left open. boiler controls. thermostats on
Boiler was old and inefficient. radiators.
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5.5 Voltage optimisation

Prior to 1 January 1995, the date of the European harmonisation of voltages, electricity in the UK was

supplied at 415v 3 phase and 240v single phase. Equipment supplied in the UK around this time was rated

accordingly. Harmonisation of voltages has meant equipment supplied now is rated at 400v 3 phase and

230v single phase, with tolerances of +10% and - 6%. 

In the UK most industrial low voltage (LV) electrical networks are still running at or near to the higher limits of

the voltage range as they have equipment pre-dating 1995. However, this equipment is becoming

increasingly rare and running distribution networks at these higher voltages is wasting energy and having

detrimental effect on certain types of equipment life. The voltage level coming off a substation into a

distribution system can be reduced or ‘tapped down’ to provide significant energy savings.

Supplied power in the UK operates with what are called transients which are generally short-lived oscillations

in the distribution grid caused by sudden change of voltage, current or load. Transients are increasing in line

with the increasing use of small-scale generating plants, including wind generation, which gives rise to more

switching on the grid – and hence more harmful transients. A voltage power optimiser (VPO) has the

potential to buffer and eliminate transients up to 25,000 V. Harmonic distortion from nonlinear loads is also

reducing power quality as more power control equipment comes online. To combat this, the Government

introduced the G5/4 guidelines in 2003 that require both utility companies and customers to limit their

harmonic outputs. So, by reducing harmonics in the supply, a VPO has the potential to protect sensitive

equipment (especially IT) and provide a clean power supply. 

The use of voltage optimisation or more accurately voltage power optimisation, through the use of a VPO,

can offer similar savings to the simple ‘tapping down’ of a substation. Voltage power optimisation can be

used not just in commercial applications but also in industrial based businesses. 

There are further advantages to the use of VPOs in that not only do they ensure electrical equipment

operates close to rated power but they are relatively easy to fit and can be installed on both LV supplies 

(415 V) and larger sites where HV is supplied (11,000 V and above) and transformed to LV. 

However, simply ‘tapping down’ (if you own your HV/LV transformer) does not necessarily deliver the same

efficiencies as fitting a VPO. Some companies (where they have a HV transformer) have ‘tapped up’ the

transformer and then set a larger step-down using a VPO, which is reported to improve stability of supply

and increased savings. 

So, how does a VPO work? The supply voltage is optimised basically through a transformer, which corrects

and improves the power quality. It reduces harmonics and improves the balance of the three-phase voltage

supply allowing equipment to run closer to its optimum operation level, thereby reducing losses and

consumption in three-phase equipment such as heating ventilation and air conditioning (HVAC) equipment,

refrigeration and motor drives and compressors. For example, supplying a motor with a 5% imbalance in

three-phase supply will cause the motor to draw up to 20% more power. In general, VPOs generate lower

energy losses throughout their operating range (0.1%) and generate significantly less heat compared to a
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conventional transformer – the reason being their design and construction, which avoid the dual-wound

configuration of a voltage transformer.

VPO is effective in most applications with a significant electrical load and businesses and organisations of all

sizes can install this equipment. Businesses who have installed a VPO have reported reduced noise levels as

well as reducing electricity costs by up to 15%.

Benefits:

• 5%–15% reduction in electricity consumption through operating electrical equipment at rated 

voltage levels

• Increased equipment life and lower maintenance requirements

• Potential to free up capacity on electrical distribution (by 5%–15%), possibly negating the need 

for expansion

• No capital investment required unless a Voltage Power Optimiser (VPO) is used which give further 

benefits and wider applications.

5.5.1 Case study 1 – AstraZeneca

This case study is based on work carried out at AstraZeneca, a multinational pharmaceutical company with

a number of manufacturing and R&D sites across the UK. 

Voltage was reduced across UK sites on a wide range of facility types including offices and laboratories.

Each facility type has been monitored for savings and results demonstrated savings varied with the type of

facility. Laboratories and offices provided the greatest potential for saving as they generally operated

equipment rated at 230v.

The R&D site in Loughborough produced the most comprehensive set of data with all substations reduced

by 2.5% at 11kv/400v level. This was then followed up with a 3% reduction at site incomer level at

33kV/11kV level (see Table 3).

The scope of this work was to reduce the voltage levels as close as practical to the European harmonised

levels. There may be further savings by operating at lower voltages but the operational outcomes may be

more difficult to predict and further drops should be managed and monitored for problems. However, the

voltage levels can be reinstated to the higher levels if problems do occur.

There are two particular points to make in this example. Firstly, there was no capital cost associated with the

change in voltage but it did require a shutdown of the substation for the short period of time it took to ‘tap

down’ voltage. So, it is an improvement that can be carried out during planned maintenance schedules or at

times when the building or facility is not in use e.g. at weekends if this is the case.

The other point is that after the reduction in voltage was carried out follow-up monitoring of plant and

equipment such as pumps and motors were found to be running at lower temperatures mainly through
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running slower – not slow enough to affect their operational aspects but slow enough to reduce wear

thereby reducing maintenance requirements.

At one particular site located in the south west of England, the electricity supply company was brought in to

carry out the changes with the agreement to monitor electricity usage and also to reinstate to the original

settings if the facility’s equipment showed signs of malfunction. No problems were experienced and the new

settings have shown a significant reduction in electricity consumption. 

The table above (Table 3) summarises the range of ‘tap down’ voltage reductions made at various

substations and the associated electricity savings achieved.

5.5.2 Case study 2 – Defra

Another example of voltage optimisation which delivered similar electricity savings is seen in the installation

of a VPO at the Department of Environment, Farming and Rural Affairs (Defra) Central Science Laboratory

(CSL) which, although requiring some capital investment, has been shown to have a rapid payback.

The CSL is a public sector science organisation which provides research and information services to

governments and industry. It is an Executive Agency of Defra and works closely with Defra’s other science

agencies CEFAS and VLA.

As part of its Carbon Management Programme, the Built Environment Sustainability Team (BEST) – Defra

Estates, investigated technologies which had the potential to improve energy efficiency and reduce carbon

emissions within the Defra Network. 

A VPO was subsequently chosen as a technology that could help deliver the required improvements and

similarly to the AstraZeneca case study, Defra found that energy use and costs were reduced and the

efficiency and operation of electrical equipment was improved. To date (2007), six VPOs have been installed

in a number of Defra facilities with savings on target or above those initially predicted i.e. between 8% and

11%. Current estimates are that savings of more than £500K per year in electricity costs and 475 tonnes of

CO2 per year are being achieved, with some sites having the potential of up to 15% savings. 

5: GOOD PRACTICE AND CASE STUDIES

TABLE 3: TYPICAL SAVINGS IN ELECTRICITY CONSUMPTION

Scale of reduction in voltage Electricity savings (%)

2.5% 5% – 7.5%

5% 10% – 15%
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5.6 Heating, Ventilation and Air Conditioning (HVAC)

This section outlines the control and operational efficiency of heating and ventilation systems generally used

in the majority of existing commercial buildings. It does not discuss the detailed design of new and generally

more energy efficient new buildings. New buildings can be designed to operate at excellent levels of

efficiency in overall energy terms but most are constructed with significant levels of inefficiency built in and,

although they may include very sophisticated controls, their operation wastes large amounts of energy. One

only has to look at the modern office tower blocks of Canary Wharf or an industrial site to see that lighting

and air conditioning systems are left on when occupancy and/or process operations should indicate

otherwise – lighting switched off and HVAC systems either off or set back.

New buildings in general, although increasing in efficiency, are using more energy than older building types.

This reflects an increase in energy service demands, including:

• increased lighting levels

• increased hourly use e.g. 24 hour call centres

• increased service provision – showers, crèche and leisure facilities

• increased information and communication technologies

• different building layouts – open-plan allowing for higher occupation density.

All the above demand increased cooling and heating requirements.

5.6.1 Heating systems

Heating and hot water systems can account for up to 60% of a building’s total energy costs26. By

understanding the system(s), ensuring the heating capacity is appropriate to the areas and making sure that

systems are installed, maintained and operating efficiently, it is possible to reduce these costs by up to 30%.

Note that the insulation of a building will have a marked effect on the efficiency of a heating system: poor

insulation will minimise any benefits, even from the most efficient system. 

The controls in a heating system are crucial to make certain that the best operational efficiencies are

achieved in any heating system. The minimum controls should cover:

• timing – when the heating comes on and when it goes off, and 

• temperature – the minimum temperature that brings the heating on and the maximum temperature 

that turns it off.

More comprehensive controls can be used to monitor internal and external temperatures, switching the

heating on/off, higher/lower to ensure the optimum internal conditions for staff or processes. These controls

with the capability to control water (or air) flow rates are regulated using a weather compensator and will
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operate the system at minimum flow and temperature which then increase as the external temperature

drops, or maximum when weather conditions result in very low external temperatures. This system requires

careful setting up to get the best results but can operate very efficiently. Often the maximum and minimum

setting are manually set on a seasonal basis i.e. summer and winter settings.

In many commercial buildings a larger version of a domestic central heating system may be installed. In

radiator heating systems individual thermostatic valves (thermostatic radiator valves – TRVs) can be fitted to

give individual room control.

In some buildings a ducted heating system may be installed. This will include a boiler (gas or electric) which

heats a battery of pipes across which air is forced and then circulated to rooms via a duct system.

In older buildings it is common to find a hot water and radiator system augmented by wall or ceiling

mounted individual air conditioning fan cassette units. These may incorporate a cold water system to provide

some cooling element. Unless this combination system is well balanced and controlled to ensure the

radiators and cassette units are not ‘competing’, it can be very inefficient and expensive to operate. The

occupants may also find the room conditions uncomfortable and may not work to their best potential. 

5.6.2 Managing the heating system for maximum efficiency

General measures to reduce heating costs:

• Ensure a high level of building insulation and reduce drafts from open windows etc

• Regularly check settings of boilers and radiators and make sure pipes and ducts are insulated

• Communicate to staff so that they know how the heating system operates and what they can do to 

reduce heating demand

• Install controls to include timers, cylinder and room thermostats and weather compensators

• Make sure fans and other systems are switched off when not required

• Ensure boilers and other elements of the system are maintained so they operate at 

maximum efficiency

• Poorly maintained systems can waste more money and energy through breakdowns and inefficient 

running than it takes to employ a competent maintenance engineer

• Great reductions in energy use can be obtained by varying the speed of fans or pumps and motors as

the load requirement changes (see Section 5.7).
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5.6.3 Ventilation and air conditioning

Natural ventilation

Natural ventilation has the ability to provide cooling and fresh air supply with very little energy use, however it

is only suitable for buildings in which fresh air direct from outside can be accepted, where heat gains are

nominal, temperature control & airflow regimes are not critical and external noise sources are low, and

security risks are low in the case of using opening windows.

Key benefits:

• Significant reduction in energy usage for cooling and ventilating suitable buildings

• Reduced CO2 and other emissions.

Background

Fresh air for building occupants is commonly provided via a ducted system powered by a fan and generally

it is controlled to the amount necessary to satisfy the occupants. Windows in this situation should be sealed

closed to prevent unwanted ingress of air. 

However, there are many periods when external air is cool enough to provide some useful cooling within a

building. To make use of this potentially low cost cooling source, a more flexible ventilation strategy can 

be utilised. 

Natural ventilation is the introduction of air into a building by natural means such as a temperature differential

or external wind pressure. For example, by opening windows on either side of a building, external wind

pressure will encourage air to flow through the building. Alternatively, high level vents will encourage air flow

due to temperature rise and buoyancy differences, where it can be vented whilst new air is simultaneously

drawn in through low level openings. 

Natural ventilation can be used to provide air for ventilation purposes and to provide cooling. The circulation

of cool external air on summer days can be sufficient to cope with internal heat gains. Alternatively, natural

ventilation can be used with night cooling/thermal mass to provide higher cooling outputs. Also solar

chimneys and windcatchers can be employed to optimise the availability of cooling energy.

A number of control strategies can be considered to optimise the performance of a natural ventilation 

system including:

• Powered actuators – to open and close windows and natural ventilation openings as required

• Wind speed sensors – to limit or prevent window opening if wind speed is considered too high

• Wind direction sensors – to optimise window opening around the building such that only windows on 

windward and leeward sides of the building are opened.
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In winter, uncontrolled air infiltration would allow heat to escape and waste energy. Therefore automatically

opening windows must be able to seal shut during these periods. Openings must also be designed to

prevent the ingress of rain and to maintain the security of the building. Supplementary trickle vents or other

ventilation system would need to be provided to ensure fresh air provisions and cooling where available

during winter and rainy periods.

Of course the provision of controlled natural ventilation systems as a retrofit in older buildings would require

extremely high capital outlay. But there are few reasons not to fit these systems in new buildings.

Key points

Advantages:

• Reduces the need for mechanical cooling (especially when used with night cooling)

• Avoids the need for mechanical ventilation systems (fans and ductwork)

• Avoids the energy consumption of fans and cooling plant

• Where intakes are manually controllable, the occupants may feel more comfortable as they have the 

ability to influence their environment.

Issues to consider:

• Noise may be an issue

• Building security – but this can easily be overcome

• Nuisance drafts may cause disruption to occupants (disturbance of papers etc)

• Difficult to ensure that internal space temperatures stay within fixed temperature limits

• No control of humidity levels (only a problem if internal zones generate humidity)

• Occupants nearest the point of intake may be uncomfortable whilst those furthest away may get 

no benefit

• Can lead to overheating when external ambient conditions are warmer than required to offset 

internal gains.

An example of a naturally ventilated building is the Environment Agency’s Red Kite House. See 

www.solarcentury.com/projects/public_sector/environment_agency_red_kite_house
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5.7 Motors, drives and variable speed drives

Motors account for an estimated two thirds of the electricity used by industry e.g. a motor running for 11

hours/day has an annual running cost of about 10 times its purchase cost27. Energy savings of around 5%

can be achieved by using High Efficiency Motors (HEMs) compared to standard motors which have similar

purchase costs. In addition, HEMs qualify for Enhanced Capital Allowances.

In many situations a motor or drive is larger than required and could be replaced with a smaller one resulting

in significant electricity savings. If the size/power rating exceeds the requirements for a particular application

then it should be replaced with an appropriate sized item. Also, in many cases motors can be ‘exchanged’

between applications to get better operational fit without any additional replacement costs.

Most motors, fans and pumps are not required to operate at full output all the time and their speed can be

controlled by variable speed drive (VSDs). A 20% speed reduction can result in a power reduction of around

50%. Often a process can be operated at a reduced speed for significant periods of time and only returned

to higher speeds when the demand requires it. In addition to the energy savings of implementing a process

control and/or VSD there will be reduced maintenance and breakdown or repair costs.

In practice operational energy efficiency should be a key factor when buying new items or replacing old

motors. Make sure motors are not running when not required (this gave significant savings in the Marshalls

case study – Section 5.9.1). This can easily be achieved by fitting automatic controls.

Many motors deliver their power via gears, belts or pulleys and these transmissions of power result in

various levels of inefficiency. Where possible it is better to connect motors directly to a process rather than

via a drive train. If gears are required, in general, it is better to use helical, planetary or cycloid gears rather

than worm-drive gears and in the case of belts, synchronous, chain or cogged V-belts are more energy

efficient than standard V-belts, which tend to result in more slippage.

It should be noted that well-maintained motor and drive systems will always result in less energy use and

fewer breakdowns. This should include lubrication, alignment, belt tension etc.

5.8 Co-generation schemes

Conventional power plants only utilise the product of the fuel burn cycle i.e. they burn, say gas to produce

hot water and/or steam for use in heating or an industrial process. The conventional electricity power station

uses the hot water to drive turbines to produce electricity for the National Grid. Co-generation, also known

as combined heat and power (CHP) and/or Tri-generation, are energy generation schemes which use an

energy centre simultaneously to generate both electricity and useful heat. 

Smaller scale schemes are often used to provide heat and electricity for either domestic or industrial

purposes – similar to district heating systems commonly seen in Europe and with excess electricity being

available to sell back to the Grid.
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A major barrier to the installation of a co-generation system is often the high capital cost involved. The

following case study demonstrates the development of a co-generation heat, electricity generation and

cooling scheme whilst managing investment costs, benefits and risks through partnering in a Public Private

Partnership (PPP) arrangement with an energy services company or ESCO.

In brief, energy services companies (ESCOs) offer to finance, design, build/install, operate and maintain 

client agreed energy services and equipment and undertake energy efficiency measures (e.g. monitoring,

auditing, metering, control and demand reduction), under long-term contract arrangements. This can extend

to the provision of the energy itself i.e. combined heat and power (CHP), or other energy services e.g. solar

water heating, wind power, etc. These incentivised long-term contracts, typically 5 years, with associated

efficiency performance criteria can reduce the clients’ exposure to financial risk whilst improving

environmental performance.

ESCOs are suited to clients concerned with the wholesale cost of energy, reducing their carbon emissions

and sharing risk associated with energy project. 

The ESCO generally retains ownership of the energy services equipment. 

5.8 1 Case study – tri-generation for the Natural History Museum

The development of a PPP agreement and finance package combined with the commissioning of a CHP

unit on programme in December 2006 has made a success story for both Vital Energi and their client the

Natural History Museum (NHM). The NHM estimated to save in excess of £500,000 per annum over the 

15 year agreement of the project and to save 1,800 tonnes CO2 emissions annually. With the investment

funded by Vital Energi, the museum’s allocated £3m energy investment fund available for plant refurbishment

could be assigned elsewhere.

Apart from the financial and greenhouse gas emissions benefits, the onus is on the designer under the CDM

regulations to eliminate or reduce hazards where feasible. This was achieved with regard to safety in that the

conversion from a high temperature hot water (HTHW) system at 130°C/100°C to a low temperature hot

water (LTHW) scheme at 95°C/65°C achieved the following safety benefits:

• PM5 compliance – does not fall under terms of Pressure System regulations

• Reduced calorifier failure – no risk of over-pressurising the heating systems

• Reduced risk to staff, public and museum exhibits.
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The installation demonstrated that the 1.8MWe CHP unit could accommodate existing and projected future

loads and deliver greater overall benefits including:

• Increased heat and electrical outputs

• Increased absorption cooling

• Financial savings – Capex and Opex

• Greater CO2 emission reduction.

Project details

The Central Boiler House (CBH) at the Natural History Museum (NHM) has had a long operational history

going back to the 1880s. Originally a coal-fired installation it until recent times provided the core heating for

the South Kensington Cultural and Academic Estate comprising the NHM, The Victoria and Albert Museum

(V&A), Imperial College and The Science Museum. The installation was most recently upgraded in the early

1980s and at this time it comprised 4 large boilers totalling 42MW of heat output at 130°C.

In 2000 Imperial College and The Science Museum withdrew from the heat network leaving the CBH with

only half its original load. Imperial College with their increasing energy demands opted for their own

dedicated combined heating and power (CHP) installation.

This left the NHM and the V&A, which inevitably led to underutilisation of the existing plant and resulted in 2

boilers being mothballed and the reduction in economies meant cost increases, resulting in the cost of heat

rising from 1.8p/kWh to 2.7p/kWh in 2000.

The challenge that the Environment & Special Projects Manager at the NHM, set himself was to achieve a

relative level of cost of heat of 1.8p/kWh at 2000 prices. A budget of £3 million had been set aside to

undertake this target and an assessment of possible improvements showed that in increasing order of

investment the following unit heat charges could be achieved: 2.5p/kWh by plant refurbishment and

replacement; 2.2p/kWh by automation and de-manning; 2.1p/kWh with further investment in a 375kWe CHP

unit: 2.0p/kWh with a 750kWe CHP unit and the target 1.8p/kWh with a 1,300kWe CHP unit.

Looking at the demand profiles and paybacks the results did not appear to be so good economically. The

existing operating conditions limited selection options. The critical summer base heating load for CHP

operation was limited by the V&A having no heat requirement during the summer, their domestic hot water

(DHW) being provided by local boilers, leaving the NHM with a relatively low 375kWth summer base load.

This meant the larger the CHP unit chosen the greater the heat that would be wasted in the summer. The

1,300kWe CHP unit showed a £3m payback over 15 years!

The NHM then looked at other options to bring both finance and innovation to achieve a better solution by

finding an energy services company (ESCo) as a partner. A tendering process based on a nominal 1,400kWe

CHP but asking for alternative proposals, led to Vital Energi Utilities Limited being chosen as the preferred

partner based on experience, capability and their proposal for a tri-generation (heating, cooling and power)

installation, dealing with the summer heat load issue.
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Vital Energi offered to the NHM a turnkey capability covering energy centre, energy distribution (heat, cooling

and power), consumer interface and metering. Vital Energi’s core market is the small and medium scale

CHP/tri-generation/biomass market. Vital Energi worked with the NHM to ensure the best solution

technically, financially and environmentally leading to them taking responsibility for design, build, finance and

operation of a tri-generation scheme rated at 1,800kWe, surpassing the NHM’s best case scenario.

The NHM and V&A project is one example of an ESCo developed as a Public Private Partnership (PPP)

scheme, with finance also being provided by Vital Energi. The UK public sector has substantial and varied

service requirements and this approach offers great opportunities for private sector organisations in the

energy sector.  

A business gets paid for taking and managing risks, with businesses willing to take those risks provided that

those risks can be managed profitably. A financed ESCo installation requires risk management and to

achieve a quality delivery of services there also has to be effective risk management. The basis of risk

allocation should be that they are allocated to the party best able to manage them. If this is not the case

then an investor will charge a disproportionately higher price for risks they cannot manage effectively.  

The risk matrix for this project included specific risks such design, construction, operation and financial all of

which were effectively managed between both the NHM and Vital Energi; other risks such as development of

concept, political and energy (electricity, heat, and cooling) supply source guarantees are possibly shared or

are in the ownership of the customer.

To ensure that the NHM achieved its expected returns over the 15-year life of the ESCo a performance

management process was instigated. The targets included specific and measurable outputs including a

minimum of 8.9 GWh/yr electricity production from the CHP unit, heating and cooling temperatures to be

met and guaranteed savings plus a share of any additional savings. Key performance indicators (KPI’s) were

set to provide a clear definition and management of required standards. Service requirements were set

covering operation, planned preventative maintenance and 24 hour callout (the NHM has a 24 hour need to

maintain the collections and prevent any deterioration). In addition performance reporting was agreed to

provide operational feedback to the NHM on a quarterly and annual basis.

The museums have critical heating, cooling and power requirements 24 hrs/day to in order to preserve their

world-renowned collections, and any major alterations proposed to these systems, have to ensure a robust

and reliable supply is maintained.

In summer 2006 the refurbished boilers were brought on line (with an extended life time of 25 years) and

commissioned, and the two existing operational boilers were removed to accommodate the tri-generation

system’s waste-heat boiler and absorption chillers. The network was commissioned for operation in summer

of 2007. 
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5.9 Multi-site energy management

5.9.1 Case study – Marshalls energy management

In organisations with a larger energy bill, significant reductions in overall energy use can be achieved by

adopting a comprehensive energy management approach.

This case study is based on the energy management approach by Marshalls Group, a UK based company

manufacturing and supplying a wide range of hard landscape products to the domestic, public sector and

commercial markets. Their energy management programme was implemented across all their manufacturing

and distribution sites.

Their main drivers to improve energy efficiency were energy costs, climate change, legislation e.g. building

regulations, UKETS/EUETS, EPC, stakeholder concerns shareholders (FTSE4Good, CDP4&5), customers,

corporate social responsibility and their Olympic bid.

Again, the starting point was to know how much energy was being used and in what areas. They used what

can be termed the ‘Top Hat’ approach which established base and operational loads, generally through the

use of e.g. half hourly metering, and then established a programme across the various sites and areas in

order to match energy supply to demand. Their aim was then to reduce demand. This can be seen in Figure

3 which illustrates an energy use profile at their Landscape House. It shows the energy use profile before

and after the improvements were achieved.

Areas addressed at the various sites included lighting and process equipment operation times, PCs and

VDUs, heating, pump and drive controls, and materials mixing equipment. Interestingly they did not miss

even small opportunities and put a timer on the coffee machines.

The results are outlined in the following figures which show in Figure 3 the reduced electricity demand at a

site following a ‘switch off’ programme involving lights and process equipment. Figure 4 illustrates the

reduction of electricity use at the St Ives sites. Figure 5 shows the overall reduction in costs of £225,000

achieved over a 15 month period. Figure 6 displays a reduction in kgCO2/tonne material produced of 25%.

5: GOOD PRACTICE AND CASE STUDIES
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Figure 3: Reduced electricity use at Landscape House – The Top Hat Approach

Figure 4: Electricity demand reduction St Ives sites
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Figure 5: Annualised energy savings (£/p.a.)

Figure 6: Improvements on the KPI of kg CO2/tonne produced
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6: SUPPORT AVAILABLE TO BUSINESS FROM GOVERNMENT FUNDED ORGANISATIONS

The Carbon Trust

The Government funded Carbon Trust was set up by Government in 2001 to accelerate the move to a low

carbon economy. It aims to do this by working with organisations to reduce their carbon emissions and

develop commercial low carbon technologies. The Carbon Trust has a Solutions group which offers support

in reducing energy and carbon emissions through free surveys, carbon footprinting, interest free loans for

qualifying projects, research grants, Small & Medium Business Toolkit etc. More information can be found on

their website at http://www.carbontrust.co.uk/solutions/.

The interest free loans are available to SMEs who fall within the following EU definition under the state aid

scheme rules: it is available to SMEs in England and Scotland, all businesses in Wales and Northern Ireland

that have been trading for at least 12 months and have an acceptable credit rating.

Loans between £5,000 and £100,000 are available in England, Scotland and Wales, and up to £400,000 in

Northern Ireland.

There are regional variations and details are available from the Carbon Trust.

The EU State aid definition of an SME is a company with: 

• Fewer than 250 employees

• Less than 50m Turnover (approximately £35m) OR

• Less than 43m assets (approximately £30m)

• No controlling interest more than 25% by a non-SME (i.e. part of a larger organisation).

For more information contact the Carbon Trust.

The Carbon Trust also manages the Enhanced Capital Allowance (ECA) scheme on behalf of Defra, which

provides businesses with a first year 100% tax allowance on designated energy efficient equipment

investments (see Section 2.3 for further information). 

The Carbon Trust also runs a consultant accreditation scheme and will help fund the use of consultants for

an appropriate approved project.

The other main Government support organisation which supports environmental improvement projects with

business is Envirowise, which aims to deliver a Government-funded programme of free, confidential advice
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to UK businesses. This assistance can enable companies to increase profitability and reduce environmental

impact. Envirowise solutions are specific to the needs of individual businesses, to improve their business

practices, profitability and competitiveness. Since 1994, Envirowise has helped UK industry save more than

£1 billion.

The Envirowise programme is available to any UK business, free of charge. For more information visit their

website http://www.envirowise.gov.uk/home.

6.1 Case study – Universities and Colleges Admission Services Offices

The UCAS organisation had an energy bill of around £345,000 and employs around 300 staff. It operates

from a modern air-conditioned office facility which is well insulated with few draft issues. It contacted the

Carbon Trust for a free survey to identify ways it could reduce its energy use and CO2 emissions. The survey

resulted in an action plan with the following recommendations:

• Appoint an Energy Manager from within the existing facilities team

• Install energy sub-metering to enable monitoring and targeting (see Section 5.2)

• Install weather compensation boiler and controls for hot water radiators

• Review air conditioning system and optimise settings and controls

• Install heat recovery on main air handling plant

• Improve lighting by replace halogen lamps with LEDs

• Install variable speed control on chilled water pumps to match supply to demand.

The estimated savings equated to reducing the energy bill by £19,000 and a CO2 emission reduction of 

294 tonnes.

6.2 Case study – Exmoor Forest Inn

The Exmoor Forest Hotel and Bar is located in the centre of Exmoor and employs 9 staff. It has 9 letting

bedrooms, is open through the year and has an energy bill of around £13,000. There were concerns that the

existing inefficient boiler system was reaching the end of its life, being over 30 years old. However, the

capital costs of replacement were daunting and the small business did not feel it was affordable.

The company contacted the Carbon Trust who agreed to provide an interest free loan of £6,300 for the

purchase of new LPG condensing boilers. The new boilers proved their worth by reducing the business’s

energy bill by around £2,700 per year. Based on the energy savings alone the investment payback was just

under 3 years.

6: SUPPORT AVAILABLE TO BUSINESS FROM GOVERNMENT FUNDED ORGANISATIONS
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7: Conclusions 

The Government has set out in the 2007 Energy White Paper a route to achieve its commitments to reduce

carbon emissions by at least 60% by 2050 based on 1990 emissions. In addition, the government is

indicating that the UK will accept the renewables target to source 15% of total energy from renewable

sources. To meet the renewables target translates to a requirement to generate around 40% of the electricity

supply from renewable sources. Both these targets require massive levels of investment in both energy

generation and distribution to ensure improved energy security (less reliance on imported energy sources)

and reduced carbon intensity of power generation. Some of the ageing coal and nuclear power stations will

be removed from the grid and decommissioned over the next 10 to 15 years. This coupled with the long

timescales to provide the low carbon alternatives will necessitate investments in new power stations based

on fossil fuels such as coal if the UK is to avoid an energy gap, possibly of around 20% generating capacity,

and to ensure an adequate base load electricity supply, which is one of the significant issues with renewable

energy sources.

However, there is a way of tackling some of the inherent difficulties of moving to a new lower carbon energy

supply and that is through a concerted move to improve energy efficiency across the built environment. It is

estimated that 20% of the UK’s greenhouse gas emissions result from businesses and their use of buildings

and other facilities. The Carbon Trust has estimated that a 20% improvement in energy efficiency is easily

achievable across most business sectors. This not only reduces greenhouse gas emissions but it also

reduces business costs, helps reduce the UK dependency on imported fuel and overall improving the

competitiveness of UK business.

The UK Government recognises that the commitment of business and public sector organisations to tackling

climate change is growing and many have recognised and acted on the cost effective opportunities that are

available to reduce energy consumption and greenhouse gas emissions. Some leading firms and authorities

have adopted high profile initiatives bringing wide-ranging benefits. They report real cuts in emissions and

offer good examples for others to emulate. Another benefit is that with businesses improving their energy

performance, a constructive and practical note has been introduced into the climate change debate.

In general, the heating, ventilation and air conditioning (HVAC) and lighting systems used in the majority of

existing commercial buildings are inefficient in terms of energy use. New buildings can be designed to

operate at excellent levels of efficiency in overall energy terms but most are constructed with significant

levels of inefficiency built in and, although they may include very sophisticated controls, their actual operation

wastes large amounts of energy resulting in high levels of greenhouse gas emissions. This is despite having

improved Building Regulations with energy efficiency standards, the excellent work of the Buildings Research

Establishment (BRE) in setting out the BRE Environmental Assessment Method (BREEAM) standard and the

work of the Chartered Institute of Building Services Engineers (CIBSE).

One has only to look at the modern office tower blocks of Canary Wharf or a modern commercial site to 

see that lighting and air conditioning systems are left on when occupancy and process operations should

dictate otherwise. 

7: CONCLUSIONS
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When the whole range of business premises and energy using equipment and systems is considered it is no

surprise that implementing cost effective energy efficiency solutions is seen as ‘a no-brainer’. So, why are we

not seeing a greater improvement in energy efficiency? What is preventing the wider adoption of good

behaviours such as switching off lights and other equipment when not required or installing the existing

technologies that offer better control?

Using lighting as a way of answering these questions shows that some organisations take a singular

approach focused on people’s behaviours and although people are at the heart of an energy efficiency

campaign, it needs to be accepted that only taking a behavioural change approach will be found

inconsistent and difficult to sustain. A better approach is to also invest in changing from older fluorescent

lighting to a new generation of lighting systems and controls. Although this involves initial investment costs

the payback can be very rapid indeed. Again, Philips figures show that upgrade alternatives can have a

payback time of less than three years and as some of the case studies have shown, sometimes a payback

in a few months can be achieved.

All business premises and facilities offer opportunities to improve their energy efficiency. The good practice

and case studies outlined in this report illustrate the wide range of cost effective options available to reduce

energy costs today.

Business has shown that it is willing to engage in energy efficiency – in effect to play its part in reducing

carbon emissions. However, it is the IoD’s view there still remain impressive opportunities for business to

do more. Also, although there is Government support to business in general there are areas in which it 

could improve:

• It needs better to understand the barriers and constraints to energy efficiency that smaller businesses 

in particular face in a highly competitive environment

• The Government funded organisations, such as the Carbon Trust, could refocus in order to reach and 

support more SMEs.

It is the hope of the IoD that this report will ultimately encourage more businesses and other organisations to

adopt the cost effective approaches to energy efficiency outlined in this report. 

7: CONCLUSIONS



IoD Policy Paper 53

8: References

8: REFERENCES

1
The Carbon Trust press release October 2004 http://www.carbontrust.co.uk/NR/rdonlyres/EE9BAE6D-

B613-4BF5-9875-F969268CAE23/0/20041028_Clocks_release_FINAL.pdf.
2

Energy Efficient Lighting: A summary of ‘green switch’ facts, Philips Electronics, June 2007.
3

BERR http://stats.berr.gov.uk/energystats/dukes1_4-1_6.xls.
4

World Energy Outlook, IEA 2006. www.worldenergyoutlook.org/.
5

Meeting the Energy Challenge - White Paper on Energy, DTI CM 7124, BERR (DTI), 2007.
6

http://www.forbes.com/markets/feeds/afx/2008/03/20/afx4797074.html.
7

Doing More With Less – Green Paper on Energy Efficiency (COM 265), EC, 2005.
8

Institute of Directors Energy Efficiency Survey March 2008.
9

A Competitive Response to Climate Change, Institute of Directors, 2008.
10

BERR http://stats.berr.gov.uk/energystats/dukes1_1_6.xls.
11

Meeting the Energy Challenge - White Paper on Energy, DTI CM 7124, BERR (DTI), 2007.
12 The Carbon Trust: Accelerating the move to a low carbon economy, National Audit Office, November
2007.
13

Meeting the Energy Challenge - White Paper on Energy, DTI CM 7124, BERR (DTI), 2007.
14

Meeting the Energy Challenge - White Paper on Energy, DTI CM 7124, BERR (DTI), 2007.
15

Institute of Directors Energy Efficiency Survey March 2008.
16

The Carbon Trust: Accelerating the move to a low carbon economy, National Audit Office, November
2007.
17

The Carbon Trust press release October 2004 http://www.carbontrust.co.uk/NR/rdonlyres/EE9BAE6D-
B613-4BF5-9875-F969268CAE23/0/20041028_Clocks_release_FINAL.pdf.
18

Energy Efficient Lighting: A summary of ‘green switch’ facts, Philips Electronics, June 2007.
19

Doing More With Less – Green Paper on Energy Efficiency (COM 265), EC, 2005.
20

BERR http://stats.berr.gov.uk/energystats/dukes1_1_6.xls.
21

BERR http://stats.berr.gov.uk/energystats/dukes1_1_6.xls.
22

Meeting the Energy Challenge - White Paper on Energy, DTI CM 7124, BERR (DTI), 2007.
23

Doing More With Less – Green Paper on Energy Efficiency (COM 265), EC, 2005.
24

DEFRA UK Energy Efficiency Action Plan 2007.
http://www.defra.gov.uk/environment/climatechange/uk/energy/pdf/action-plan-2007.pdf.
25

Energy Efficient Lighting: A summary of ‘green switch’ facts, Philips Electronics, June 2007.
26

Carbon Trust publication GIL124 at http://www.carbontrust.co.uk/energy/.
27

Carbon Trust publication GIL124 at http://www.carbontrust.co.uk/energy/.





IoD Policy Paper 55



IoD Policy Paper 56


