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1. INTRODUCTION AND BACKGROUND

The Changing Climate

Across the world, the environment has become one of the biggest areas of
public concern. Using energy probably causes more environmental damage,
one way or another, than almost any other human activity yet most people
have still to make the link between the energy that they use and its
environmental impact.

There is now mounting scientific evidence that man-made greenhouse gas
emissions are having a noticeable effect on the earth’s climate. It is generally
accepted that facing up to these changes represents one of the world’s
greatest environmental challenges.

Industrial pollution dating back to the Industrial Revolution is now beginning to
impact on the earth’s climate in an obvious and devastating way. Weather
patterns are changing very rapidly — in itself a dramatic warning factor given
that in the past generally such trends are barely discernible.

One particular feature which is causing concern is the threat of global
warming. The earth is sustained at habitable temperatures by a combination
of direct heat from the sun and reflected heat from the earth’s surface being
absorbed by gases in the atmosphere, the latter phenomenon being known as
the “Greenhouse Effect”.

Without this effect the temperature of the earth would be 30°C lower and life
as we know it would not be possible. The principal gases which cause this
effect are water vapour and carbon dioxide. However, an increase in the
amount of these gases leads to additional warming and this may also threaten
the long-term sustainability of life on the planet.
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THE GREENHOUSE EFFECT

Visible energy from the sun
passes through the glass
and heats the ground

Infra-red heat energy
from the ground is

partly reflected by the
glass, and some is
trapped inside the
greenhouse

The world is getting warmer

Since 1990 new records have been set in the 232-year Central England
Temperature (CET) series. Four of the five warmest years have occurred in
this period. The highest known UK temperature for any month was 38.5°C
recorded at Faversham in Kent on 10 August 2003. Globally all of the 10
warmest years on record have occurred since 1990.

In Northern Ireland, nine of the 15 warmest years since 1841 have occurred
since 1990. In 2005, nine days in December were hotter than the preceding
summer.

The problem is that increased industrial activity since the late 18" Century has
meant the atmosphere has been used as a gigantic dump for waste gases.

Global warming is now 0.6°C in the past three decades and 0.8°C in the past
century.
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The world faces major impacts

The rate at which the climate is changing will affect the world in extreme and
unpredictable ways.

Major climatic changes with increases in the frequency of extreme
events such as storms, heat waves, droughts and floods;

A rise in the mean sea level of 15-95 cm which would result in
flooding of coastal areas. Parts of Belfast and Londonderry would
be under threat, as well as areas such as East Anglia and low-lying
countries such as the Netherlands, Bangladesh, and the Maldives.
The average sea level around Northern Ireland is now about 10 cm
higher than it was in 1900.

Changes in food supply and plant growth rates.

Global Warming Gases

The most significant man-made contributions to the greenhouse effect are
carbon dioxide (CO2), methane (CHa4), oxides of nitrogen (NOx) and
chlorofluorocarbons (CFCs) with carbon dioxide contributing as much to
global warming as all the others put together.

About 80% of global CO2 emissions come from the burning of fossil fuels,
(coal, oil and gas). Since the start of the Industrial Revolution the
concentration of carbon dioxide in the atmosphere has increased by 25%.

Emissions of greenhouse gases: 1990-2005
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The UK contributes about 2% to global man-made emissions of COz, the main
greenhouse gas, which is estimated at between 6.2 and 6.0 billion tonnes of
carbon a year. However, the UK is less than 1% of the world population.

Atmospheric carbon dioxide concentrations have increased from 354 parts
per million (ppm) in 1990 to over 380 ppm in 2006.

The chart below shows the monthly records of carbon dioxide concentration
taken at the United States’ Mauna Loa Observatory in Hawaii. There can be
no doubt that carbon dioxide levels are continuing to increase.
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Most climate models show that a doubling of pre-industrial levels of
greenhouse gases is very likely to commit the earth to a rise of between 2-5°C
in global mean temperature. This level of greenhouse gases will probably be
reached between 2030 and 2060. If annual greenhouse gas emissions
remained at the current level, concentrations would be more than treble pre-

industrial levels by 2100. (The Stern Report on the Economics of Climate Change,
2006).
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Sources of carbon dioxide emissions in the United K ingdom

The chart below shows the breakdown of UK greenhouse gases by sector.

Public
1%

Business
9% Waste management
2%

Land use change
4%

Industrial processes
3%

Agriculture & Land use change

27%

Transport
14%

Residential
17%

Energy supply
23%

For Northern Ireland:

around 75% of greenhouse gas emissions are accounted for by the 16
million tonnes of CO2 produced annually through burning coal, oil and

gas

housing alone uses 44% of all energy use and of this 84% is used for

space and water heating

transport accounted for 27% of the total CO2 emissions (2003), and

agriculture contributed around 22% of greenhouse gases in the form of

methane and nitrous oxide

Information on Carbon Dioxide Emission Factors can be found in Section 5.
This information can be used to calculate how much CO: is being generated

by your building.
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CO: Reduction Measures

Experiments run on global climate models show us that when we reduce
emissions of carbon dioxide, we reduce the rate of rise of average global
temperatures and so lessen the rate and impacts of climate change. We can
therefore slow the rate of warming by changing our behaviour.

However, once released into the atmosphere, carbon dioxide remains there
for about 100 years. So even if we were to reduce emissions, we are
committed to a certain amount of warming and are likely to see a global rise in
temperature of 2°C by the end of the century owing to greenhouse gases
currently in the atmosphere. We may need to reduce emissions by 60% to
80% to stabilise the climate completely.

Chlorofluorocarbons (CFCs)

The ozone layer is vital to life as it shields the most harmful ultraviolet light
from reaching the earth. This is being broken down by CFCs, due to the fact
that the sun’s radiation converts CFCs to chlorine which destroys the ozone
by changing it to oxygen. The chlorine is not destroyed in the process and so
has a devastating effect for long periods of time. Each molecule of CFC gas
has 10,000 times the effect of CO..

Acid Rain

Acid rain is caused by water droplets absorbing sulphur and nitrogen
compounds from the atmosphere before falling to the ground as rain. Acid rain
impacts on plant life as well as the infrastructure of many of our cities. The
main source of sulphur compounds is oil and coal fired power stations. Power
stations, along with car exhaust fumes, are also major sources of nitrogen
compounds found in the atmosphere. Reduction in energy use, especially
electricity generated by fossil fuel fired power stations, will therefore have a
beneficial effect in reducing the problem of acid rain.
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Deforestation

Forests cover around a third of the total land surface of the earth. The
reduction in area of this valuable environmental, social and economic
resource through deforestation has the potential to cause problems on a
global scale. Climate models have demonstrated a clear link between
deforestation and climate change.

Western Europe has already lost over 99% of its primary forest. Today,
deforestation programmes focus on the major rainforests of the tropics. In the
1980s global deforestation was estimated at 17 to 20 million hectares per
year, equivalent to the size of Britain. Current tropical tree planting
programmes are not keeping pace with this rate of deforestation. Countries in
these areas are often under-developed and striving for improved economies.
Deforestation for wood and agricultural land can provide numerous economic
benefits, but can have damaging environmental impacts on forest ecosystems
and can affect local and regional climate.

Trees absorb carbon dioxide from the atmosphere for photosynthesis, and
therefore help to regulate the natural greenhouse effect. Deforestation takes
away a potential sink for the carbon dioxide mankind is pumping into the
atmosphere. In addition, if forests are removed by burning, a lot of extra
carbon dioxide locked up in tree wood is returned to the atmosphere.

What is being done to counter Climate Change?

At the Rio Earth Summit in June 1992, parties to the Framework Convention
on Climate Change (FCCC) agreed to stabilise emissions of greenhouse
gases at 1990 levels by the year 2000, in an attempt to mitigate the threat of
global warming. Following this, an historic agreement to actually cut
emissions was agreed in December 1997 in Kyoto, Japan, at the third
Conference of Parties to the FCCC. Industrial nations agreed to reduce their
collective emissions of greenhouse gases by 5.2% from 1990 levels by the
period 2008 to 2012. Crucially, the Kyoto Protocol committed developed
countries to make legally binding reductions in their greenhouse gas
emissions.

It has been concluded that most of the warming observed over the last 50
years is likely to have been because of increasing concentrations of
greenhouse gases due to human activities. But we now have to face up to the
consequences. Man-made emissions of carbon dioxide and other greenhouse
gases are accumulating in the atmosphere and starting to change our climate.
We must not underestimate the impact this could have.

The devastating floods, droughts and storms we have seen in the UK and
across the world in recent years show all too clearly how vulnerable we are to

September 2007



climate extremes and how high the economic, human and environmental cost
can be, particularly in developing countries.

Under the Kyoto Protocol, the developed nations have agreed targets to
reduce emissions of greenhouse gases to below 1990 levels during the period
2008-2012. Within these arrangements, the UK has agreed to a 12.5%
reduction within an overall target for the European Union (15) of a reduction of
8%, equivalent to 330 million tonnes of CO..

Within the UK, the Government believes that greater reductions in emissions
are feasible and will offer advantages to the country. So in 2000, the
Government set a separate national target of reducing carbon dioxide
emissions to 20% below 1990 levels by 2010.

Following this, in 2003 the Government issued a policy paper entitled Our
Energy Future — Creating a low Carbon economy, which contained proposals
for the longer term and which will put the UK on a path to securing a 60%
reduction in emissions by around 2050. This objective was repeated in further
policy papers issued in 2006.

Also in 2003, the European Union enacted a Directive on the Energy
Performance of Buildings, aimed at improving the energy efficiency of the 160
million buildings throughout Europe. This is now being phased in, and should
deliver a saving of up to 45 million tonnes of carbon dioxide Europe wide.

Although the objectives contained in these policy papers do not automatically
apply to Northern Ireland, Departments here have, with Ministers’ agreement,
worked towards the same targets.

Sustainable development

In May 2006, a separate strategy entitled First Steps Towards Sustainability
was published in Northern Ireland. This sets out the basic principles to guide
all actions and programmes undertaken by Departments and other public
bodies, and has been underpinned by a statutory duty placed on all
Departments and District Councils to act in a sustainable manner.

A major objective of the strategy is to reduce the greenhouse gases emitted
by Northern Ireland by 25% below 1990 levels by 2025. All Departments
have developed action plans. As the Department of Finance and Personnel
has overall responsibility for the maintenance and management of the office
estate in which all Departments are accommodated, it has set the following
targets —

To make the Government Estate carbon neutral by 2015
(three years later than in GB);

To source at least 10% of its electricity requirements from
renewable sources by 31 March 2008;

To reduce absolute carbon emissions from fuel and
electricity used in buildings by 12.5% by 2010/11, relative
to 1999/2000;
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To increase the energy efficiency of the buildings
(measured in kilowatt-hours of fuel and electricity used
per square metre of floor area) by 15% by 2010/11,
relative to 1999/2000;

To reduce water consumption by 3% by the end of
2011/12, relative to 2008/09.

Climate change affects us all — and we can all be p  art of the solution. We
have a responsibility to take action, but it is als 0 in our own interests to
do so. Measures to reduce greenhouse gas emissions can be good for
the economy, for businesses and for our communities . We must make a
strong contribution to the global fight against cli mate change, while

improving the quality of life we have now, and that of future generations.
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2. ENERGY IN NORTHERN IRELAND

Northern Ireland, despite its relatively small size, is fully committed to making
as significant an impact as possible within the climate change strategy and
delivering the UK’s Kyoto and domestic targets. The Northern Ireland
Sustainable Development Strategy, published by the Department of the
Environment (NI) in May 2006, places a statutory duty on Departments and
District Councils with effect from 31 March 2007 to act in the way best
calculated to contribute to the achievement of sustainable development in
Northern Ireland.

A specific target within the Strategy requires the Government estate to be
carbon neutral by 2015, three years later than Departmental estates in GB.

In 2002, some 41,000,000 MWh of primary energy was required for Northern
Ireland to generate electricity and meet all our other energy needs. That is the
equivalent of 3.2 million tonnes of oll.

The breakdown of how this energy was used is shown below.

Public sector

5%
Commerce & buildings
7% >

I

Industry
17% Residential

43%

Transport
28%

This energy came from a range of sources as shown in the chart below.

Renewable energy
0.2%
Imports of electricity
3%

|

Fuel for transport
19% Coal

Natural gas
22%

Oil & LPG
26%
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If left unchecked it is thought that the demand for electricity in Northern
Ireland will continue to grow by as much as 2% per annum. For the
foreseeable future it is thought that NI will have a requirement for three major
power stations plus interconnection to meet this demand. Electricity prices for
industrial customers in Northern Ireland are about 30 - 60% higher than GB,
whilst for domestic they are on average 23% higher than in GB.

Electricity generation

The total annual electricity demand in Northern Ireland is approximately 8,000
GWh. Capacity available to meet electricity customers’ demand is
approximately 2,152 MW with the peak demand, at any time, approximately
1,669 MW.

Renewable Energy and Green Electricity

In its consultation document “Renewable Energy in Northern Ireland —
Realising the Potential” DETI defines renewable energy as being produced
from a source, which can be renewed in a short time relative to the average
human life span. It can be thought of as energy which occurs naturally and
repeatedly in the environment. Green electricity is electricity generated from
approved renewable sources such as wind, hydro, geo-thermal, photovoltaics
and biomass.

The generation of green electricity involves negligible emissions of CO2 (the
main greenhouse gas) and is therefore much more environmentally friendly
than the generation of electricity from traditional fossil fuels such as oil, coal or
natural gas. Currently, in Northern Ireland the vast majority of green electricity
is generated by wind turbines located on local wind farms. (In 2005 it was
estimated that the total generating capacity of large scale wind farms in
Northern Ireland was around 110 MW.)

DETI has a current target of 12% of electricity being generated from
indigenous renewable resources by 2012. To support this the Northern Ireland
Renewables Obligation (NIRO) places a legal requirement on all Northern
Ireland licensed electricity suppliers to source a specified quantity of electricity
supplied to final consumers from renewable sources. (There is also a
requirement from 2007 that overall consumption of electricity is reduced by
1% per annum until 2012.)
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Period GWh % of total
2006/2007 8,418 2.6
2007/2008 8,569 2.8
2008/2009 8,723 3.0
2009/2010 8,880 35
2010/2011 9,040 4.0
2011/2012 9,203 5.0
2012/2013 9,369 6.3

Level of Northern Ireland Renewables Obligation (NIRO)

With certain conditions, the following renewable sources are approved under
NIRO: Landfill, sewage, hydro, offshore wind, onshore wind, biomass, waste,
geothermal power, tidal and tide stream power, wave power and
photovoltaics. It is intended that at least 15% of the supply will come from
non-wind technologies.

Although ‘green’ electricity might be slightly more expensive than ‘brown’
electricity, green electricity, from approved sources, is not liable for the
Climate Change Levy (CCL) which from 1 April 2007 is 0.441p/kKWh.

Locally, in 2002 the Northern Ireland Assembly adopted the recommendations
made by the ETI Committee in its Report of an Energy Inquiry. Among other
things, this committee recommended that —

“The Executive, the Assembly and Local Authorities should
[strive] to be powered entirely by renewable energy ”

Green electricity has been purchased by the public sector since 2001 via the
annual round of tendering in the 2" tier market for eligible sites. By 2006, the
public sector estate was purchasing 17% (about 167,000 megawatt hours) of
its electricity requirements from non-fossil fuel sources (“green electricity”),
well ahead of the Government’s target of 10% by March 2008.

Several organisations have installed renewable energy technologies, such as
boilers using wood products rather than oil or gas, wind turbines, solar and
photovoltaic panels and ground source heat pumps. Over the coming years,
these units will allow Departments etc to reduce their reliance on fossil fuels
and contribute to the goal of a carbon-neutral estate.
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3. ENERGY EFFICIENCY IN THE NORTHERN IRELAND

PUBLIC SECTOR

Strategy for the Northern Ireland Public Sector Ene  rgy
Campaign (PSEC)

The public sector estate in Northern Ireland consists of all buildings occupied
by public bodies, such as Government departments and their associated
agencies, executives and trusts, District Councils, schools and other
education facilities etc. The major blocks are:-

the Government Office Estate (managed by DFP)

the specialised buildings of DARD, DETI, FANI, NIPS and PSNI
health and social services facilities

water and roads services

District Council properties

schools, libraries and museums

universities and further education colleges.

In total, this amounts to some 3,500 buildings, with an estimated annual
energy bill of over £125 million and carbon dioxide emissions in the region of
683,000 tonnes a year. Although this only accounts for about 5% of Northern
Ireland’s total energy consumption, it is important that public bodies take an
active role in pursuing local and national strategies.

The Departments and public bodies are all autonomous organisations, each
with responsibility for the management of their own resources, including
energy. Energy Performance Unit in Properties Division of the Department of
Finance and Personnel (DFP) has an overall policy and co-ordinating role.
Technical advice and assistance are provided by Engineering Services and
Energy Unit (ESEU) of Properties Division to Departments and other bodies
who do not themselves have direct access to this support.
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Public Sector Energy Spend for 2005 / 06

NIO Police

0.19%

NI Prison Service
1.87%

DSD

1.67%

Parliament Bdgs
0.21%
Councils
9.97%

DARD
1.64%

DCAL

0.15%

DEd
DRD 20.64%

21.83% DEL

8.38%

DoE
0.85%

DETI

DHSS&PS DFP 0.22%

26.35% 0.40%

Total Cost - £126 million

Between 1999/2000 and 2005/06 costs have increased by 58.9%. So it can
be seen that considerable effort is required simply to keep energy expenditure
in control.

PSEC undertakes a benchmarking programme to establish annual energy
performance indicators for the Northern Ireland public estate.

Objectives

The objectives for Northern Ireland public bodies are currently -

To reduce absolute carbon, from fuel and electricity used in
buildings on their estates by 12.5% by 2010-11, relative to 1990-
2000

To increase the energy efficiency of the buildings on their estate
measured in terms of kWh of fuel and electricity use per square
metre of building floor area by 15% by 2010-11, relative to 1990-
2000

To source at least 10% of their electricity from renewable sources
by 31 March 2008.
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Roles and Responsibilities within PSEC arrangements

The Energy Performance Unit of Properties Division co-ordinates the Public
Sector Energy Campaign, and prepares an annual report on the campaign’s
progress, which is presented to Ministers, the Northern Ireland Assembly and
senior Departmental Managers.

The Departmental Energy Manager (DEM) nominated by each Department
is responsible for furthering the campaign across the whole Department on a
day to day basis including staff motivation programmes. The DEM is also
responsible for providing an annual return of data on energy use by the
buildings occupied by that Department. (A more detailed explanation of the
DEM'’s responsibilities is given in Appendix 2.)

Similar action is taken by Departmental Agencies. Non Departmental Public
Bodies (NDPBs) participating in the campaign will also nominate individual
energy managers with the central Departmental Energy Manager performing
a co-ordinating role. Energy managers are also appointed by District
Councils.

Premises Officers are responsible for the day to day energy management
within their buildings and are required to liaise with their DEM on monitoring,
energy efficiency works, staff motivation programmes, etc.

Engineering Services and Energy Unit (ESEU)  of Properties Division is
responsible for energy management within the DFP owned Government
Office Estate and will provide technical support and advice to Departments
and other clients. Requests for support should normally be made to ESEU via
the Departmental Energy Manager.

ESEU and Energy Performance Unit maintain a close liaison to co-ordinate
their activities in relation to the campaign.

Financial Resources

In line with accepted good practice, each Department, its agencies and
associated Non Departmental Public Bodies will aim to invest annually the
equivalent of at least 10% of its energy bill in measures which improve energy
efficiency or reduce emissions of carbon dioxide.

September 2007
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DEMs are closely involved in the expenditure on energy efficiency measures
within their Departments, and in the bidding procedure for future funding for
such measures.

Limited additional funding is available from the Central Energy Efficiency Fund
(see below) established by DFP to support projects to improve energy
efficiency or reduce CO2 emissions but which cannot be funded from within
existing budgets.

Departments will also be expected to consider, where appropriate, the use of
Contract Energy Management and other sources to fund energy efficiency
measures.

Central Energy Efficiency Fund

The Central Energy Efficiency Fund (also known as the Central Fund) was
established in 1993 to provide support for energy (and later carbon dioxide)
saving measures which could not be financed from within Departmental
budgets. The Fund is open to all Northern Ireland Departments and their
offshoots, such as Health Trusts, Education and Library Boards, District
Councils and NDPBs. It does not extend to GB Departments, such as Inland
Revenue, Defence, Court Service etc, as these are the responsibility of the
UK Government.

All public bodies are invited annually to make bids for assistance from the
Central Fund. All applications are considered by an Energy Working Group
made up of Departmental representatives and independent advisers.

Bids are invited each autumn, for implementation the following financial year.
Proposed projects must meet certain eligibility criteria, including minimum
capital cost and reasonable payback. All other avenues of funding must
have been explored before a Central Fund bid can be  accepted.

There is no quota system for Departments or other bodies; nor, as yet, have
funds been targeted at any one preferred technology. However, this approach
is kept under review and may be modified in view of the growing emphasis on
renewable energy technologies.

Allocations from the Fund are decided on a competitive basis, with preference
going to the most effective schemes. Bids are analysed, taking account of the
project’'s expected lifespan and anticipated savings of cash, fuel and carbon
dioxide. Schemes meeting the above criteria (perhaps up to 300 in any year)
are listed and ranked in order of their benefit cost ratio, and financial support
offered to the most attractive up to the limit of the funds available.
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After some months’ operation and monitoring, post project evaluations are
carried out on a number of schemes, selected to represent a spread of cost
and technology.

Further information about the Central Fund, including case histories and
application forms, can be found on the PSEC website, www.psecni.gov.uk.

Monitoring and Targeting (M&T)

To control energy consumption and costs, regular and reliable records of
energy use should be maintained. Such records will help to identify changes
in energy costs and consumption. This is commonly called monitoring and
targeting or M&T.

A common M&T system is operated by ESEU for Government Departments,
and a similar version is available to District Councils. NDPBs and other bodies
participating in the campaign will be responsible for developing their own M&T
systems. ESEU and Energy Performance Unit will be happy to advise on
M&T if requested. Further advice on Monitoring and Targeting can be found
in Section 9 of this manual.

Motivation

The DEM will be responsible for running motivational campaigns in ‘good
housekeeping’ throughout the Department’s estate. Energy Performance Unit
of Properties Division will support and encourage the campaigns by
developing new awareness raising material and formulating new
ideas/approaches to the issue. The overall aim will be to raise staff awareness
and hence make savings through improvements and good housekeeping.
(Appendix 3 identifies a checklist of ‘good housekeeping’ measures.)

New Buildings

Within Government Departments, the DEM will seek to ensure that all new
buildings and major refurbishment projects include appropriate energy
efficiency measures. ESEU will support this through their Energy Advisory
Section.
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4. WHY SAVE ENERGY?

The world’s resources of oil, coal and natural gas (the fossil fuels) are finite.
The less we use today, the more will be available for future generations. It will
also buy time for the development of alternative energy sources.

Lower energy consumption means less pollution and a better environment.
Carbon dioxide produced from burning fossil fuels contributes to the
greenhouse effect and to the threat of global warming.

Each year tonnes of carbon dioxide are produced when satisfying the energy
demands of an organisation. A tonne of carbon dioxide has the same volume
as a 10 metre diameter balloon.

As fossil fuels become scarcer and harder to exploit it is inevitable that energy
prices will rise. So saving energy can not only save money now, it can save
money in the future. These savings can then be redirected into other areas,
such as improved services.

The Government recognises the importance of promoting energy efficiency in
public buildings. The Audit Commission has reported that the scope for
energy savings in these buildings is in the order of 20-30%. As the total
energy bill for public bodies in Northern Ireland is in the region of £100 million
annually, there is potential for significant financial savings, many of which can
be made by implementing “no-cost” and “low-cost” measures.

Building energy benchmarks provide representative values for common
building types against which you can compare your building’s actual
performance. Comparison with simple benchmarks of annual energy use per
square metre of floor area permits the standard of energy efficiency to be
assessed and enable remedial action to be taken. More detailed benchmarks
can help pinpoint problem areas within a building.

Further information on benchmarking is available in Section 10, or from the
Carbon Trust which gathers and disseminates authoritative information on
cost effective energy saving measures. Energy Consumption Guide 19
(ECON 19 — Energy Use in Offices) provides impartial information on
benchmarking office buildings.
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Good energy management results in a better working environment:

Overheating is not only unhealthy and unpleasant but also illegal
Under heating is also unhealthy, unpleasant and illegal

Improved lighting creates a better environment and modern devices
use less energy

Correct heating of a building helps reduce maintenance costs
Good control of hot water temperature avoids scalding

Good energy management and maintenance are closely linked; for example,
if energy using plant is not maintained it uses more energy and is likely to
need replacing more often. So energy saving will help avoid capital costs.

Energy is one of the largest controllable costs in

the Government Estate.
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5. ENERGY UNITS AND CONVERSION FACTORS

Measuring Energy

Energy may be measured in many different units, all of which are all related to
each other.

The most common unit of energy measurement is the kilowatt-hour (kwh). A
kilowatt-hour is a unit of energy equivalent to one kilowatt (kW), i.e. 1,000
watts, of power expended for one hour of time.

For example:

A 2 kKW electrical heater left on for 30 minutes will use 1 kWh
Likewise

A 100 Watt light left lit for 10 hours will also use 1 kwWh.

Conversion factors to convert kilowatt-hours to other common energy units
are listed below in Table 5.1.

One kilowatt-hour is equal to

Gigajoule Megajoule
(GJ) (M) Therm Kcal BTU
0.0036 3.600 0.03412 859.84 3,412.1

Table 5.1 - Kilowatt-hour energy conversion factors

23
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Energy Content of Fuel

Natural gas and electricity utility invoices measure energy used in kilowatt-
hours. However, for oil and LPG it is normal to record the quantity of fuel
supplied - litres. Since it is more meaningful to compare energy consumption
in common units the quantity of fuel should be converted to units of energy. It
is quite simple to convert quantities of a fuel to units of energy with the
relevant conversion factor. Conversion factors to convert most of the common
fuel types to kilowatt-hours are listed below in Table 5.2.

Fuel Unit Conversion

Factor
Electricity kWh 1.00
Natural Gas Therm 29.31
kWh 1.00

Cubic metre (m®) 11.64 1

Gas Oil (35 Sec) Litre 10.80
Kerosene (28 Sec) Litre 10.40
LPG (Propane) Litre 6.96

1 The amount of heat (kWh) available from a cubic metre of natural gas
varies by a small amount depending on the source of supply. The gas
meter calculates the kWh supplied according to the cubic metres. The
above figure, which is taken from January 2007 bills, may be used if a
conversion is required,

Table 5.2 - Converting to kwh for common fuels

September 2007
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Calculating Emissions

To assess progress under the Government's Climate Change Programme
and the other measures outlined in Section 1, it is necessary to calculate the
emissions generated from energy consumption on site. Fuel types have
different chemical compositions and are delivered and used by a range of
technologies. Consequently each fuel type produces different quantities of
greenhouse gases as emissions, with carbon dioxide (CO,) being used as the
principal measure.

To convert energy used in kWh to kg of CO, the conversion factors listed in
Table 5.3 may be used. These are taken from the DEFRA publication
General Guidelines on  Environmental Reporting available at
www.defra.gov.uk/environment/envrp/index.htm (see also PSEC website).

Fuel Kg CO 2/kWh
Gas/Diesel Qil 0.25
Heavy Fuel Oil 0.27
Natural Gas 0.19
LPG 0.21
Grid Electricity ™o 0.43
Renewables N2 0

Table 5.3 - Carbon Dioxide (CO;) Emission Factors

Note 1 It should be noted that the CO, conversion factor for grid electricity
depends on the fuel mix and power station efficiency, which is
constantly changing. Actual figures will differ from this value but to
help with year to year comparisons this constant figure should be
used in calculations until 2010.

Note 2 A zero conversion factor is used for energy that has been bought
from a renewably generated source which has been approved by
OFREG or NIAUR.
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Carbon conversions

Emissions are sometimes stated in tonnes of carbon, and there is a direct
relationship between carbon dioxide (CO;) and carbon (C) based on their
relative atomic weights.

Carbon has an atomic weight of 12
Oxygen has an atomic weight of 16
Therefore:
Carbon dioxide (CO) has an atomic weight of 12 + 16 + 16 = 44
Carbon (C) has an atomic weight of 12
This gives a ratio of carbon dioxide to carbon of 44:12

To convert the CO; factor into carbon equivalent, i.e., kg of CO, to kg of C,
multiply the kg of CO;, figure by 12 and then divide by 44.

EXAMPLE -

By burning 100,000 kWh of gas oil, 25,000 kg (25 tonnes)
of CO;is produced.

Converting to carbon, this gives 6,818 kg of C (6.8 Tonnes)
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6. METERING ENERGY

Types of Meter

Electricity Meter

Meters record kilowatt—hours (kWh) used. There are 2 common types of
electricity meter used in commercial premises. The digital type (Figure 6.1)
and the Programmable Polyphase Meter (PPM) (Figure 6.2).

Each meter has a unique meter identification number (Meter Point Reference
Number or MPRN) which is cross-referenced by the Electricity Supply
Company to a customer reference number. This customer number may be
found on an electricity bill/invoice.

Figure 6.1 - Digital (6-Figure) Type

Digital figures are scaled left to right 100,000 kWh to 1 kWh

The meter has a spinning disc, which rotates only when electricity is being
used.
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DISPLAY BUTTON

ABB A1700 PPM ABB Code 5 PPM

Figure 6.2 - Programmable Polyphase Meters (PPM)

The programmable polyphase meter (PPM) can be programmed to display
not only the total use (Rate 1) but other usage data (Rate 2, 3, 4 etc) in
accordance with the electricity supplier’'s various billing options/tariffs. The
supplier’s costs can vary with the time of day the month and season during
which electricity is being used.

The meter has a ‘customer defined’ liquid crystal display (LCD — up to 16
characters) and displays the time and date.

The PPM may also form part of a remote metering data collection system by
adding a modem to the meter and connecting this to a telephone point. More
commonly a GSM modem is used to avoid the complications of a landline.
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Oil Meter

Oil meters measure consumption of oil in litres. The meter is generally of the
digital type as illustrated in Figure 6.3 and is located in the oil feed pipe which
supplies the boilers in the boiler house.

|
'
AR R AT
DN 20 mm
pu 16 bwr

e 3893700

1999

Figure 6.3 - Oil Meter

An oil meter can have a pulsed output that enables it to be connected to a
remote metering data collection system or to a Building Management System
(BMS).
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Gas Meter

The gas meter is generally located on the outside of the building in a cream
coloured metal or plastic enclosure. The Premises Officer should have a key,
supplied by the Gas Supplier (Figure 6.4) to open the enclosure and read the
gas meter inside and to operate the emergency shut off valve if installed
inside.

Figure 6.4 -Types of keys for typical meter enclosures

The gas supplier's workmen sometimes refer to the meter enclosure and its
internal components as the gas rig.
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High flow gas meter Low flow gas meter

Figure 6.5 - Gas meters located in a gas rig

The gas meter can have a pulsed output that enables it to be connected to a
remote metering data collection system or to a BMS. This may be through a
device called a ‘chatterbox’ that allows a safe connection to the meter.

At sites with large gas consumption the gas is often supplied at a higher
pressure than normal and to compensate for this an electronic corrector is
installed in the meter enclosure. The corrector’'s function is to correct the
meter readings for temperature and pressure (see Figure 6.6)

® MICRO \SERIES

Figure 6.6 - Gas corrector located in gas rig
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How to Read a Meter

Electricity Meter
Digital (6-Figure) Type meter

Read the numbers from left to right. When the total number of units reaches
999,999 the meter starts again at zero.

9 4 6 9 4 5 kWh

100,000 10,000 1,000 100 10 1

The Meter reading in this example is 946,945 kWh.

If you have a Night Saver (Economy 7) meter, the meter will have 2 rows of
figures.

Row marked ‘LOW’ shows how many units used at the night-time
rate

Row marked ‘NORMAL’ shows how many units used at the
daytime rate

Programmable Polyphase Meter (PPM)

To obtain consumption, press the display button on the front of the meter until
the LCD shows the reading for the total consumption (Rate 1).

The meter is generally programmed to show not only the total consumption
but to record other consumptions based on the different tariffs as agreed with
the electricity supplier when the electricity on that particular tariff was used.
Each time the display button is pressed a consumption reading (Rate 1, 2, 3
etc) on the LCD will be displayed. Pressing the display button will also reveal

the current time and date.
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Oil Meter

Generally the meter is located in the boiler-house in the oil feed pipe to the
boilers.

Read the figures left to right as shown on the digital display.

The meter reading in the example is 32,104 litres.

Oil Tank Gauge
Where no oil meter is fitted the oil used may be obtained by reading the oll

tank(s) contents gauge(s). When calculating the monthly oil use an allowance
should be made for oil deliveries to the tank since the last reading was taken.

Gas Meter

Open the gas meter enclosure and read the digital type meter using only the
white figures and ignoring any numbers in red.

The meter reading in the example is 47,563 cubic metres.

For larger gas consumption sites a gas meter corrector unit may be fitted in
the meter enclosure. An example of a corrector unit is shown in Figure 6.6.
The corrector unit can display the ‘converted’ and ‘unconverted’ gas meter
readings. The corrector unit is linked to the adjacent gas meter and
automatically adjusts the meter readings to allow for the variations in gas
temperature and pressure.
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7. ENERGY INVOICES AND BILLS

Whether bills for electricity, gas, oil, etc, are paid locally or forwarded to
Properties Division for payment, Premises Officers must certify the bills or
invoices as correct before passing them on or authorising payment. This
section provides advice on how to check fuel bills.

Energy Invoices and Bills

Energy invoices provide valuable information. These invoices arrive monthly
or quarterly and give data on consumption and costs for electricity, gas, oil
and water.

Energy invoices are extremely useful for a number of reasons, including -

For a given financial year they provide a record of energy
purchased and a base line for future reference.

They can suggest where savings are most likely to be made.

They can be used to quantify energy and financial savings made
through energy conservation measures.

For all invoices it is important to check if the readings are ‘Actual’ or
‘Estimates’. Also it is vital to note the date of meter reading by the utility
company.

It is worth the effort to check the invoice calculations and meter readings (if
logged independently) to ensure that you have not been overcharged or
undercharged.

Purchase of Electricity

General

Electricity accounts are billed either monthly or quarterly as indicated. Larger
consumers will generally have monthly accounts while smaller consumers will
have quarterly accounts. Each account is associated with an electricity meter
and it is possible to have more than one account for any particular building if
there is more than one utility meter for the building. The price paid for
electricity depends mainly on the quantity used and the particular tariff the
consumer is contracted to.

Historically most of the electricity in Northern Ireland has been supplied by
Northern Ireland Electricity plc. The April 2007 billing rates for NIE Tariffs are
shown on a price information sheet - see Figure 7.1.
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NIE Transmission and Distribution (T&D) still owns and operates the
electricity network in Northern Ireland. As the licensed Distribution System
Operator it is still responsible for maintaining all the sub-transmission, medium
and low voltage electricity network infrastructure. Eligible non-domestic
electricity customers have the right to choose one of the electricity supply
companies currently licensed to supply electricity in Northern Ireland. Non-
domestic customers may contract with any second tier supply licence holder
or NIE Supply, provided they have capacity to sell. These contracts are struck
at a price negotiated by the parties and not a regulated price. Non-domestic
customers are also able to purchase a ‘green only’ product. From the 1 April
2005 all metered non-domestic customers had a choice of electricity supplier.

It is expected that the market will open fully to include domestic customers
during 2007.

Green | ‘Eligible’ Market
Airtricity Energy Supply Ltd Y
Bord Gais Eireann Y Y
Energia Y Y
ESB Independent Energy Y Y

Table 7.1 - Current active second tier suppliers

In order for a non-domestic site to participate in the market the site must first
have a suitable metering with communication that enables NIE to receive half-
hourly data. If suitable metering does not exist it can be upgraded, at cost, by
NIE who are responsible for the metering network in Northern Ireland.
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Figure 7.1 - NIE price information April 2007
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Electricity Bill

Depending on the Billing Option or tariff, the bill shows the following
information:

(i) Number of units and unit cost.
(i) Availability charge.

(i) Maximum demand charge.
(iv) Fuel Price Adjustment.

(v) Standing Charge.

(vi) Climate Change Levy.

For the various billing options available, refer to the electricity supplier's
information.

The following figures show some typical electricity bills.
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// . Northern Ireland
& Electricity

DEPT FOR SOCIAL DEVELOPMENT
20 CASTLE STREET

ANTRIM

BT41 4JE

Address Supplied
20 CASTLE STREET, ANTRIM

Dear Customer

Please find enclosed your latest account details. You will find
more information overleaf and if you have any queries please
call the Customer Helpline.

Pay your bills by Direct Debit and get up to 4% discount.

On average this will pay for 2 weeks electricity every year.

To sign up call us with your bank details - no forms, no
fuss (caller must be approved signatory).

This period's electricity use

Please see Meter Reading Analysis attached

Northern Ireland Electricity plc 120 Malone Road Belfast BT9 5HT.
VAT Reg No 617518142

CCL Accounting Document

Account Number 1731000000
Meter Point Ref. No. 81524984114

Tariff  Multir
Billing Period /07/06 - 30/01/07
Date of this bill 14 February

Payment due date 28 February 2007

EIECtTiCity bill Page 1 of 2

Standing Charge £270.90
Winter Peak 6,663 Units at £0.522 per Unit £3,478.09
Winter Day 29,612 Units at £0.123 per Unit £3,642.28
Summer Day 38,598 Units at £0.092 per Unit £3,551.02
Evening & Weekend 47,008 Units at £0.061 per Unit ~ £2 867.49
Availability Charge 70 kVA at £0.95 per kVA £418.95
Fuel Price Adjustment 121,881 Units at £-0.00533 per £649.63CR
Unit

100% Business Use

Climate Change Levy (CCL) 121,881 Units at £0.0043 £524.09
per Unit

Sub Total before VAT £14,103.19
VAT on £14,103.19 at 17.5% (Including CCL) £2468.05
Total charges for this period £16,571.24

Balance at last bill £1.644.69
Payment received 21 Aug 2006 £1,644.69CR
Balance before this bill £0.00

Amount Due
Amount due by 28/02/07

£16,571.24

Figure 7.2 - Typical NIE electricity bill
(showing units used and amount due)
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: ACCOUNT INFORMATION  JRETIES 278075
ener gla CUSTOMER SERVICE

cuitchedon | EeTIEncy Faults: 08457 643643 Azcount Number gz
Ao{:l:uun: Enqu&ﬁﬁﬂmﬁfﬁfﬂ Ascauntng Parlog 1 Feeb 2007 bo 26 Fab 200¢
Aegoont Manage < Diawid i 8 T
Acount Managar's Tel N 028 8275 7929 SIE S Hiioker 15R0E81T2

PREMISES SUPPLIED

HEALTH ESTATES STOMEY ROAD, BELFAZST, BT16 1US

DETAILS OF METER READS

Units Units Units Units ~ Tofal Units
Date  Nov & Feb Pk Eve Whkday Weekend Day  Nev & Feb Day Night
Diay 1 8515 2500 2605 133,40 Y10
Cay 2 T8 2470 AE010 14010 BO5,B5
Day 3 184,75 13635 323,10
Cray 4 193,20 13880 330,00
Diay & TB% A0.55 GEY 40 15780 E18,E0
Cay & B2.40 3065 a75.80 14560 fEL S
Dy ¥ B B0 .05 sa1.10 164 85 B15.50
Day & BS540 2435 58565 15240 528,00
Cuay & E2.35 2615 456,10 13615 TIRTS
Ciay 10 1E1.80 12235 325
Day 11 1E1ED 12120 1280
Dy 12 T2a0 2480 BE2TS 15145 T, 30
Dy 13 515 2575 54620 144 35 501.43
Day 14 #5.80 2475 554 B0 158 56 2ol
Day 15 E5.10 26400 551,15 132,75 T 00
Day 16 15,35 24.40 47405 14240 T 40
Day 7 1710 117.EQ st )
Day 18 10355 135,00 JEES
Day 19 3455 2508 558,40 145 54 B1185
Day 20 T4.50 820 45740 137,10 T4 ED
Day 21 78,05 10 52795 134,50 TEI40
Day 27 bl s L] 134058 BOG, 05
[y 22 75,45 2585 1810 152,55 TS
Dy 24 1025 118 4% 300,70
Day 25 17685 a5l 238.55
Cray 28 7180 2835 507.20 14810 75155
Chay 27 4070 2480 543 48 1325 Ta3E]
Cay 2B A5 50 2455 G310 13210 A
Totals 1G0E A0 521.00 1452 40 8615 330135 1FHEAG0
Load Factor % 3124
Avrrage Pover Factor 1.00
Mazirnum Camand BS KMA

Figure 7.3 - Page from Energia electricity bill showing energy use
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Figure 7.4 - Typical Airtricity bill
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Gas BIll

The bill provides the following information:

0] Number of units (cubic metres - m3).
(i) Past and present meter readings.
(i) Energy factor.

(iv) Kilowatt-hours consumed.

(v) Unit cost per kWh.

The gas consumption should be checked by periodically reading the meter
and, on larger sites, the total on the corrector unit (if fitted). If possible, totals
should be noted at the same time as the reading is taken by the gas supplier’s
agent. It is also recommended that a numerical check is carried out, including
consumption and conversion checks.

The following figure shows a typical gas invoice for a site without pressure
temperature compensation.
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Figure 7.5 - Typical gas bill (showing amount due and meter readings)

With reference to the bill in Figure 7.5 the conversion check is carried out by
multiplying the energy factor and gas consumption in m* shown on the bill as
follows:

2,162 (m°) x 11.44 (kWh/m®) = 24,733 (kwh)

The supplier calculates the energy factor in this case as the calorific value
divided by 3.6, so the calorific value of the gas is 3.6 (MJ/kWh) x 11.44 (kWh/
m°) =3 41.2 MJ/m®. The calorific value is usually in the region of 39 to 42
MJ/m?>.

The gas consumption can be checked by comparing the site readings against
the m* consumption figure that is on the bill. For larger sites, or sites where a
gas corrector is fitted, the calculations are more complex.
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8. GAINING AND MAINTAINING CONTROL OVER ENERGY

The occupiers of a building are the major determina  nts of that
building’s energy use, and it is on them that respo nsibility for
day to day energy management and the resulting ener gy
performance rests.

Energy Walk-rounds

You cannot plan how you are going to control energy costs in your
organisation unless you know how energy is being used. One simple and
quick way to start gathering this information is to make a regular tour of
inspection around your building — an energy walk-round.

A regular walk-round will help you:
Demonstrate your commitment and the importance placed by your
organisation on keeping energy costs under control,

Check that wasteful practices are gradually eliminated and do not
recur,;

Identify ways to reduce the impact of your organisation’s energy
consumption on the environment;

Avoid expensive breakdowns and repair bills by keeping plant and
equipment well maintained;

Determine if a more detailed energy survey is desirable.

A checkilist to help you conduct an effective walk-round is in Appendix 4.

The Energy Year

Simple inspections and observations in your buildings can help you to identify
ways of quickly cutting energy use without adversely affecting your staff, and
in many cases without capital cost.
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Periodic inspections, which you can combine with your regular energy walk-
rounds, will also allow you to assess the physical condition of your buildings
and evaluate how well controlled the services within them are.

You should try to ensure that periodic inspections take note of seasonal
variations in requirements. Much waste occurs when systems are not under
full load. In spring and autumn internal temperatures are often maintained at
unnecessarily high levels because services are set to respond to deep winter
conditions rather than to the milder weather prevailing at each end of heating
season.

For lighting, avoidable waste occurs most frequently on overcast days, when
lighting has been switched on early and left on. If water heating is by means
of a central boiler plant, waste is greater in summer when the plant may be
operating just to provide very small quantities of hot water for hand washing.

You may find it valuable to establish required service levels for illumination,
temperature, humidity, and air change rate, and then ensure they are
achieved using the minimum level of energy use and cost.

Maximise the benefits from your investments while minimising technical and
operational risks by planning your energy management activities around the
seasons. More detailed advice is contained in Appendix 5 — ‘The Energy Year
Programme’.

Spring. Nominally the heating season ends on 30 April, but you should try to
turn heating off before then in daytime, as general temperatures make heating
unnecessary. Spring is often the time when financial budgets are being set,
and bids for investment capital need to be made, complete with supporting
information.

Summer. The longer, brighter and warmer days of summer reduce the hours
of operation of many building services. This is the time to check on your hot
water consumption. Early summer is the time to plan energy saving
improvements for the colder darker days of the following winter. Also look for
misuse of any air conditioning.

Autumn / winter. Traditionally, the heating season in many buildings begins
on 1 October. In practice, it varies according to the external climate and,
particularly in buildings such as offices with large heat gains from equipment
or people, it may occur much later. Activate systems only as and when they
are made necessary by weather conditions.
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9. MONITORING AND TARGETING

Introduction

Monitoring of resources and working within budgets are basic management
functions. As building managers become increasingly responsible for their
own costs, they are expected to account for the cost of the energy they use.
The principles of monitoring energy consumption covered in this section
provide a way of accounting for the energy used and a method of ensuring
that waste of energy does not go undetected.

Targeting is a technique of setting and aiming for a particular (reduced) level
of energy use. By monitoring consumption at regular intervals it is possible to
forecast whether or not a target will be achieved.

The main benefits of monitoring and targeting (usually known as M&T) are:
A better understanding of the energy consumption characteristics of
a building or estate.
A means of gauging the effectiveness of energy-saving measures.

Early indication of abnormal consumption, allowing corrective action
to be taken.

Provision of essential information for central management.

It has been found that the improved energy awareness that results from the
implementation of M&T can lead to energy savings in the region of 5-10%
without the need for capital expenditure.

Energy Data Collection

The first stage of implementing M&T is to collect energy data. Many buildings
already have monthly meter reading routines and these readings provide
basic monitoring information. Others have been relying on extracting data on
consumption from the utility bills. Some bills are invoiced quarterly and may
be estimated,; this tends to detract from their usefulness.
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Meter readings taken and used locally are the most effective way of
monitoring. The advantages are -

Quick remedial action is possible, if excessive consumption occurs.
Readings of doubtful accuracy can be easily checked.
Energy invoices can be checked for accuracy.

Local staff are more involved and motivated.

Meter Readings

Where meters are not read automatically they should be read on the last
working day of each month in addition to those readings necessary to check
and certify bills/invoices. The readings should be recorded on a monthly
energy log form (see illustration opposite).

Each month the Premises Officer should forward the log-form to the Energy

Manager, retaining a copy in an energy file, along with copies of the monthly
log forms and the utility bills/invoices.
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Figure 9.1 — Basic Energy Log-Sheet
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M&T Applications

Sophisticated M&T software databases (TEAM Sigma, Stark etc) are
commercially available which allow the user to create energy accounts for a
particular site, group of sites, overall estate etc.

By using the software reporting tools the user can create graphs and energy
reports for analysis, presentation and distribution.

An example of an M&T software database electricity account is shown in
Figure 9.2. The account shows the date of meter reading, meter readings
(past/present) and the monthly consumptions.

Figure 9.2 - Typical energy database electricity account

Remote metering data collection systems can be used to automatically collect
recorded energy consumption from utility meters. The meters are usually
connected to an Intranet, or via telephone modems, to a central PC terminal
(which has the remote metering system database software installed).

Premises Officers should be aware if such a system is installed and if so
should take steps to ensure that the modem line (if used) is not
disconnected or reallocated for other purposes.
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From the meter data collected the user is able to analyse in detail a building’s
energy profile for a given period, day, month or year. The main advantage of a
remote metering system is that it can be set up to provide half-hourly meter
readings thus providing a more accurate consumption profile.

An example of a typical graph, which may be produced from a remote
metering system database, is shown in Figure 9.3. This graph was produced
using Excel with data downloaded from the Energia web site. The graph
shows the electricity demand (kW) in a building for a particular day in half
hourly intervals. (To convert the demand to kWh it is necessary to divide it by
2.) The demand figure relates to the amount of equipment that was switched
on at the time.

Figure 9.3 - Typical day profile electricity use (half hourly)

Advice and assistance on monitoring and targeting are available from ESEU.
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10. ENERGY AUDITS, SURVEYS AND IMPLEMENTATION

Energy Benchmarking
Energy benchmarking allows energy managers to calculate the energy
performance of a building periodically (such as once a year) and compare it

against typical levels for similar buildings, established on a national, or
sometimes local, basis.

Benchmarking a site may take into account the following main factors:
Building type and function
Total treated floor area (square metres) or volume (cubic metres)
Percentage of each type of floor area (i.e. open plan cellular etc)
Annual electrical consumption (kwWh)
Proportions of electricity from fossil fuel or renewable sources
Annual fossil fuel consumption (kWh) for the same 12 month period
Degree Days correction figure

Annual hours of occupancy

The above factors may change over time with alterations to the layout of the
building, changes in building use or occupancy etc, and it is important that
details are kept up to date. Experience has shown that information on floor
areas in particular is often out of date, leading to inaccurate calculation of
performance.
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Figure 10.1 — Annual data return input sheet
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A customised energy benchmarking system has been developed to help the
Northern Ireland public sector estate determine its energy performance. This
is based on annual returns by energy managers of the energy used by each
building occupied by a Northern Ireland public body. This return will be
commissioned by Energy Performance Unit in DFP who will request
completion of a spreadsheet in the form shown in Figure 10.1 opposite. This
request will usually be made in early summer, and will cover the preceding
financial year.

The data supplied will be analysed and reports provided to energy managers,
senior Department managers and Ministers. Energy managers can use this
information to identify their priority sites and focus often limited energy
management resources to best effect.

These details are also used in the evaluation and selection of bids made to
the Central Energy Efficiency Fund. Provision of this information is now
mandatory for any bid to be considered.

For more information on benchmarking see the PSEC web-site at
www.psecni.gov.uk. and Good Practice Guide 286 - Energy Performance in
the government’s civil estate available in PDF format or from the Carbon Trust
website.

Once energy data is available it can be used as part of a benchmarking
exercise. In the first instance, Level 1 benchmarking can be used to identify
those buildings in a property portfolio whose consumption significantly
exceeds the typical benchmark figure. The most effective and efficient use of
resources will now be achieved by concentrating on those buildings, which
have been indicated as having the highest avoidable energy waste.

Although buildings having avoidable waste may be identified in this manner
the exact causes of the waste are often not clear. Further benchmarking
which audits energy consumption in greater detail can be carried out. For
example, benchmarking may have shown that electricity consumption is high
and if consumption information is available indicating the electricity
consumption for the individual building services systems such as lighting,
small power, heating, ventilation and air conditioning systems etc then these
consumptions can be benchmarked against typical values (Level 3
benchmarking). In this way attention can be focussed on the particular area
where the problem lies. The main problem with this approach is that the
specific information on individual systems is not usually available without
comprehensive energy recording or metering systems being installed in the
building. Many existing buildings simply do not have suitable systems
installed, although this will be addressed over time under revised legislation
introduced in 2006.

ESEU or independent energy specialists can be commissioned to carry out an
energy survey. This usually contains an energy audit, which seeks to identify
where, and in what quantities, energy is being used within the building. The
purpose of the survey is to identify measures that if implemented will save
energy. These implementation measures are usually categorised as “no cost”
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and “low cost” measures. “No cost” measures or “do it now” measures usually
relate to good housekeeping issues. Low cost measures involve capital
expenditure but the savings can generally be expected to pay back this
investment within 5 years.

Monitoring should be used as an iterative process to assess the impact of
implementation measures on avoidable energy waste.

It is recommended that public sector bodies set aside 10% of their energy
budget for energy saving measures. Funding is also available from the PSEC
Central Energy Efficiency Fund; see Section 2 and the PSEC website at
www.psecni.gov.uk. .

For further information see GPG 311 Detecting Energy Waste — a guide for
energy audits and surveys in the government estate; GPG 312 Invest to
save? Financial appraisal of energy efficiency measures across the
government estate, both available in PDF format or from the Carbon Trust
website.
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11. SPACE HEATING

Law on Space Heating Temperatures

The Fuel and Electricity (Heating) (Control) (Northern Ireland) (Variation)
Order 1980 requires that, subject to certain exceptions, electricity and fuel are
not to be used for heating premises to a temperature above 19°C. It is
generally accepted that this temperature will provide a comfortable working
environment. Guidance issued by the Health and Safety Executive also
confirms that it is reasonable to maintain a temperature around 19°C in
offices.

Users are in breach of the law only if the maximum temperature is exceeded
by the use of fuel or electricity. It is not an offence if overheating occurs due to
solar gain or internal heat gains from occupants. It is also not an offence if
local over-heating occurs in one part of the building because it is necessary to
ensure that the temperature in all areas of the premises exceeds the statutory
minimum of 16°C after one hour of occupation.

For more information on temperatures in offices read the Northern Ireland
Civil Service Centre for Workplace Health Improvement OHS Information
Sheet No 5 — “The Working Environment Part 1 Thermal Comfort (Revised)”.
This document is available for information purposes only at the PSEC website
WWW.pSecni.qov.uk.

Types of Space Heating Systems

Space heating systems may be categorised by the fuel used to provide the
heat, the heat transfer medium and the type of engineering system used to
deliver this heat to the space. Generally the heat source is a boiler fired by a
fossil fuel, usually oil or natural gas. Water is predominantly used as the heat
transfer medium to circulate the heat from the boiler to the final heat emitters
via a pipe-work system and pumps. Final heat emitters such as radiators,
natural or fan convectors are located in the space to be heated although
ventilation-heating coils could be located outside the space. The majority of
heating systems in public buildings are of the Low Pressure Hot Water
(LPHW) type, which is fundamentally a large-scale version of the domestic
central heating systems found in many homes.
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Boilers do not convert all of the energy potential in the fuel into useful heat
and are therefore categorised by their seasonal thermal efficiency. Gas fired
condensing boilers have the highest efficiencies quoted around 85-90%
followed by high efficiency oil and gas boilers with quoted efficiencies of
around 75 - 82%. Older oil fired boilers have maximum efficiencies of around
45 - 70%. It is important to service boilers annually and carry out efficiency
tests to ensure fuel consumption is minimised. With boilers incorporated into
engineering systems as already described, the overall efficiency of the system
is around 40 - 80%, and again it is important to ensure that all elements of the
heating system are properly maintained and controlled to minimise fuel
consumption.

Some public buildings are heated by electricity and it is important to
understand why this can be considered undesirable. Although electric heating
systems generally have a lower initial capital cost than a LPHW system, if
running and maintenance costs are taken into account over the lifetime of the
system, it is found that the so-called “life cycle cost” of LPHW systems is
generally lower. The use of grid electricity also generates proportionally more
emissions of CO, (the main greenhouse gas) than oil or gas systems as
evidenced by Table 5.3 in Section 5.

Indicative running costs (2007) for the various types of heating system when
seasonal efficiency is taken into account are illustrated below.

Gas Firing (condensing boiler, standard size radiators)
Cost per kWh input to space = 3.3 p/kWh
Oil Firing (good modern boiler)
Cost per kwWh input to space = 3.3 p/kWh
Electric Heating

The cost of electric heating will vary depending on the tariff and source
of supply, but at present (2007) will generally be between 8.5 p/kwWh for
“brown” electricity and 10 p/kWh for “green” electricity. The current
average cost is around 8.8 p/kWh.
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It is clearly demonstrated that electric heating costs are higher than for oil or
gas heating systems. However, the actual margin depends on the type of
electric heating system used. Non-domestic off-peak storage on the quarterly
billed Nightsaver Tariff (small sites, maximum demand <70 KVA) is the
cheapest. Experience has shown that the control of these systems is difficult
and the storage capacity is often exhausted by mid-afternoon so that daytime
electricity at full price must be used to top up the system.

Larger public buildings would generally be on the multi-rate tariff and
reference to the charges show that a standard Winter Peak rate of 52.2p kWh
(NIE monthly billed MV - April 2006) is chargeable between 16:00 to 19:00
which can lead to significant cost if electric heating is used during these
hours.

In most cases, it is a false economy to specify electric heating for new build,
building refurbishment or extensions.

The use of portable electric heaters should be prohibited. Portable electric
heaters are often used as an easy fix in poorly heated areas but often become
permanent fixtures. Further, the heat produced may interfere with central
heating system sensors, causing them to switch off, thus compounding the
problem and possibly causing heating problems in other areas.

The root cause of the heating problem should be ide  ntified and if
possible addressed by other means.

Control of Hot Water Heating System

The control of heating systems in buildings can be described under 3 main
headings:

Time Control - turning the heating on/off to suit hours of occupancy
(e.g. 08.00-18.00 hours).

Temperature - heating spaces to a set level e.g. 19°C.

Protection - turning the heating on to protect building fabric during
frost conditions.

The heating season generally is from October to May (approx. 36 weeks).
However, it may be necessary to operate the heating system outside this
period if cold weather persists or for heating air for ventilation or air-
conditioning systems.
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Temperature Control and Weather Compensation

A low-pressure hot water system (LPHW) provides heat to offices by
delivering hot water from the boilers to the office heat emitters (e.g. radiators,
convector heaters, and fan-heaters).

A 3-way mixing-valve and an external air temperature sensor control the
temperature of the LPHW to the heat emitters. This process is known as
weather ‘compensation’.

A typical weather compensator ‘slope’ graph is shown in Figure 11.1.
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Figure 11.1 - 80/20 compensator slope

For example, at 0°C outside air temperature, the hot water going to the
radiators will be 80°C. At 10°C outside air temperature, the temperature of the
water to the radiators will be 50°C. At 19°C outside air temperature the water
temperature required is 20°C and the heating system will have turned off.

Therefore as the outside temperature increases during the day the LPHW
temperature is adjusted downwards by the compensator control. During office
hours the radiator could then be hot to touch in the mornings and then warm
to lukewarm at lunchtime or in the afternoons. However, just because a
radiator is not warm to the touch does not mean there is a fault with the
heating. It could be that the space is at the right temperature and the heating
control or thermostatic radiator valve (TRV) has turned the radiator off. Check
the room temperature before reporting a fault.

September 2007
60



Often different parts of buildings are subject to varying heat gains arising from
solar radiation and internal gains from occupants, lighting and office
equipment. Solar gains affect different parts of the building at different times
of the day according to orientation. This results in different heating
requirements in various parts of the building. Internal temperature sensors
can be used to adjust the compensator slope to help allow for these gains.
This control strategy is known as compensator control with room influence.
The most effective solution is to zone the heating system to reflect the
differing heating requirements and occupancy regimes of different areas of
the building.

Optimum Start/Stop Control of a heating system

The heating controls will bring on the heating system, for example, at 05.30 to
provide the required level of heat for staff arriving in the morning (at the start
of the building’s programmed occupancy hours). The actual time the heating
comes on is calculated by the optimiser function using information such as the
internal and external temperatures overnight and the heating characteristics of
the building.

Therefore in the early morning hours the radiators could be emitting their full
temperature (75-80°C). When members of staff enter the building at the start
of programmed occupancy the radiators may be only warm, with a surface
temperature circa 45-60°C, as the amount of heat from the radiators is
adequate to keep the building at the required temperature (19°C). Staff
touching the radiators first thing in the morning will notice often that the
radiators are not hot to the touch and assume that there is not enough heat.
Use of a thermometer will show if the space is at temperature.

On mild afternoons the system may be optimised off a few hours before the
end of the working day thereby ensuring the heating is turned off as soon as
possible without causing discomfort to staff in the building. The optimiser will
only carry out this function if it calculates that the building will hold the
required set-point temperature to the end of programmed occupancy hours.
Again staff touching ‘lukewarm’ radiators often complain of no heat even
though the temperature of the space remains adequate. In situations where it
is possible to turn off the space heating early, a domestic hot water (DHW)
priority function will ensure hot water is available for washing etc until the end
of occupancy.
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Zoning of a heating system

To save energy and provide comfort the majority of buildings have their
heating system zoned. These heating zones can be individually controlled
with separate weather compensation and optimisation or have their heating
switched on or off using simple time control or a more sophisticated strategy
via wall-mounted internal temperature sensors located in some offices within
a particular zone (see Figure 11.2).

Figure 11.2 - Wall mounted internal temperature sensors

Once the average temperature from the zone sensors reaches 19°C the
control system will turn off the heating to that zone by closing a zone control
valve. If the zone temperature drops below 19°C the heating is switched on
again by opening the zone control valve. In practice there will normally be a
control band of 1 or 2 degrees between switching on and switching off.

Building Management Systems (BMS)

A large amount of the public sector estate in Northern Ireland has its heating
and/or ventilation systems controlled from a BMS. The BMS is operated from
a ‘dedicated’ PC terminal located generally in a main office. At this PC the
BMS operator can monitor and operate the building’s heating/ventilation
system (using the BMS graphics and text). The BMS text and graphics will
show the live information on the current state of the heating and/or ventilation
system. All room temperatures, water temperatures, valve positions, plant
status, plant failure etc will be shown.
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Any alarms originating from the heating and/or ventilating system will be
shown. For example alarms such as boiler ‘lock-out’, boiler ‘Hi-limit’, pump
trip, fan-failure etc will be highlighted for immediate action.

An example of a typical BMS heating system graphics screen is shown in
Figure 11.3. Information such as the outside air, water and room temperatures
and the status of boiler plant (on/off), pumps (on/off) and the main zone valve
positions (open/closed) are indicated.

Figure 11.3 - Typical BMS graphic screen
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Domestic Hot Water (DHW)

Traditionally the heating system provides DHW using hot water storage
cylinders or calorifiers. However, plate heat exchangers (a type of
instantaneous water heating device), sometimes used in combination with hot
water storage, are becoming more common. The boilers heat the water in or
passing through the cylinder or heat exchanger generally to a temperature of
60T at which temperature the risk from Legionella bacteria (the organism
responsible for Legionnaires’ Disease, a serious pneumonia-like respiratory
condition) is greatly reduced. In the event of the water being heated above
this temperature a ‘hi-limit’ thermostat will shut off the heating circuit to the
heat exchanger. If there is no demand for space heating, the control system
can switch the boilers off, although a DHW priority function will ensure that hot
water supplies are available in washrooms etc.

In the summer months immersion heaters, if fitted, may be used to heat the
DHW cylinder. This can be more cost effective than running the boilers on low
load and low efficiency. When a plate heat exchanger is installed the boilers
will usually run efficiently during the summer months.
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12. LIGHTING AND SMALL POWER EQUIPMENT

Introduction

Lighting is a major user of electricity in buildings. Savings in the lighting load
can be made by:

Switching off unwanted lights. Lights should be on only when
required and switched off when they are not

Use of presence detectors or photocells to switch lights on and off
automatically

Replacing existing lamps with energy efficient equivalents where
possible.

As part of the ongoing commitment to sustainability within the NICS, the Head
of the Civil Service has written to all Departments requesting that, at night
time, only absolutely essential lights should remain on in buildings. This
includes those lights necessary for security and cleaning; and in the latter
category, only for as long as cleaners are active in any particular area. This
request has been endorsed by Permanent Secretaries.

It is accepted that there will be locations and app lications where
security and other needs may override lighting cont rol for energy
efficiency purposes. Where such applications exist it is important to
ensure that the light sources and light fittings ar e the most efficient that
are suitable for the purpose.

For more information on energy saving lighting refer to the General
Information Report GIR 92 Energy Efficiency in Lighting — An Overview;
Good Practice Guides GPG 160 Electric Lighting Controls — a guide for
designers, installers and users; and GPG 300 The installer’'s guide to lighting
design available at the Carbon Trust web-site.
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Presence Detectors Switch Control

Where lighting is only required when areas are occupied, the lighting can be
controlled to operate only when a presence is detected. This can be achieved
by using infrared, acoustic or ultrasonic sensors that detect either movement
or sound in an area.

Presence detectors switch the lighting on when occupancy is detected and off
again when they fail to detect occupancy for a set time, and include a time
delay built into the system for short periods to ensure that lights stay on when
occupants may be quiet or still.

Photo-cell Control

If sufficient daylight is available to meet lighting requirements for a significant
part of the working day considerable energy savings can be made by
switching off the lights.

Presence detectors incorporating photocells with adjustable sensitivity may be
used to control lighting in those offices/areas where daylight levels are
sufficient.

Typical ceiling mounted lighting presence detectors are shown in Figure 12.1.

Figure 12.1 - Typical lighting presence detectors
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Small Power Equipment

The use of personal electric kettles for tea making should be discouraged. Not
only can they waste energy, there are also health and safety implications.
Many modern offices have more efficient electric water-boilers located in
kitchens/kitchenettes.

The use of unauthorised portable electric heaters s hould be prohibited.
Portable electric heaters are often used as short-term solution in poorly
heated areas though often they become permanent fixtures. In these cases
the root cause of the heating problem should be identified and if possible
addressed by other means.

Some of the disadvantages of using portable heaters are:
Health and Safety issues: trailing flex, heaters inadvertently left on

when the building is unoccupied (fire risk)

Increases the electrical load and could overload small power
circuits

Increased running cost and increased CO2 emissions

Heat from them can interfere with the LPHW room temperature
controls or sensors compounding the problem and even creating
heating problems in unrelated areas.
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13. COMPUTERS AND OTHER OFFICE EQUIPMENT

Overview

In the UK workplace there are over six million PCs and approximately two
million laser and inkjet printers. In addition there are photocopiers, fax
machines, vending machines and kettles. Office equipment is now second
only to heating as the major energy user in most office environments. The
amount of office equipment is doubling every few years and now accounts for
£300 million of energy each year in the UK.

Office equipment typically uses more than 20% of the total energy
consumption of some offices, and in some cases can be as high as 70%.

Energy costs for computers, fax machines, copiers, printers, vending
machines and other office equipment could be reduced by more than £100
million per year by adopting energy efficiency measures. The savings
increase to £150 million per year if reduced air-conditioning loads are
included.

Copiers

Printers
5%

7%

PC and
monitors
35%

Fax machines
2%

Other (including
vending
machines)
24%

Cooling
27%

Figure 13.1 - Office equipment energy use
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Cooling to remove waste heat produced by equipment is a significant factor.
Inefficient equipment not only uses more energy, it requires more energy to
cool the working environment. Building designers are aware of this but they
sometimes compound the problem by overestimating the heat emitted. The
result is over-specified air conditioning equipment running on low loads and at
low efficiencies.

When not in use all non-essential items of IT equipment (PCs, monitors,
printers, plotters, photocopiers) should be switched off . These items should
not be left on ‘standby’ overnight or at weekends. This is basic _good
housekeeping and staff should be _made aware of this .

Use of Equipment

Factors affecting consumption: The energy used in office equipment
depends not only on the efficiency of equipment but on the number of staff
working in the office, how often they are there, how much they use the
equipment and how the equipment is being operated.

Typical lengths of time that equipment is used per day -

Item Daily hours of use
Personal computers 4 hours per day
Printers 1-2 hours per day
Photocopiers 1-2 hours per day
Fax machines 20-30 minutes per day
Vending machines 8-10 hours per day

Switching off: End users should be encouraged to switch off equipment not
in use providing it is cost effective to do so — unless it might take too long to
bring equipment back into operation.

All equipment should be switched off at night and w eekends unless
there is specific reason not to do so
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Energy saving features: Most modern PCs and some other equipment such
as copiers have energy saving software built into them. A recent Government
survey of PCs in the UK discovered that of all PCs with energy saving devices
built-in, only 25% were actually activated. Assistance can be obtained from
instruction manuals or manufacturers on:

which equipment has such features;
the effectiveness of the level of stand-by reached;

how delays can usually be set at approximate levels; and

time taken to return to use from stand-by.

Most PC energy saving features apply to monitors which use more energy
than the processors. If the computer registers no activity for a pre-set time the
circuits in the screen begin to power down, one by one, until the screen is in
full sleep mode. The time delay can usually be set between three and 120
minutes. Energy use typically falls from 80W to less than 10W per monitor.
The image on the screen is reactivated at the touch of the mouse or a key.
Recovery time varies but usually is about one second. See table below:

Examples of average power loads and energy savings

achievable
Item Average power Stand-by energy Target recovery
consumption consumption times (seconds)
(watts) obtainable
(watts)

PCs 40 20-30 Almost immediate
Monitors 80 10-15 Almost immediate
Laser printers 90-130 20-30 30
Photocopiers 120-1000 30-150 30
Fax machines 30-40 10 Almost immediate
Vending 350-700 300 Can be almost
machines immediate
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PCs and Monitors — Running Costs

A typical PC (including monitor) left on for 24 hours each day can use £60 or
more of energy each year. Turning off at night and weekends will reduce the
bill to £15 a year. This amount can be reduced by a further £10 or more by
adopting simple energy management techniques.

In an office of 100 PCs, annual energy cost savings could be around £5,000
from the equipment alone, and £7,500 to £10,000 if they are sited in an air-
conditioned office.

Screens using thin film technology (TFT) use typically one third of the energy
a cathode ray version does and in this case the savings would be less.

Flat Screens

In recent years manufacturers have moved from cathode ray monitors to “flat”
screens. In fact it is not possible now to buy a new PC with a CRT type
monitor.

Benefits include:

Reduced energy consumption, e.g., from 127W to 40W for one type
of monitor

Zero emissions of electro-magnetic radiation

Less space required at desk level as they are smaller

Less screen flicker

Depending on the area and application, it may even be possible to make a
case for replacing existing CRT monitors with flat screens.

A Word about Screen Savers

Screen savers are not a low-power mode. Some reduce energy consumption
by 10W at best — often not at all — and sometimes actually increase
consumption. Some users mistake dark screen savers for low power modes.
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Purchasing Policy

An important first step in reducing energy consumption in office equipment is
to review the purchasing policy and specifications of machines.

Any organisation which regularly purchases or leases office equipment should
have a clear policy which:

sets objectives and targets for office equipment
makes clear the responsibilities of those using the equipment

describes the responsibilities of those who purchase office
equipment to ensure cost effective and energy efficient equipment
is procured.

Eco and Energy labelling

A simple way to identify environmentally preferable equipment is by choosing
equipment with one of the recognised labels for energy and environmental
performance. These labels consider the environmental impact during all
stages of a product’s life-cycle.

The most common is the Energy Star Scheme, available in the UK and
applicable to a wide range of office equipment.

Combined equipment

Combined printers, fax machines and copiers are now widely available. These
can make a significant impact on energy consumption as only one machine is
required instead of three, cutting energy consuming stand-by time. However,
average consumption and stand-by levels for the whole machine need to be
checked to ensure savings.
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Key Questions

1. Do we know which items of office equipment have energy saving
devices built in?

2. Are the devices activated?

3. Does everyone know who is responsible for switching off equipment
at the end of the working day?

OFFICE MYTHS

Start-up uses lots of energy -
insignificant relative to switch off saving

Turning off monitors is bad for them —
did you leave your TV on this morning?

Screen savers save energy —
most don’t, some increase energy use!

StSooooTeT
. SRS ST T
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14. WATER MANAGEMENT

Water Conservation

Water is often grouped with energy as a utility and is commonly included as
part of a comprehensive energy survey. Water costs should not be regarded
as an unavoidable overhead as there is much that can be done to reduce
water charges. The water industry has a relatively high energy use, so saving
water will also save energy.

Monitoring Consumption

Before undertaking measures to conserve water, it is essential that regular
readings of the water meter are taken, thus establishing a record of
consumption. Once an accurate trend of consumption has been established,
savings, wastage and leakage will be more easily identified and the necessary
action taken. After water has passed the meter it is vital that it is not wasted. If
a leak occurs and goes unnoticed, the costs can be high and ongoing!
Regular monitoring is vital to improve response to water consumption
fluctuations, as a stuck cistern or broken pipe can quickly run up water bills of
over £1,000.

Water Leaks

No system of pipes is perfect. Difficult soil conditions, changed ground
loading, and poor workmanship mean that a water pipe is often situated in a
hostile environment. Corrosion and leaking joints will lead to water leakage,
and in any system this could be between 5% and 50% of the water flowing
through those pipes. Monitoring is vital.

To check the integrity of the underground pipework, isolate the water supply
inside the building, making sure the isolation valve is fully closed, and then
check the meter. If the meter is registering a flow, then the chances are there
is a leakage between the meter and the point of entry. By timing the amount in
litres over a one-minute period, the financial loss can be easily calculated. All
water passing through the meter is the customer’s responsibility, and has to
be paid for. Any calculated losses can be claimed back in the form of a burst
allowance, or non-return to sewer, providing the water has gone to ground
and not to the drains.
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All leaks should be located and repaired as soon as possible, as they tend to
deteriorate, especially during the winter months, when a small leak can lead
to a major burst. If the losses are substantial, the burst allowance rebate will,
more often than not, pay for any repairs in full.

Meters with a pulse output can be connected to a remote metering data
collection system such as that operated by ESEU to determine usage profiles
and to assist early detection of leaks.

A flow rate of 1m*/hour is approximately equivalent to:

The flow from a %" garden hose
Filling a 9 litre bucket in 30 seconds
Half a pint a second

1 m? of water costs around 80 pence

Two drops a second from a dripping tap will be 9.5 m® a year — (about
£7.60/year) — a 5 mm stream would be 526 m®/year — (about £421/year)

Wastage

The following occurrences should be investigated and rectified immediately:

(1) Water discharging from overflow or vent pipes external to the
building.

(i) Taps (hot or cold) that drip or run when turned off.
(2 drops/second = 9.5 m®a year)

(iii) Leaks from pipework, valves or radiators on the heating system.

(iv) Any sudden increase in water consumption detected from water
meter readings.

The most important steps that can be taken to conserve water are to report
any wastage and to practise Good Housekeeping. When a water conservation
policy is implemented savings of at least 10% of water consumption and
associated costs can be expected.
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WATER CONSUMING EQUIPMENT

Showers

The installation of flow restrictive devices to shower heads will help to reduce
water consumption and have the added benefit that the DHW system will be
better able to cope with much greater hot water demands. The reduced flow
through the shower head will have the added benefit of increasing water
temperature reliability thus increasing safety margins.

Wash Hand Basins

The flow rate of water through wash hand basin taps is frequently excessive
for the needs of the user. Flow rates that are three times those required are
not unusual. The fitting of flow restrictive washers within existing taps would
save enough water to recover their installation costs within 1 year.

Urinals

Automatic drip feed urinal flushing systems waste a considerable amount of
water each year, by continuing to flush when premises are not in use,
particularly during the night and early morning. An approved flush control
device should be installed on the supply pipe of all urinal cisterns, preferably
linked back to the existing fan control, or other suitable control device.

Toilet Cisterns

Each time the average toilet is flushed some 13.5 litres (3 gallons) of water is
required. This can be reduced to approximately 9 litres (2 gallons) by fitting a
cistern dam to each toilet. The typical payback period for a cistern dam is
under six months.

Several devices are available which can be housed in a WC cistern to reduce
flush volume. One type of device promoted by Northern Ireland Water
(formerly the DRD Water Service) is the ‘Hippo’ plastic water bag. However,
care has to be exercised to ensure that the device is fitted correctly and its
operation is regularly checked. If a device is inappropriately fitted it can alter
the flush characteristics of the cistern/toilet bowl combination which may then
require multiple flushes, thus actually increasing water consumption.
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Catering Services

Kitchens have a bad reputation for wasting water but this need not be the
case if the basic concepts of Good Housekeeping are observed:

0] Turn off all taps when not in use.
(i) Do not defrost food using running hot water.
(i) Fill sinks for washing up rather than using running water.

The Envirowise publication GG522 Cost-effective water saving devices
and practices - for commercial sites is a useful guide. It can be obtained
from the Envirowise web site -  www.envirowise.gov.uk
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Appendix 1 : Engineering Services and Energy Unit

The services provided by Engineering Services and Energy Unit (ESEU) can
be divided into two main areas as below. The services listed can be provided
upon request.

ENGINEERING SERVICES

€) Operation of Building Energy Management Systems (BEMS) and
stand-alone heating, ventilating and air-conditioning (HVAC) controls,
including -
Management of energy consumption and building internal
environmental conditions within statutory limits and government
guidelines by operation of ESEU’s central BEMS systems

Management of energy consumption using ESEU’s Senior
Craftsmen (SCM) to manage stand-alone HVAC control systems.

(b) Planned Preventative Maintenance (PPM)

Providing clients with annual PPM estimates for BEMS, automatic
HVAC control systems, Utility metering and power factor correction

Implementing PPM programmes using ESEU’s SCM and approved
BEMS and specialist HVYAC controls contractors.

(c) Response Maintenance

Organisation of response maintenance using ESEU’s in house staff,
SCMs, approved BEMS and specialist HVAC controls contractors.

(d) Minor M&E Works and M&E Consultants.
Implementation minor M&E works following receipt of ‘Request for
Services 17A’, using approved M&E Consultants and Maintenance
Term contractors.

ENERGY UNIT

@) Energy Monitoring and Targeting (M&T)

Comprehensive monitoring and targeting of energy (electricity, oil,
gas and water) consumption for DFP, NICS and other public bodies

Data collection using the TEAM SIGMA HF and TEAM EA systems

and the bespoke software system developed for the new Public
Sector Energy Campaign (PSEC)
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Extension of the TEAM SIGMA HF system by providing an
Automatic Exception Reporting System (AERS) for reporting,
analysis, early warning

Tariff analysis and energy demand profiles.

(b) Energy Surveys and Audits

Identification and submission of bids for the Central Energy
Efficiency Fund for DFP, DARD and other NICS bodies

Implementation of energy saving works for both Central Energy
Efficiency Fund and Client Funds

Working with the Carbon Trust on implementation of surveys for
clients.

(c) Energy Related Advice
Advice on energy related matters including Renewable Energy
Technologies (Wind, Biomass, PV, Solar, etc) and Combined Heat
and Power (CHP).

(d) Electricity and Natural Gas Procurement
Provision of tenders, technical information and tender analysis in
connection with electricity procurement within the NI second tier
electricity market
Negotiation of natural gas supply contracts
Checking monthly electricity and gas bills for Stormont Estate.

(e) Energy Implementation Works — minor works

Implementation of energy saving minor works including renewable
energy, peak lopping and gas conversion programme

()  PSEC

Provision of data for DFP and other public bodies for the PSEC
report, Parliamentary Questions and general enquiries.

(9) EU Directive on the Energy Performance of Buildings

Development of metering strategies for buildings to meet the EU
Directive for DFP and other NICS Clients.
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For further information and advice, contact -

Engineering Services and Energy Unit
Properties Division

Room 1.01

River House

48 High Street

Belfast

BT1 2AW

Tel:  (028) 9054 7528
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Appendix 2 : Responsibilities of Departmental Ener gy
Managers

A Departmental Energy Manager’s responsibilities can be summarised as
follows:
Data collection - regular recording of fuel consumption and costs

Monitoring and Targeting (M&T) — examine consumption patterns to
identify scope for corrective action

Tariff analysis — examine electricity usage patterns to assist in selecting
the most suitable tariff

Identify energy saving measures in consultation with ESEU where
necessary

Commission energy surveys following consultation with ESEU where
necessary

Implementing the measures — ensuring that survey recommendations
are taken forward

Post project evaluation — taking follow-up action, to confirm effectiveness
and for future reference

Staff Awareness and Motivation — ensuring that all Departmental staff
are aware and remain aware of the need to save enerqy.

Help and advice on any of the above can be obtained from —

Energy Performance Unit Engineering Services and Energy Unit
Properties Division Properties Division

10" Floor 1% Floor

River House River House

High Street High Street

Belfast BT1 2AW Belfast BT1 2AW

Tel (028) 9051 8377 Tel (028) 9054 7528
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Appendix 3 : Good Housekeeping Measures

In most buildings it is possible to make some savin
possible. No financial investment is needed; instea
where equipment can be turned off when it is not ne
affecting the comfort of staff.

Some opportunities may be easy to identify and impl
such as turning lights off when rooms are not being
help is therefore important, although a longer term

an initial assessment of “good housekeeping” opport unities.

Lighting
Switch off if daylight is sufficient

Make the best use of daylight by keeping windows
and roof lights clean and by using working areas near
windows where possible

Make sure blinds and furniture do not prevent
maximum use of daylight

Only switch on lights needed for tasks in hand

Use only local task lighting if possible

Switch off lights when leaving room for more than 10
minutes

Switch off lights when leaving room at end of day
Use reduced lighting levels for cleaning, night-time

and security staff. Where fluorescent lighting is used it
may be possible to reduce the number of luminaires

Switch off exterior security lighting during daylight
hours

Hot Water

Turn off hot (and cold) taps

Report leaking or dripping taps

Report if water temperature from taps is excessive
Turn off electric water heaters when they are not
required

Office Equipment

Office equipment can typically account for up to 20%
of the energy used in offices. Good management of

office equipment can create worthwhile energy
savings.

Switch off electrical appliances, including computers,
printers and photocopiers, when not in use

Where possible, all equipment should be switched off
during lunch hours, at night and at weekends unless
specifically required, e.g., network servers, equipment
connected to outside line modems, etc.

Don't use high energy consuming equipment during
daily maximum demand period for electricity unless it
is essential to meet operational needs

used, may require the co-operation of staff. Motiv
task. The checklist below indicates the type of it

gs by using the existing building and equipment as efficiently as

d, a check on how the building is being used mayre  veal areas
eded, or where the level of service can be reduced  without
ement, such as altering thermostats or time switche s. Others,

ating staff to
ems to check in

Space Heating
Close windows and doors when heating is on

Don’t open windows while heating is on (turn heating
down instead)

Check that room thermostat is set to a minimum
consistent with comfort

Check heating controls (e.g., thermostatic radiator
valves) are at the correct setting

Don't use portable electric heaters (except as last
resort)

Don't place obstructions in front of radiators or
heaters

Switch off (non-automatic) extract fans when room is
unoccupied

Close blinds or curtains at end of daylight

Turn off (non-automatic) heating when room is
unoccupied

Report faulty door closers and window catches and
draught stripping

Report if room suffers from under or over-heating

Boiler Room Plant

Check controls are labelled to indicate function and
are set correctly

Check optimum start/stop controls and weather
compensation controls are set and work correctly

Check boiler sequencing controls are set correctly

Ensure time switches are set to minimum periods
consistent with requirements

Make sure fans and pumps run only when required

Consider changing to a cheaper source of fuel or
energy
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Appendix 4 : Conducting an Energy Walk-Round

Walk round your premises and, using the checklist
below, make a systematic visual inspection of each
room and circulation area in turn, noting down wher

repair or maintenance work is needed (to reduce
energy costs)

there is a need for capital investment (to improve
energy efficiency)

energy is being wasted (because good
housekeeping practices are not being followed.

Lighting
Check lamps, light fittings and reflectors are clean to
maximise light output

Ensure that shades and diffusers are translucent or
clear to maximise light output

Check that walls and ceilings are light coloured to
maximise reflected light

Replace 38 mm diameter fluorescent tubes (T12s)
with higher efficiency tubes (T8 or T5) where possible

Replace tungsten bulbs with more efficient compact
fluorescent lamps

Check both sides of windows and roof lights are clean
to maximise available daylight

Check that there are enough switches to avoid lighting
up large areas for individual members of staff

Fit task lighting and reduce overall lighting levels

Match lighting levels to requirements — avoid
excessive lighting in circulation areas

Check operation of automatic controls, such as timers
and daylight sensors

Install occupancy sensors in areas of intermittent use

Ensure external lighting uses high-efficiency light
sources

Hot Water

Test tap water temperature

Check hot water storage tanks and pipework are fully
insulated

Check whether localised hot water generators are
installed, to avoid long pipe runs

Check water storage temperature is correct

Remember to look both inside and outside your
building(s). Put each set of items in priority orde
your organisation has a rolling programme of
maintenance or refurbishment work, compare your
‘wish’ list with the one drawn up for the
accommodation you occupy.

After the walk-round, use these lists to identify
opportunities for investing in measures that will
reduce your consumption of energy. Divide these
opportunities into ‘no’, ‘low’ and ‘high’ cost meas
Decide which measures in the first 2 categories you
can fund out of any savings you make from good
housekeeping.

Space Heating
Check settings and operation of room thermostats
and humidistats

Check settings and operation of thermostatic
radiator valves

Ensure air filters in fan convector heaters are clean

Check time and temperature settings of electric
panel and storage heaters

Make sure air flow is unobstructed from heat
exchanger surfaces, grilles and vents

Check that plant operation and controls deliver
heating only where and when required

Ensure all motorised valves and dampers open and
close without sticking

Find out when heating controls were last calibrated

Find out when boiler combustion efficiency and flue
gas temperatures were last checked

Air-conditioning

Check temperature and time settings

Find out whether fans run only when needed
Check that cooling is not operating at the same time
as the heating

Building fabric

Check that roof voids are insulated to reduce heat
loss

Inspect state of repair of draught stripping around
doors and windows

Ensure self-closers to external doors function
properly

Consider replacing excessive glazing with insulated
panels

Building:

Date:

Actions required

1. Conduct energy walk-round

2. Complete checklist of repairs and maintenance

3. Identify opportunities for no-cost and low-cost measures
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Appendix 5 : The Energy Year Programme
Plan your energy management activities to fit in with the seasons.

SPRING SUMMER

Set heating systems to ensure that
overheating does not occur, including
ensuring radiators are cooler than in
winter

Check that the warm-up or pre-heat
period of your building is shorter than in
winter

As heat losses to outside are less,
ensure that the heating is turned off
earlier in the day

Reset time switches for British Summer
Time (but not solar or off-peak tariff)

AUTUMN

Check timers, including resetting at the
end of British Summer Time

Do not automatically turn on the heating
on 1 October; do so only when it is
required to keep the building warm

Once heating is switched on regularly,
check room temperatures are at the
minimum required for comfort but do not
overheat

Check that buildings are comfortable only
during the period of occupancy, not
before or after

Avoid the whole building being heated to
full comfort levels just for security staff, or
small 24x7 working areas

Generally inspect the external fabric of
the building — its walls, windows, doors
and roof looking for damage that could
result in heat loss

Check that loft insulation is in place and
to the current recommended thickness

Check that all external doors fit and close
properly and door closers, where fitted,
operate effectively

Plan a programme to ensure energy
efficient operation when days become
shorter and temperatures lower

Check building fabric and pipe insulation
and the condition of draught stripping to
doors and windows

Prepare a schedule of items needing repair
or maintenance before the autumn

Ensure boilers are serviced and pumps
checked

Clean fan convector filters

WINTER

Ensure that supplementary electric heaters
are not used, as they raise electricity bills
greatly

Where appropriate, label all light switches
to ensure that only necessary lights are
turned on

Check that security lighting comes on only
when it is almost dark

Ensure the buildings are heated and lit only
when, where and to the extent required.
This is particularly important during
weekends and holidays

Check that controls enable different
weekend settings

If the buildings will be unoccupied over a
holiday period, such as Christmas or New
Year, make sure that only minimum
services operate

Ensure heating system controls operate in
response to periods of mild weather

Ensure that cleaning staff only use the
minimum of lighting to work effectively and
for safe movement between work areas
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Appendix 6 : Who's Who

DFEP — Properties Division, Enerqgy Performance Unit

10™ Floor

River House

High Street

Belfast BT1 2AW

Tel: 028 9054 7631
Fax: 028 9051 8359

Facilitates and promotes the public sector energy campaign in Northern
Ireland and produces the annual PSEC report on public sector energy
consumption in Northern Ireland using consumption data returned by public
sector bodies. Also oversees administration of the Central Energy Efficiency
Fund.

DFEP - Properties Division, Engineering Services and Energy Unit (ESEU)

Room 1.01

River House

High Street

Belfast BT1 2AW

Tel: 028 9054 7528
Fax: 028 9054 7647

Provides energy related services to several Government Departments
comprising advice on general energy matters, monitoring and targeting,
energy surveys and implementation measures, building management systems
and HVAC controls including energy related maintenance. (For further detalils,
see Appendix 1.)

DETI Energy Branch

Department of Enterprise, Trade and Investment
Netherleigh

Massey Ave

Belfast BT4 2JP

Tel: 028 9052 9372

Fax: 028 9052 9549

Web: www.detni.gov.uk

Email: energy@detini.gov.uk

Has responsibility for government energy strategy and legislation in Northern
Ireland, regional energy action plan and, through OFREG and NIAUR,
regulating energy costs.
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Carbon Trust in Northern Ireland

Innovation Centre

Northern Ireland Science Park
Queen’s Road

Belfast BT3 9DT

Tel: 0289073 7910

Fax: 0289073 7911

Web: www.carbontrust.co.uk

The Carbon Trust is an independent company funded by Government. Its role
is to help the UK move to a low carbon economy by helping business and the
public sector reduce carbon emissions now and capture the commercial
opportunities of low carbon technologies. Its position, independent of business
and government, enables it to deliver cost effective carbon emission
reductions, provide analysis and insight to help drive the transition to a low
carbon economy and influence the climate change debate.

Enerqy Saving Trust

Enterprise House
55/59 Adelaide Street
Belfast

BT2 8FE

Tel: 028 9072 6006
Fax: 028 9023 9907

Working with the Housing Executive and local Energy Efficiency Advice

Centres to ensure that the Energy Efficiency campaign is as relevant as
possible to Northern Ireland.
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Appendix 7 : Useful Websites

INFORMATION AND ADVICE

WwWw.psecni.gov.uk

www.carbontrust.co.uk

www.actionrenewables.org

www.defra.gov.uk

www.dti.gov.uk

www.est.org.uk
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ENERGY SUPPLIERS

www.calorgas.ie

www.eshie.ie

www.firmusenergy.co.uk

www.nie.co.uk

www.phoenix-natural-gas.com

www.viridiangroup.co.uk
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Appendix 8 : Glossary of Terms

Term

Definition

BCR

Biomass

Calorific Value

Carbon emissions
trading scheme/carbon
trading

Carbon Trust

CCGT

Climate Change
Agreement

Benefit/Cost ratio — The ratio of the net present value
(see NPV below) to capital cost. Used to compare the
cost-effectiveness of different projects.

Biomass is anything derived from plant or animal
matter and includes agricultural, forestry
wastes/residues and energy crops. It can be used for
fuel directly by burning or extraction of combustible
oils.

The quantity of heat obtained by the complete
combustion of a unit of fuel.

A scheme in which greenhouse gas emissions are
controlled by setting a cap on total emissions and
allowing the market sector(s) to reach an
economically balanced response via trading of
emissions allowances. Allowances are allocated
initially, perhaps through a free distribution or through
an auction and the total allocation is adjusted
(capped) periodically.

An independent not-for-profit company set up by the
Government with support from business to encourage
and promote the development of low carbon
technologies. Key to this aim is its support for UK
businesses in reducing carbon emissions through
funding, supporting technological innovation and by
encouraging more efficient working practices.

Combined cycle gas turbine — an efficient type of gas
fired electricity generation plant.

An agreement between the Government and a
business user, whereby a reduced rate of Climate
Change Levy is payable in return for a commitment
by the user to achieve certain pre-determined targets
for energy usage or carbon emissions.
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Term

Definition

Climate Change Levy
(CCL)

Climate Change
Programme

CO2

Combined Heat and
Power (CHP)

Defra

Degree days

DEM

EPBD

Energy Saving Trust
(EST)

A levy applied to the energy use of all non-domestic
sectors. Subject to certain exemptions and reductions
to encourage energy efficiency.

Published in 2000, sets out the Government and
Devolved Administration strategic approach to
tackling Climate Change and meeting the UK’s Kyoto
target of a 12.5% reduction in greenhouse gas
emissions from 1990 levels by 2008-2012 and the
domestic goal of reducing CO2 emissions by 20% by
2010. The programme was updated in 2006.

Carbon dioxide (a greenhouse gas).

CHP is the simultaneous generation of usable heat
and power (usually electricity) in a single process,
thereby discarding less wasted heat.

Department for Environment, Food and Rural Affairs.

A measure of the variation of outside temperature,
enabling building operators to determine to what
extent energy use is influenced by the weather.

Departmental Energy Manager.

Directive 2002/91/EC on the Energy Performance of
Buildings. Aimed at improving performance and
building standards. It is being introduced in phases in
the UK.

The Energy Saving Trust is an independent not-for-
profit organisation, set up and largely funded by the
Government to manage a number of programmes to
improve energy efficiency, particularly in the domestic
sector.
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Term

Definition

Fuel cells

Greenhouse gases

GW

GWh

IPCC

kw

kWh

Kyoto Protocol

Liguefied Natural Gas
(LNG)

Liquefied Petroleum
Gas (LPG)

Fuel cells produce electricity from hydrogen and air,
with water as the only emission. Potential applications
include stationary power generation, transport
(replacing the internal combustion engine) and
portable power (replacing batteries in mobile phones).

Gases which contribute to global warming.
Gigawatt 1,000,000,000 Watts
1,000,000 kilowatt-hours

Gigawatt-hours

Intergovernmental Panel on Climate Change.

kilowatt 1,000 Watts (approx 1.3 horsepower)
kilowatt- number of kilowatts generated or used
hours in one hour

A Protocol to the UN Framework Convention on
Climate Change (UNFCCC) agreed in 1997.
Developed nations are required to cut overall
greenhouse gas emissions by an average of 5.2%
below 1990 levels over the period 2008-2012.

When natural gas is cooled to a temperature of
approximately - 160CT at atmospheric pressure it
condenses to a liquid called liquefied natural gas
(LNG). Natural gas is composed primarily of methane
(typically, at least 90%), but may also contain ethane,
propane and heavier hydrocarbons.

Gas usually propane or butane, derived from oil and
put under pressure so that it is in liquid form. Often
used to power portable cooking stoves or heaters and
to fuel some types of vehicle, e.g., some specially
adapted road vehicles and forklift trucks.
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Term Definition

Micro-CHP CHP (as above), but in very small scale, typically
below 5 kW electrical output, applications (e.g., in the
residential and commercial sectors). It is likely to
operate in place of a domestic central heating boiler.

MtC Million tonnes of Carbon.

MTOE Million tonnes of oil equivalent.

MW Mega Watt — a measure of power, one million watts.

MWh Mega Watt hour, one thousand kWh. A 1 MW power-
generating unit running for one hour produces 1 MWh
of electrical energy.

NFFO Non-Fossil Fuel Obligation.

NI-NFFO Northern Ireland Non-Fossil Fuel Obligation.

NIAUR The Northern Ireland Authority for Utility Regulation, a
regulatory authority which controls prices and
licensing conditions governing suppliers of electricity,
gas and water. See OFREG.

NPV Net Present Value — an expression of the cumulative
value of future costs and benefits (usually of a
scheme to improve the energy efficiency of a
building) when viewed from the present time.

OFREG The former Office for the Regulation of Electricity and

Photovoltaics (PV)

PSEC

Gas; now part of the Northern Ireland Authority for
Utility Regulation. See NIAUR.

The direct conversion of solar radiation into electricity
by the interaction of light with the electrons in a
semiconductor device or cell.

Public Sector Energy Campaign
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Term

Definition

REC

Renewable energy

Renewables Obligation

Renewables Obligation
Certificate (ROC)

Solar Energy

Wind Power

Regional Electricity Company.

Renewable energy includes solar power, wind, wave
and tide, and hydroelectricity. Solid renewable energy
sources consist of energy crops, other biomass,
wood, straw and waste, where gaseous renewables
consist of landfill gas and sewage waste.

The obligation placed on licensed electricity suppliers
to deliver a specified amount of their electricity from
eligible renewable sources.

Eligible renewables generators receive Renewable
Obligation Certificates (ROCs) for each MWh of
electricity generated. These certificates can then be
sold to suppliers. In order to fulfil their obligation,
suppliers can either present enough certificates to
cover the required percentage of their output, or they
can pay a ‘buyout’ price of £30 per MWh for any
shortfall. All proceeds from buyout payments are
recycled to suppliers in proportion to the number of
ROCs they present.

Solar radiation is the ultimate source of energy for
most renewable energy sources. The term “solar
energy” is usually taken to refer to those sources that
drive directly from the sun’s light and heat.

The most common renewable energy technology.
With a wind turbine, wind flows over the blades
creating a turning force on the rotor assembly which
can be used to generate electricity.
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