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Executive Summary

The Northern Limits project set out the following objectives:

• To quantify the flows of energy and materials into, out of and within the Northern 
Ireland economy

• To calculate the Resource Efficiency of the Northern Ireland economy
• To calculate the Ecological Footprint of Northern Ireland
• To compare the Resource Efficiency and Ecological Footprint of Northern Ireland with 

other regions
• To measure the Ecological Sustainability of Northern Ireland
• To model a number of Improvement Scenarios in terms of Ecological Sustainability
• To make recommendations on a Sustainable Development Strategy for Northern Ireland
• To assess data gaps and needs and make recommendations for improvements

The main findings of the project were:

• In 2001, Northern Ireland had a population of 1,685,267
• In 2001, the people of Northern Ireland consumed 60,741 GigaWatt (GWh) hours of 

energy which produced 11,574,295 tonnes of Carbon Dioxide
• 7,005,990 tonnes of municipal, commercial and industrial waste was produced
• 92.6% of municipal waste was landfilled and 7.4% was recycled, reused or composted
• Northern Ireland residents travelled 17.5 billion passenger kilometres in 2001, of which 

76% was by car
• The Resource Efficiency of the Northern Ireland economy was 65%
• The Ecological Footprint of Northern Ireland residents was 5.63 gha. This compares with 

the UK average of 6.3 gha per person
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Chapter 1 The Project Context

Northern Ireland
Northern Ireland is approximately 5,500 square miles in
area. It is geographically positioned on the western edge
of the British Isles with 232 miles of coastline. Six
counties make up Northern Ireland: Antrim, Armagh,
Down, Fermanagh, Londonderry and Tyrone. Belfast,
situated in County Antrim is the capital city of Northern
Ireland. There are four other cities in Northern Ireland:
Armagh, Lisburn, Londonderry, and Newry.

Northern Ireland currently has a population of 1,685,267.
The population tends to be mainly located in the Belfast
Metropolitan Area and its hinterland, or spread across a
large number of smaller towns and villages, with a
significant urban concentration focused on Derry in the
north west of the province.  

The Northern Ireland Assembly was established in 1999.
It is the prime source of authority for all devolved
responsibilities and has full legislative and executive
authority. The Assembly was formed as part of the Good
Friday Agreement. The Assembly consists of 108
members, six from each of the 18 constituencies in
Northern Ireland.  

Northern Ireland is divided into 26 local government
districts, each district with its own Local Authority. Belfast
City Council is the largest of these in Northern Ireland,
serving a population of approximately 284,400 people.

Northern Ireland accounts for 2.2% of the total UK gross
domestic product (GDP). Between 1989 and 1999, real
GDP per head increased by 20.8 % in Northern Ireland
compared with 16.5% for the UK as a whole. Average
gross weekly earnings are lower than in other parts of
the UK. In 1997, average gross weekly earnings in
Northern Ireland were £319.70 compared to £372.20 in
England. Unemployment is now at historically low levels,
the current unemployment rate of 5.2% is 2.9
percentage points below the EU average. At March 2003,
there were an estimated 668,190 employee jobs in
Northern Ireland – the highest figure on record. In the
period April – June 2003, unemployment in Northern
Ireland stood at 40,000 or 5.2% (seasonally adjusted) of
the economically active population. Northern Ireland’s
unemployment rate is currently lower than rates in
London (7.1%), the North East (6.0%), the West
Midlands (5.6%) and Scotland (5.5%).

Manufacturing output in Northern Ireland has increased
by 9.1% over the past five years, which is a faster rate of
growth than that of the UK as a whole. Between 1997
and 1998, Northern Ireland output increased by 2.3%,
which compares to an increase of 0.2% for the UK as a
whole. Industrial production in Northern Ireland increased
in the five years between 1991 and 1996 by nearly 17%,
whilst the rest of the UK increased by only 11.7%. The
agriculture industry in Northern Ireland employs some
60,000 people and exports 60% of its produce.
Agriculture amounts to 4.5% of the GDP in Northern

Ireland as opposed to 2% in the UK. There is a significant
imbalance in the industrial development between the
areas east and west of the River Bann. The east of the
Bann tends to be largely industrialised, while the west
remains more agriculturally based. More people in
Northern Ireland are employed in the services,
manufacturing and health and social work sectors than
any other. Fishing is also an important industry in
Northern Ireland, particularly in areas such as counties
Antrim and Down. 

What is Sustainable Development?
The 1970s and 1980s saw a growing recognition that
traditional patterns of economic development were
leading to conflicts with the carrying capacity of the
planet, in terms of population growth, pollution and
consumption of resources. This culminated in 1987 with
the establishment of the World Commission on
Environment and Development chaired by the Prime
Minister of Norway, Mrs Gro Harlem Bruntland, which 
published the report 'Our Common Future’, The 
Commission set out the following definition of 
sustainable development:

“Humanity has the ability to make development 
sustainable – development that meets the needs of the
present without compromising the ability of 
future generations to meet their own needs.”

The Bruntland definition, as it is now known, has become
widely adopted as the ‘de-facto’ definition of sustainable
development. The report of the Commission was
followed by the Earth Summit in Rio de Janeiro, at which
the leaders of the world’s countries committed
themselves to the goal of sustainable development. In
September 2002, this was followed by the World Summit
on Sustainable Development. One of the outcomes of
this Summit was agreement on a ten year 
framework of programmes on sustainable consumption
and production, which is discussed below.

Sustainable Development in the 
European Union
In April 2001, the European Commission published a
proposal ‘A Sustainable Europe for a Better World: A
European Union Strategy for Sustainable Development’,
which was adopted by the Commission on 15 May 2001.
This document sets out the European Union’s policies on
sustainable development. This was followed in September
2002 by ‘Our Future, Our Choice’, the 6th Environmental
Action Programme (EAP) of the European Community. 

The Programme 
The new programme identifies four environmental areas
to be tackled for improvements:

•  Climate change 
•  Nature and biodiversity 
•  Environment and health and quality of life
•  Natural resources and waste 
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Seven Thematic Strategies 
Thematic Strategies are one component of the actions
foreseen within the 6th EAP. This concept was introduced
as a specific way to tackle seven key environmental
issues, which are identified as requiring a holistic
approach because of: 

•  Their complexity 
•  The diversity of actors concerned 
•  The need to find multiple and innovative solutions

The Seven Thematic Strategies will be developed 
according to a common approach independently of the
specific content requirements relating to their subject
matter – Soil protection; Protection and conservation of
the marine environment; Sustainable use of pesticides;
Air pollution; Urban environment; Waste recycling, and
Sustainable use and management of resources. 

Thematic Strategy on Sustainable Use and 
Management of Resources
The common position adopted in September 2001 set
out the following as the objective of the thematic
strategy on the sustainable use and management of
resources:

“Ensuring that the consumption of resources and their
associated impacts do not exceed the carrying capacity of
the environment and breaking the linkages between
economic growth and resource use.”

The reasons for this are clear. For every resource which
our economies consume, whether that be non-renewable
resources, energy or water, we find a clear link between
economic growth and growth in the consumption of
these resources. Clearly, within a finite system, continued
economic growth cannot be maintained unless the link
between that growth and increasing resource
consumption can be broken – this is known as
decoupling.

The common position on the 6th EAP sets out the 
following requirements:

•  An estimate of materials and waste streams in the  
Community…..by using the instrument of 
material flow analysis

•  A review of the efficiency of policy measures and the 
impact of subsidies relating to natural 
resources and waste

• Establishment of goals and targets for resource 
efficiency…..decoupling the link between economic 
growth and negative environmental impacts

• Promotion of extraction and production 
methods and techniques to encourage         
eco-efficiency

• Development and implementation of a broad 
range of instruments including research, technology 
transfer, market-based and economic 
instruments, programmes of best practice and 
indicators of resource efficiency

Actions Currently Being Taken by the 
Commission
The Commission is currently undertaking research and
consultations as part of the development of the strategy
on Sustainable Use of Resources, actions to date include:

• Expert workshop 13 July 2001
• Publication of study by COWI, ‘Analysis of Selected 

Concepts on Resource Management’. A Study to 
Support the Development of a Thematic Strategy on 
the Sustainable Use of Resources. March 2002

• Expert workshop 11 October 2001
• Member States and Accession Countries meeting 21 

March 2002
• Stakeholder meeting 10 April 2002
• Stakeholder meeting 14 November 2003

Sustainable Development in the UK
The UK Government set out its policies on sustainable
development in ‘A better quality of life. A Strategy for
Sustainable Development for the United Kingdom’. This
strategy identifies the following objectives:
• Social progress which recognises the needs of 

everyone
• Effective protection of the environment
• Prudent use of natural resources 
• Maintenance of high and stable levels of economic 

growth and employment

The objectives set out in the Strategy were underpinned
by guiding principles, which are set out below:

• Putting people at the centre
• Taking a long-term perspective
• Taking account of costs and benefits
• Creating an open and supportive economic system
• Combating poverty and social exclusion
• Respecting environmental limits
• The precautionary principle
• Using scientific knowledge
• Transparency, information, participation and access to 

justice
• Making the polluter pay

Sustainable Development in Northern Ireland
In May 2002 the Department of the Environment (NI)
published a discussion document on proposals for a
Sustainable Development Strategy for Northern Ireland.
The discussion document ‘Promoting Sustainable Living’
follows objectives and the underpinning guiding
principles set out in ‘A better quality of life’.

The discussion document refers to a number of existing
and developing strategic policies which reflect sustainable
development principles, including The ‘Growing a Green
Economy’ Strategy which promotes sustainable economic
development through more efficient business 
practices, waste minimisation, and energy resource 
efficiencies.

The document also commits the Department to
publishing a document on a possible set of indicators for
Northern Ireland, and a consultation draft was published
in April 2003.  
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Sustainable Development and the
Consumption of Resources
As the political debate around sustainable development
has progressed, the problems have appeared to become
more complex and it could be argued that we have lost
sight of the fundamental issues. The debate began with
the realisation that ever-increasing economic growth and
the related consumption of resources could not be
sustained and that the world was running up against 
ecological limits in terms of the carrying capacity of the
planet. Indeed, a major factor in igniting the debate was
the publication of a report titled ‘The Limits to Growth’.
This set out the five major trends of global concern:

•  Accelerating industrialisation
• Rapid population growth
• Widespread malnutrition
• Depletion of non-renewable resources
• A deteriorating environment

The linkages between the consumption of resources,
population growth and industrialisation/technological
development and how this relates to our impact on the
global environment have been set out in the IPAT model, 
originally proposed by Erlich et al:

Impact = Population x Affluence 
x Technology

This can be simplified in a way which highlights the role
of consumption in ‘magnifying’ our impacts on the
environment:

Impact = Population x Consumption

The recognition of the vital element played by resource
consumption in ‘magnifying’ the effects of population
growth is summed up by Erlich:

“Not only don't we have a population policy. We don't
have a consumption policy either. We are the most
overpopulated country in the world. It’s not the number
of people. It’s their consumption.”

This has led to the development of ‘management rules’,
derived to define the resource basis of a sustainable
economy:

1. The use of renewable resources should not 
exceed their renewal and/or regeneration rates

2. The use of non-renewable resources should not 
exceed the rate at which substitutes are developed 
(should be limited to levels at which they can either be
replaced by physically or functionally equivalent 
renewable resources or at which consumption can be 
offset by increasing the productivity of renewable or 
non-renewable resources)

3. Outputs of substances to the environment (pollution) 
should not exceed the assimilative capacity of 
environmental media (‘absorption capacities’)

In the UK, this developing consensus has culminated in

the production of the UK Government Framework for
Sustainable Consumption and Production.

Changing Patterns – UK Government
Framework for Sustainable Consumption and
Production
Published in September 2003, ‘Changing Patterns’ marks
a return to the ‘core values’ of sustainable development,
by recognising the central role played by consumption of
resources. The report reinforces the message that, within
a finite ecosystem, the production of waste and pollution
and the consumption of natural resources cannot be
maintained unless we can decouple economic growth
from environmental degradation: 

“Future prosperity – at home and abroad – depends on
decoupling economic growth from environmental
degradation. There are limits to the capacity of the Earth
to absorb pollution and provide natural resources. This
means getting more from less; more consumer needs
fulfilled using less energy or water; more value added to
a product with less pollution and waste in the process.”

The report sets out the following policy objectives:
• ‘Decoupling’ economic growth and environmental 

degradation
• Focusing policy on the most important environmental 

impacts associated with the use of particular resources,
rather than on the total level of all resource use

• Increasing the productivity of material and energy use, 
as part of the broader Government commitment to 
increase the productivity of the nation

• Encouraging and enabling active and informed 
individual and corporate consumers who practice more
sustainable consumption

The report sets out the rationales for the policies 
as follows:

Global rationale
Environmental rationale
Economic rationale

This is part of a growing consensus that the goal of
sustainable development is not just the right thing to do,
from an environmental and social perspective, but makes
sound economic sense and stems from the recognition
that traditionally there has been a ‘silo’ mentality with
limited contact between economic and environmental
policy. The debate is now maturing into one which
recognises that the future lies in resource-efficient, 
knowledge-based societies with high levels of social
cohesion and quality of life. In effect, there has been a
convergence in the thinking of environmental NGOs,
businesses and politicians which recognises that the goals
of sustainable development represent ‘enlightened self
interest’ for all modern industrial societies. The 
development of this debate is represented in 
Figure 1.1 as the ‘converging domains’ of sustainability,
(from McClaren et al).

 



Northern Limits a resource flow analysis and ecological footprint for Northern Ireland    04

Figure 1.1: The Converging Domains of Sustainability
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The opportunities presented by this convergence have
been described by Leadbeater as follows:

“The two most powerful forces shaping the character of
the 21st century post-industrial economy are the new,
innovation-driven economy and environmentalism. They
should be brought together.”

There is a growing recognition that sustainable 
development needs to be removed from the ‘ghetto’ of

environmentalism and given its rightful place at the heart
of economic development. The opportunities presented
by this convergence are described in the DTI Sustainable
Development Strategy, which states:

“Improving resource productivity is an overriding priority.”

The strategy sets out opportunities for ‘new kinds of
consumption’, which are shown in Table 1.1.

The convergence of the new economy and environmentalism could lead to far-reaching changes in our patterns of

consumption. There are four main ingredients to the new consumer culture that could emerge:

• Greater emphasis on the services provided to consumers rather than physical goods

• Production of more goods with less energy and material per unit of output

• New, entirely intangible products, eg virtual music formats like MP3

• Greater information for consumer choice on basis of values and ethics

Table 1.1: New Kinds of Consumption

This convergence is laying the foundation of a 
post-industrial economy, in which the pressure for change
being imposed on traditional industries by globalisation,
has led to a realisation that the economic and
environmental agendas are calling for similar
transformations.

In effect, in a world of accelerating globalisation, 
increasing population and increasing consumption, 

resource-efficient, knowledge-based societies will be the
ones best equipped to meet the changes that lie ahead.
In essence, we need to take the next step from a ‘new
consumption’ to create a ‘new vocabulary’, which
communicates opportunities rather than problems and
outlines the benefits in economic, social and
environmental terms.

Old New

Sustainability Opportunities

Waste Minimisation New Products

Pollution Control New Markets

Energy Efficiency Cost Reduction

Environment Wealth Creation 

Regulation Flexibility

Table 1.2: A New Vocabulary

Indeed, the goal has been acknowledged by the 
Commission of the European Communities in its most
recent review of environmental policy, which states:

“Addressing in a balanced manner potential trade-offs
between economic and environmental objectives can
bring forth “win-win” solutions and enhance sustainable
development. Higher environmental standards can also
generate new economic opportunities, notably in

fostering the development of new technologies. This can 
contribute to the core Lisbon objective of making the EU
the locus of innovative activity and a knowledge-based
society by 2010”.

Challenges and Opportunities
This section began with the ‘Bruntland’ definition of
sustainable development. The line that is usually omitted
from the quotation is the opening sentence. “Humanity
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has the ability to make development sustainable.”

The reductions in resource consumption identified as
necessary to achieve sustainable development may seem
daunting, but many of the technologies already exist to
achieve significant resource efficiencies and many more
opportunities will be presented by emerging
technologies.

These developments are categorised by the resource
efficiency savings achieved within each, some examples
of which are set out below:

Factor Four
Inspired by the resource challenges identified by the Club
of Rome in the ‘Limits to Growth’, the Factor Four
concept is based on the quadrupling of resource
productivity using existing technological knowledge, also
referred to as ‘doubling wealth – halving resource use’.

The concept is based on a report to the Club of Rome
which featured 50 examples for quadrupling resource
productivity, all based on existing technologies.

Factor Ten
Often associated with Factor Four is Factor Ten – a 
concept based on projections of the resource efficiencies
achievable with new and emerging technologies, such as
solar/hydrogen based economies and Internet
Communication Technologies.  

Once the opportunities and benefits of transforming our
economies have been recognised, then we move to the
issue of how we measure and manage these
transformations. That is, what contribution can Materials
Flow Analysis and Ecological Footprinting make to the
development and implementation of policies, which can 
transform Northern Ireland into a resource efficient,
sustainable society?
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Chapter 2 Principles and
Methodologies  – Mass Balance 
Analysis and Ecological Footprinting

Introduction
Once we have established the prime importance of the
impacts of the consumption of physical resources in the
context of sustainable development, then methods need
to be developed to measure and manage the movements
of these resources through our economies.

Most countries measure the economic performance of
their economies through systems of economic accounts,
with related indicators such as gross domestic product
(GDP), which provide information on growth and
consumption in economic or financial terms.

The growing recognition of the need for similar 
measurement and management systems for materials
and resources has led to developments at European,
National and Regional levels. The benefits to be gained
from these measurement and management systems have
been set out in the report of the Biffaward Programme of
Mass Balance Studies (the ‘Purple Book’):

• Encouraging the adoption of standard classifications in 
environmental statistics, which extends the value and 
relevance of existing environmental information

• Bringing a new dimension to environmental statistics 
by applying the accounting traditions linking stocks 
and flows and meaningful balancing items

• Providing a link with the economic information 
contained within the traditional economic accounts, 
leading to improvements in the reliability and 
coherence of both sets of information

• Identifying use and ownership and hence responsibility 
for environmental impacts

• Encouraging the development of comprehensive 
and consistent data sets over time

• Encouraging businesses to benchmark their
performance against their peers

The authors go on to describe the purpose of mass 
balance studies:

“Mass balance studies are intended to track the flow of
particular products or material geographically or
economically ie locate where they are spatially and in
what industries or industrial sectors they reside.”

The theoretical basis of the approach combines systems
thinking with the mass balance principle of the
conservation of matter, derived from the first law of
thermodynamics – put simply, this means that ‘What
goes in, must come out’. The Economy/Environment
System, is illustrated in Figure 2.1.

Figure 2.1: The Economy/Environment System

Society/EconomyMaterials
Energy

Materials
Energy

ENVIRONMENT
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basis the systematic examination of local, regional and
global materials and energy uses and flows in products,
processes, industrial sectors and economies. It focuses on
the potential role of industry in reducing environmental
burdens throughout the product life cycle, from the 
extraction of raw materials, to the production of goods,
to the use of those goods and to the management of the
resulting wastes. The field encompasses:

• Material and Energy Flow Studies ('Industrial 
Metabolism')

• Dematerialisation and Decarbonisation
• Technological Change and the Environment
• Life-Cycle Planning, Design and Assessment
• Design for the Environment
• Extended Producer Responsibility ('Product

Stewardship')
• Eco-Industrial Parks ('Industrial Symbiosis')
• Product-Oriented Environmental Policy
• Eco-Efficiency

Figure 2.2 sets out the flow of materials through a 
geographical or economic unit, which forms the basis of
the mass balance approach.

This approach forms the basis of the economy-wide
material flow accounts and derived indicators adopted by
EuroStat, Statistical Office of the European Communities,
which describes the concept as follows:

“For a given system such as production or 
consumption processes, companies, regions or 
national economies, the material balance principle
leads to the following identity:

total inputs = total outputs + net
accumulation”

Meaning that what goes into the system is either 
accumulated in the system or is leaving the system again
as an output.

This has led to the emergence of the concept of
Industrial Metabolism, with the material flows associated
with the human activities of raw materials extraction,
material and energy use for production and consumption,
recycling and final disposal being the ‘bridge’ between
these activities. This approach is just one component of 
the emerging field of Industrial Ecology, which has as its

Figure 2.2: Flow of Materials Through a Geographical or Economic Unit
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In other words, the purpose of the mass balance 
component of this programme is to measure the flow of
resources through Northern Ireland, both geographically

and by industrial sector. The purple book sets out the
framework for this analysis by geographical region and
industrial sector, and these are set out below.

Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

United Kingdom Northern Ireland Northern Ireland Northern Ireland Northern Ireland Local Authorities

Great Britain Scotland Scotland Scotland

England & Wales Wales Wales

England North East

North West

Yorkshire and 

Humber

East Midlands

West Midlands

East

London

South East

South West               

Table 2.1: Geographical Classification System

Industrial Sectors

Agriculture, hunting and forestry

Fishing

Mining and quarrying

Manufacturing

Electricity, gas and water supply

Construction

Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods

Hotels and restaurants

Transport, storage and communication

Financial intermediation

Real estate, renting and business activities

Public administration and defence

Education

Health and social work

Other community, social and personal service activities

Private households

Extra-territorial organisation and bodies

Table 2.2: Industrial Sector Classification System

The strengths of the mass balance approach immediately
become apparent, as we see that the methodology can
be used to measure resource flows both through
countries and regions, and through industries at both
national and regional levels. This in turn allows the
calculation of a range of indicators relating to resource
consumption, such as Resource Efficiency (RE), Direct
Material Input (DMI) and Total Material Requirement
(TMR) (See Chapter 3).

Resource flow analysis or mass balance studies 
have been carried out recently at European, National and
Regional levels and the methodology is increasingly
recognised as an essential tool for progressing towards
sustainable development. Examples of these studies
include:

Global
The Weight of Nations: Material Outflows from
Industrial Economies (2000) 
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European
Total Material Requirement of the European Union (2001) 

National
Total Material Resource Flows of the United Kingdom
(2001)
Resource use and efficiency of the UK economy (2002)

Regional
Total Material Requirement of the Basque Country (2002) 

As such, we can see a growing body of work, which
demonstrates the value of mass balance or material flow
analysis in terms of resource management and
sustainable development.

However, while MB or MFA provides very valuable 
information which contributes to our understanding of
the material throughput of our economies, Ecological
Footprinting can add further value to the process. The
distinction between the methodologies can be set out 
as follows:

Material Flow Analysis:
a quantification of material flows within an economy;

Ecological Footprint:
an analysis of material impacts as they relate to the
consumption of residents. This footprint can be further
compared against sustainability assumptions.

Therefore, while MFA quantifies the flows, the 
ecological footprint sets these flows in the context of
sustainability and provides a measure of the 
ecological pressure associated with these flows. In other
words, the ecological footprinting approach adds value to
and complements the MFA approach by setting the
resource consumption into a sustainability context and
communicating this information in a way that is easily
understood by decision makers and the general public.

Ecological Footprint Analysis (EFA)
The EFA is one of what has been described as the ‘family
of indicators’. It adds value to and complements the MFA
process by providing not only a measure of flows but also
a measure of the sustainability of these flows. It has been
described by Best Foot Forward 
as follows:

“In essence, the ecological footprint is a simple
accounting tool that adds up human impacts (or use of
ecological services) in a way that is consistent with
thermodynamics and ecological principles”.

Developed in the early 1990s by William Rees and Mathis
Wackernagel, ecological footprinting has risen to
prominence as an indicator of environmental
sustainability, and has been applied at Global, European,
National and Regional levels. In addition, the footprint
has been adopted as an indicator for the European
Common Indicators Programme and by the National
Assembly of Wales, while the Scottish Executive has
employed footprinting in a range of policy areas. 

There is a growing body of ecological footprint projects

which are either completed, in progress or planned.
Examples of these include:

Global
Living Planet Report. World-Wide Fund for Nature (2002)
(Living Planet reports were also published in 2000 
and 1999)

National
An Ecological Footprint of the UK: Providing a Tool to
Measure the Sustainability of Local Authorities 
(September 2003)

Regional
Island State. An Ecological Footprint Analysis of the Isle of
Wight (2000)
Best Foot Forward, Biffaward

The Footprint of Wales (2002)
World-Wide Fund for Nature Cymru

City Limits. A Resource Flow Analysis and
Ecological Footprint of Greater London
(2002)
Chartered Institute of Waste Management, Best 
Foot Forward.

Taking Stock. South East Mass Balance 
and Ecological Footprint Project (2003)
`South East England Development Agency, 
Biffaward.

In addition, a Resource Flow Analysis and Ecological
Footprint programme is currently underway for Scotland
and due for completion in February 2004.

Case Study

A Model of Regional Material Flow Accounting
Regional and Welsh Appraisal of Resource
Productivity & Development (REWARD)
The Environment Agency, working with a number of
Regional Development Authorities (RDAs) in England and
Wales, is developing a regional environment/economy
quantitative tool that could be used by both regional
policy makers and regional stakeholders.

The REWARD project takes the field of resource flow
analysis to the next stage by developing a computer
model for material and energy flows – the Regional
Environment-Economy Input-Output Model, known 
as REEIO.

The programme involves the Welsh Assembly and most
of the regional development agencies in England and
represents an example of the ‘convergence’ between
economic development and environment referred to in
Chapter 1. The research programme focuses on the
question of ‘regional resource productivity’, with the
heart of the programme being the use of the REEIO
model to inform regional policy development and
decision making. The scope of the REEIO model is shown
in Figure 2.3.
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Figure 2.3: Scope of the REEIO Model
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Conclusions – Evidence-Based Decision Making
The results presented in this report go to the heart of
decision-making for sustainable development. Without
measurement methodologies such as resource flow
analysis and ecological footprinting, our assumptions on
the impacts of our economic activities will remain just 
that – assumptions. Modelling and measurement provide
evidence on where within our economies the major
impacts are and this allows us to develop policies based
on this evidence, and consequently, to manage the step
changes required to progress towards a more sustainable
society. The benefits of resource flow analysis and
material flow accounts are described by the World 
Resources Institute as follows:

“Comprehensive, integrated physical accounts, covering
the entire material cycle, permit the formulation of
environmental and economic policy based on the big
picture. Such an approach allows us to pinpoint where
flows of a harmful material are concentrated, where they
originate, and where they end up. It also helps to identify
which activities or products are primarily responsible for 
these flows and to devise interventions, which 
stand the best chance of being environmentally 
effective and economically efficient.”

The objective of the programme is to combine the 
resource productivity research and the REEIO model to
create an integrated toolkit to inform policy and decision
making. As such the REWARD programme provides an
example of the evidence-based approach to decision-
making which forms the core of the philosophy which
underpins this report.

One of the benefits of the project is a comprehensive
database of regional, economic and environmental data,
including baselines, trends and projections which can be
linked to other systems of regional indicators and
performance benchmarks.  
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Chapter 3 Resource Flow Analysis      

Introduction
The resource flow analysis of Northern Ireland has 
estimated the flow of resources through Northern Ireland
for the following areas:

• Material Flows
•  Product Flows
• Food Flows
• Waste
• Water
• Emissions to Air

What the RFA represents, is a complete materials flow
analysis of Northern Ireland, based on the mass balance
principles and systems thinking described in Chapter 2.
The results of the Resource Flow Analysis of Northern
Ireland are set in Figure 3.1.

Where
• Materials are: unfinished goods produced from 

natural raw materials such as minerals, crops and fossil
fuels

• Products are: materials in their final processed form, 
created by the combination of two or more different 

materials. Products can be defined as intermediate 
(where further processing or incorporation into is 
required before being sold to the consumer) or final 
(where no further processing is required and can be 
sold to the consumer in its current form)

• Imports are: products and materials flowing into the 
Northern Ireland economy

• Exports are: products and materials flowing out of 
the Northern Ireland economy

• Production is: the quantity (tonnes) of new 
material (minerals, metals, timber etc) extracted from 
Northern Ireland

• Net Addition to Stock is: the quantity of new 
materials added to the economy’s stock each year 
(gross additions) used in buildings and other 
infrastructure and materials incorporated into new 
durable goods, such as cars, industrial machinery, and 
household appliances

• Waste is: the quantity of materials and products sent 
to final disposal (usually landfill), where there is no 
form of recovery

Methodology: Details on how the RFA was calculated are
given in the RFA Methodology chapter in Appendix 1 

Figure 3.1: The Resource Flow and Mass Balance for Northern Ireland 2001

Northern Ireland
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Material Flows
In 2001 Northern Ireland consumed 18.3 million tonnes
of materials. These materials were either consumed
directly, for example vegetables to a local market, or used
in the manufacture of a product, for example sand for
cement. Table 3.1 provides a breakdown of Northern
Ireland material flows for 2001.

In terms of significance, the agricultural sector consumed
the most materials at 10.8 million tonnes followed by the
mining and quarrying sector consuming 4.3 million
tonnes. ‘Mining and quarrying’ has proved a more
complex area in terms of material flow analysis. The
figure of 4.4 million tonnes produced in Northern Ireland

was derived from the proxying of UK data. In contrast 
to other areas examples of proxying carried out for this
study, Northern Ireland specific data was available. The
decision to omit this in the Northern Ireland specific data
was taken to avoid a distorted Ecological Footprint value.
The mining and quarrying figures are set out in the 
Vignette ‘Mining and Quarrying in Northern Ireland 26,
21 or 4.3?’.

Description Production Exports Imports Consumption

Total Materials 15,233,766 880,344 3,935,297 18,288,719

of which

Agriculture 10,511,607 303,140 554,851 10,763,318

Forestry 346,943 3,212 59,673 403,404

Fishing 32,764 13,509 4,742 23,997

Coal, Lignite, Peat Extraction 0 0 2,353,892 2,353,892

Oil & Gas Extraction 0 0 139,558 139,558

Metal Ores Extraction 125,500 33,945 184,963 276,519

Other Mining & Quarrying 4,216,952 526,539 637,618 4,328,031

Sources: Department of Agriculture & Rural Development (DARD) Northern Ireland Forest Service, Forestry Commission, UK Minerals

Yearbook,DETINI

Table 3.1: Material Flows Through Northern Ireland in 2001 (tonnes)

Double Counting 
One question that is often asked is; why is industry not
included in the material flows section, when a sector
such as agriculture is? The decision to categorise by
material flow and product is to avoid the ‘double
counting demon’ whereby a material, say clay for bricks,

is counted as an immediate product for sale, then is
double counted when it is manufactured/converted into
a final product, ie bricks. The issue of double counting is
addressed in detail in the Resource Flow Analysis
methodology section in Appendix I.

Vignette
Mining and Quarrying In Northern Ireland 26,21 or 4.3?

The data collection for mining and quarrying materials in Northern Ireland has generated a range of results, which
raise some intriguing questions.

The results are as follows:
26.2 million tonnes reported in the Annual Minerals Statement for the Department of Enterprise, Trade and
Investment. The data is collected by county and for calendar year and the underlying survey asks about the amount
of minerals excavated (as opposed to sold)

21 million tonnes reported by the HM Customs and Excise, published in October 2003. This study is based on
2003 data and records statistical information on sales of aggregate from authorised quarries in Northern Ireland

4.3 million tonnes derived by Envirocentre based on data extracted from UK Minerals Yearbook 2002 proxied to
the Northern Ireland level on a per capita basis
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Product Flows Through Northern Ireland
Northern Ireland consumed 11.9 million tonnes of 
manufactured products. The ‘Non-metallic mineral
products’ ‘food and beverages’ and the ‘coke and 

refined petroleum’ sectors consumed the most materials,
with approximately 5.3, 2.5 and 2 million respectively.
Non-metallic mineral products include products such as
cement, bricks and glass.

cont’d Mining and Quarrying In Northern Ireland 26,21 or 4.3?

Implications
The estimates for mining and quarrying materials generated in Northern Ireland from both the HMCE and DETI
would result in Northern Ireland having a much greater per capita generation of these materials than other regions
of the UK, in fact, the difference is quite startling.

UK mining and quarrying materials generation is approximately 147 million tones, which works out at 2.53 tonnes
per person per year (ie 147 divided by the UK population of 58 million)

Taking the HMCE figure of 21 million tones for Northern Ireland results in a figure of 13.1 tonnes per person per
year – five times the UK average.

There could be a variety of explanations for this, for example, the figures could be calculated using different
methodologies. However, it is difficult to see how this could account for such a wide disparity in the figures. For
methodological reasons, the Resource Flow Analysis and Ecological Footprint of Northern Ireland has used the
proxied figure of 4.3 million tonnes. The purpose of the Vignette is to flag this issue up as one which requires
clarification and/or further research.

Product Production Exports Imports Consumption

Total Products 8,614,518 2,884,256 6,132,470 11,862,732

Food & beverages 2,151,420 172,337 494,747 2,473,830

Tobacco 4,414 5,912 13,116 11,619

Textiles products 38,187 8,856 40,525 69,856

Leather clothing, wearing apparel & fur 19,803 15,569 49,997 54,231

Leather luggage, handbags etc 322 3,205 10,196 7,313

Wood & cork products 210,647 11,452 37,107 236,302

Paper pulp & paper products 155,772 11,693 24,057 168,136

Publishing, printing & recorded media 39,297 5,765 9,554 43,086

Coke, refined petroleum products & nuclear fuel 0 0 1,979,495 1,979,495

Chemicals & chemical products 19,873 5,955 6,147 20,064

Rubber & plastic product 97,186 38,939 54,428 112,676

Non-metallic mineral products 5,258,687 108,775 145,893 5,295,804

Basic metals 536 382 659 814

Fabricated metal products 74,902 31,146 51,386 95,142

Machinery equipment 246,075 1,699,883 1,344,293 -109,516

Office machinery & computers 3,360 76,626 837,846 764,581

Other electrical machinery & equipment 10,546 24,193 487,125 473,478

Radio, television & communications 26,067 551,605 378,259 -147,279

Medical instruments, watches & clocks 25,311 14,296 41,460 52,476

Motor vehicles, trailers & semi-trailers 60,360 31,006 75,133 104,487

Other transport equipment 97,190 57,842 11,722 51,070

Furniture & miscellaneous manufactured products 74,561 8,818 39,324 105,067

Sources: ONS 2001, DETINI  

Note: Negative values indicate where Northern Ireland exports more than it produces and consumes.

Table 3.2: Product Flows Through Northern Ireland in 2001 (tonnes)
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Food Flows
The consumption of food in Northern Ireland in 2001
was approximately 2.5 million tonnes as indicated in
Table 3.2, (this includes food consumed by Northern
Ireland residents, tourists, animals and waste which arises
from the food manufacturing process).  

The Northern Ireland National Food Survey shows 
that the total food consumed by Northern Ireland 
residents both at home and eating out was 1.1 
million tonnes (Table 3.3). Milk, followed by soft 
drinks and potatoes were the highest consumption 
categories, at 201,558 tonnes, 158,267 tonnes 
and 126,899 tonnes respectively.

Consumption (tonnes)

Total Food Consumed 1,117,046

Domestic Eating Out

992,553 124,493

of which

Milk 201,558* *

Cream 701* *

Cheese 6,397* *

Meat 8827

of which

Beef & veal 17,089* *

Mutton & lamb 2,717* *

Pork 5,784* *

Bacon & ham uncooked 8,500* *

Poultry 19,367* *

Other meat products 36,894* *

Fish 8,676* 2002

Eggs 9,914* *

Fats & oils 20,506* *

Sugar & preserves 12,795* *

Potatoes 126,894 9737

Other vegetable 77,555 5551

Fruit 69,406 1729

Bread 74,927 1092

Other cereals 68,442 91

Tea 2,980 *

Coffee 964 *

Other beverages 263 31761

Soft Drinks 158,267 26482

Alcoholic Drinks 20,594 36038

Confectionary 4,469 1183

Miscellaneous 36,894 *

*Equivalent category in the eating out data is not available

Sources: DARD 2000, DEFRA 2000

Table 3.3: Food Consumption by Northern Ireland Residents in 2001 (tonnes)

Food Waste
Total food waste generated in Northern Ireland in 2001
was 421,171 tonnes, of which 278,602 tonnes was

organic putrescibles and 141,570 tonnes food packaging
(see Table 3.6). Table 3.4 summarises the food flows
through Northern Ireland in 2001.
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Food Flow

Total Food

Production 2,151,420

Imports 494,747

Exports 172,337

Estimated Consumption 2,473,830

of which

Consumption by Northern Ireland Residents. 1,117,046

Consumption by tourists/ animals 935,613

Waste 421,171

Sources: DARDNI, MEL Research 2002, EnviroCentre, ONS 2002

Table 3.4: Food Flows through Northern Ireland 2001 (tonnes)

The Eco-Efficiency of Materials in Northern Ireland

The term 'eco-efficiency' was coined by the World Business Council for Sustainable Development
(WBCSD) in its 1992 publication 'Changing Course'. It is based on the concept of creating more goods and
services while using fewer resources and creating less waste and pollution.

The WBCSD describes eco-efficiency as a ‘vision for the production of economically valuable goods and services
while reducing the ecological impacts of production. In other words eco-efficiency means producing more with
less’.

According to the WBCSD, critical aspects of eco-efficiency are:

•  A reduction in the material intensity of goods or services
•  A reduction in the energy intensity of goods or services
•  Reduced dispersion of toxic materials
•  Improved recyclability
•  Maximum use of renewable resources
•  Greater durability of products
•  Increased service intensity of goods and services

Eco-efficiency 
An eco-efficiency value can be derived for Northern Ireland by comparing the amount of resources that remained
within the economy or were consumed as goods in relation to the total resource consumed.

Eco-efficiency calculation for Northern Ireland  

Resources remaining in the community =       Resources Consumed - Waste =       20,269,832 - 7,005,990
Resources consumed Resources consumed 20,269,832 

Northern Ireland’s eco-efficiency is calculated to be 65%

This eco-efficiency figure of 65% indicates that of all the materials consumed in Northern Ireland in 2001, less than
a third was consumed as food or remained within the economy, while the remainder was discarded as waste. 

By comparison the eco-efficiency of the UK was found to 51.7%, Scotland 79%, London 46.7% and the Isle of
Wight 75.8% (Table 3.5).

Source: http://www.bsdglobal.com/tools/bt_eco_eff.asp
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Waste
In 2001, Northern Ireland generated just over seven
million tonnes of waste, an equivalent of four tonnes per
capita, of which:

• 3.1 million tonnes was generated by the 
Industrial sectors

• 2.9 million tonnes generated by the commercial 
sector

• 1.1 million tonnes of municipal waste of which 
0.9 million tonnes was solely household waste

The largest contributor to waste arisings in Northern
Ireland in 2001 was the mining and quarrying sector

accounting for 42% of total waste produced, followed
by the construction sector, accounting for 34%. 

In terms of waste components, other than those arising
from mining, quarrying and construction, food made the
largest contribution to the total tonnage of waste
produced in Northern Ireland at 421,000 tonnes.
‘General commercial’ and ‘general industrial’ were the
second and third largest components (336,000 tonnes
and 234,000 tonnes respectively) followed by ‘other
general and biodegradable’ (234,000 tonnes) and ‘paper
and card’ (223,000). A detailed breakdown of waste
generated in Northern Ireland by type and sector is
provided in Table 3.6.

Region Eco-Efficiency

Northern Ireland 65%

Scotland 79%

London 46.7%

Isle of Wight 75.8%

Source: Best Foot Forward

Table 3.5: A Comparison of Eco-Efficiency by Region

Waste Type Total Waste Sector

Municipal Commercial Industrial

Total Waste 7,00,5990 1,056,298 2,86,7803 3,081,889

of which

Metals & scrap equipment 39,499 7,299 14,937 17,263

Food 421,171 253,627 109,642 57,902

Of which organic food waste 278,602 164,857 55,843 57,902

Of which food packaging waste 142,570 88,769 53,801 0

Green waste 148,709 148,709 0 0

Glass 8,103 912 5,066 2,124

Textiles 13,594 12,773 370 451

Plastics 45,415 32,844 9,868 2,703

Paper & card 223,740 152,359 66,008 5,374

General commercial 336,770 134,732 202,038 0

General industrial 343,870 0 0 343,870

Other general & biodegradeable 234,087 218,824 12,068 3,195

Contaminated general 1,857,946 0 1,857,683 264

Healthcare risk 5,021 0 5,000 22

Mineral waste & residue 2,612,363 0 0 2,612,363

Chemical & other 17,220 0 0 17,220

Packaging 195,653 84,847 91,722 19,084

Construction & demolition 433,058 0 433,058 0

Used tyres 7,650 0 7,650 0

End-of-life vehicles (ELVs) 27,296 0 27,296 0

Electronic & electrical equipment (WEEE) 13,594 7,415 6,179 0

Healthcare waste 15,970 912 15,058 0

Batteries 4,643 912 3,699 32

Oils/solvents/PCBS 617 134 462 22

Sources: EHS 2002, MEL Research 2002, EnviroCentre 2002, NI 2000, Kirk, McClure & Morton Marcus Hodge Ltd, Symonds, Environment Agency,

DEFRA, Enviros, North West Region Waste Management Group.

Table 3.6: Waste Generated in Northern Ireland by Type and Sector in 2001 (tonnes)
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Waste Management in Northern Ireland
The majority of waste generated in Northern Ireland in
2001 was sent for disposal (4.8 million tonnes). The
mining and quarrying sector accounts for 2.9 million
tonnes of this waste (Table 3.9), followed by the
construction sector, depositing 0.5 million tonnes. 

In 2001, 2 million tonnes of the waste produced was
recycled, the largest contributor was the commercial
sector, recycling 1.95 million tonnes, accounting for 27%

of total waste produced. The construction industry
accounted for 1.8 million tonnes (Table 3.8).

The industrial sector recorded the lowest recycling figure
of 35,000 tonnes.

A breakdown of the industrial sectors and the waste 
management methods employed is detailed in tables 3.8
and 3.9.

Total Landfill Incinerated/ Reused/ Composted Other

Generated Burned Recycled

Total Waste 7,005,990 1,870,118 119,900 2,032,274 37,367 2,968,075

Municipal 1,056,298 978,255 0 40,676 37,367 0

Commercial 2,867,803 766,205 111,200 1,956,798 0 33,600

Industrial 3,081,888 103,913 8,700 34,800 0 2,934,475

*Other includes spread onto/injected into land

Sources: EHS 2002, MEL Research 2002, EnviroCentre 2002, NI 2000, Kirk, McClure & Morton, Marcus Hodge Ltd, Symonds, Environment Agency,

DEFRA, Enviros, North West Region Waste Management Group.

Table 3.7: Waste Generated in Northern Ireland, by Sector and Management Method in 2001 
(tonnes) 

Total Landfill Reuse/ Incinerated/ Spread onto Other Composted

Generated Recycled Burned /injected

into land

Total Waste 2,867,803 766,205 1,956,798 111,200 200 33,400 0

Construction 2,347,103 563,305 1,783,798 0 0 0 0

Sale, maintenance motor vehicles 18,100 2,900 7,400 7,800 0 0 0

Wholesale trade 25,900 4,800 19,100 1,700 100 200 0

Retail trade 79,300 33,300 32,900 13,100 0 0 0

Hotel & restaurant 45,900 9,800 33,100 3,000 0 0 0

Land transport 12,400 100 100 0 0 12,200 0

Water & air transport 7,500 3,400 3,400 600 100 0 0

Post & telecomms 10,100 2,600 7,000 500 0 0 0

Financial intermediation 16,500 4,100 4,700 7,700 0 0 0

Real estate, renting 14,000 2,000 10,400 1,600 0 0 0

Research & development 2,200 600 0 300 0 1,300 0

Other business activity 39,700 14,200 15,100 10,400 0 0 0

Public administration 59,600 31,100 9,500 19,000 0 0 0

Education 65,300 25,200 13,600 26,500 0 0 0

Health & social work 95,500 54,300 8,700 12,800 0 19,700 0

Social, cultural activities 28,700 14,500 8,000 6,200 0 0 0

Sources: EHS 2002, MEL Research 2002, EnviroCentre 2002, NI 2000, Kirk, McClure & Morton, MarcuS Hodge Ltd, Symonds, Environment Agency,

DEFRA, Enviros, North West Region Waste Management Group.

Table 3.8: Commercial Waste Generated in Northern Ireland by Sector and Management Method 
in 2001 (tonnes)
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Agricultural Waste
Agricultural waste generated in Northern Ireland in 2001
was 16 million tonnes. Farm yard manure and slurry
accounted for 98% of the waste produced, with 11.5
and 4.2 million tonnes respectively, with reuse of these
wastes normally being around 100%. Silage effluent was

the next largest component with 280,000 tonnes and
household waste with 32,000 tonnes. An analysis of the
agricultural waste produced in Northern Ireland is
detailed in Table 3.10.

Total Landfill Reuse/ Incinerated/ Spread onto Other Composted

Generated Recycled Burned /injected

into land

Agriculture 55,413 55,413 0 0 * 0 0

Fishing 242 0 0 0 0 242 0

Mining & quarrying 2,912,333 0 0 0 0 2,912,333 0

Food & beverages & tobacco 21,300 8,100 3,000 1,900 8,300 0 0

Textiles products 8,600 4,700 3,900 0 0 0 0

Clothes, leather & leather products 6,800 3,500 1,200 2,100 0 0 0

Wood, paper and products 6,100 1,800 2,800 700 0 800 0

Publishing, printing & 

recorded media 5,700 3,000 2,500 200 0 0 0

Chemicals & chemical products 3,200 1,000 2,000 200 0 0 0

Rubber & plastic product 7,100 5,600 900 600 0 0 0

Non-metallic metal products 6,000 5,600 300 100 0 0 00

Basic metals & fabricated metal 

products 7,800 2,700 4,300 800 0 0 0

Machinery & equipment 6,800 2,600 4,200 0 0 0 0

Electrical & optical equipment 12,300 5,200 6,600 200 0 300 0

Motor vehicles, trailers etc 10,900 2,800 700 1,100 0 6,300 0

Furniture & miscellaneous products 4,800 1,900 2,400 500 0 0 0

Recycling, electricity, gas, water, 

sewage, waste 6,500 0 0 300 6,200 0 0

Sources: EHS 2002, MEL Research 2002, EnviroCentre 2002, NI 2000, Kirk, McClure & Morton, MarcusHodge Ltd, Symonds, Environment Agency,

DEFRA, Enviros, North West Region Waste Management Group.

Table 3.9: Industrial Waste Generated in Northern Ireland by Sector and Management Method
in 2001 (tonnes)
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Waste Arising Tonnes

Total Tonnage 16,095,154

of which

Crop Residues

Silage effluent 280,189

Straw (not baled & removed) 8,984

Vegetable waste 2,041

Livestock Waste (housed livestock)

Farmyard manure (solids) 11,563,709

Slurry (liquid) 4,163,240

Packaging & Films (plastics)

Agrochemical Containers 28

Silage wrap, bags & cover sheet 8,359

Bale  twine & net wrap 652

Fertiliser & seed bags (+ pallet covers) 821

Animal feed bags (+ pallet covers) 1,702

Horticulture (mulch film & crop covers) 0

Animal health containers 68

Tree guards 192

Packaging  & Films 

(paper & cardboard)

Seed bags 40

Feed bags 1,769

Agrochemical packaging 19

Animal health packaging 23

Packaging & Films (glass & rubber)

Animal health glass 68

Animal health rubber 1

Chemical Wastes

Biocide washings 5,074

Sheep dip – organophosphates (OPs) 1,234

Sheep dip – synthetic pyrethroids (SPs) 580

Oil 3,894

Machine Waste

Vehicles & machinery (metal) *

Tyres (rubber) *

Other Waste

Fallen livestock (animals & fowls) 10,794

Milk (over quota or contaminated) 9,427

Household waste (farmhouse) 32,244

Sources: EnviroCentre, Marcus Hodge Ltd , DARD

Note: figures may not add up due to rounding

Table 3.10: Agricultural Waste Estimate for Northern Ireland, by type in 2001 (tonnes)
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Hidden Flows
A hidden flow is the natural resource use that occurs
when providing those commodities that enter the
economy, the hidden flows being those materials or
waste that do not enter the financial economy. Hidden
flows occur at the harvesting or extraction stage of the
material cycle. The hidden material comprises ancillary
flows and excavated and/or disturbed flows. Ancillary
material flow refers to the material which must be
removed from the natural environment to access the
required materials. An example of this is the portion of
an ore that is processed and discarded to concentrate the
ore. Excavated and/or disturbed material flow refers to
material moved or disturbed to obtain a natural resource,
such as the soil erosion from agriculture or the removal
of topsoil to access ore deposits.

It has not been possible to obtain hidden flow data for
the Northern Limits project, due to time and resource
restraints and this reduces the range of analysis that can
be carried out as part of the Resource Flow Analysis.

A specific example of this would be the calculation of
Total Material Requirement (TMR), a material flow
indicator which has been calculated at a wide range of

scales from global, to European Union, the United
Kingdom and the Basque Region. The methodology for
the calculation of TMR is set out below.

Total Material Requirement and Direct 
Material Input

Total Material Requirement
The Total Material Requirement (TMR) refers to the sum
of the total material input and the hidden or indirect
material flows. It measures the total material basis of the
economy and includes all domestic and imported natural
resources. The TMR quantifies the flow of materials and
can be combined with the application of other
methodologies such as Life Cycle Analysis to measure the
environmental impact of these flows.The procedures for
the calculation of TMR are set out below. It has not been
possible to calculate the TMR of Northern Ireland because
of a lack of data on hidden flows, however, should the
hidden flow data become available, this indicator can be
generated at a later date. A detailed discussion of TMR
and hidden flows is contained in Appendix I ‘RFA
Methodology’. The procedures for the calculation of TMR
are set out in figure 3.2 below.

Total Material
Requirement (TMR)

Domestic Material
Input (DMI)

Indirect flows associated
with imports

Indirect flows associated
with domestic extraction

=   + +

Domestic Material
Input (DMI)

Used domestic
extraction

Imports=   +

Direct Material Input
Although it was not possible to calculate the TMR, it was
possible to determine the Direct Material Input (DMI) for
Northern Ireland. The procedures for the calculation of
DMI are set out above. The DMI measures the input of
materials directly used by the economy that is, all the
materials that form part of products or are used in
production and consumption activities. DMI equals used
extraction in Northern Ireland (including that which is
used in or contained in the production of exports) plus
imports. The calculation and results are as follows:

DMI =  15,233,766 + 3,935,297 + 6,132,470
tonnes
DMI =  25,301,533 tonnes for 2001

* The water element has been omitted from this
calculation.

Water Consumption
In 2001 Northern Ireland consumed 261,185 litres, of
which 37% was lost through leakage.

The breakdown of water consumption is set out in 
Table 3.11

Figure 3.2: Procedure for Calculating TMR
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Megalitres

Total Consumption 261,185

of which

Household measured 4,380

Household unmeasured 79,205

Measured non-household 52,925

Non-household unmeasured 16,790

Operational use 6,205

Private water abstraction 3,860

Leakage 97,820

Sources: Ferguson McIlveen LLP, May 2002, EHS 2003, Water Service 2003               

Table 3.11: Water Consumed in Northern Ireland in 2001 (Megalitres)

Emissions to Air
In 2001, Northern Ireland generated 15,296,116 tonnes

of emissions to air, of which 15,000,000 tonnes was
carbon dioxide.

Air Emission Emissions

Total 15,296,116

1,3-Butadiene 177

Benzene 894

Carbon Monoxide 157,000

PM10 11,000

HCl 2,000

NH3 33,000

NOx 31,000

SO2 23,000

VOC 38,000

Arsenic 3

Cadmium 0

Chromium 1

CO2 15,000,000

Copper 2

Mercury 0

Nickel 7

Lead 15

Selenium 1

Vanadium 13

Zinc 3

Sources: Goodwin et al. 2001 & 2002 and Salway et al, 2001

Table 3.12: Northern Ireland Emissions to Air (2001)

Data Components of the Ecological Footprint
This section relates to data which was not required for
the RFA but which was employed in The Ecological
Footprint calculations.

Energy
In 2001, Northern Ireland consumed 60,741 GWh 
of energy. It currently meets most of its energy 
requirements for homes, transport and industry via 
combustion of fossil fuels. Petroleum and coal are 
the primary sources of energy, with 22,016 GWh 

and 19,076 GWh respectively. Neither are produced
within the region, and as such, Northern Ireland is
dependent on imported coal and oil for its energy needs
and primarily dependent on both for its electricity
generation. 

The domestic sub sector was the largest in terms of the
delivered energy consumption with 12,387 GWh, the
dependence on solid fuels, old housing stock and lower
standards for building regulations relative to the rest of
the UK are all contributing factors.
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Energy Source Consumed (MWh) Consumed (GWh)

Total Renewable Energy 115,000 115

Hydro 12,913 13

Wind 100,089 100

Biomass 1,998 2

Source: NIE

Table 3.14: Renewable Energy Produced and Consumed in Northern Ireland in 2001

Passenger Transport
Northern Ireland residents travelled 20 billion passenger
kilometres in 2001. Car travel was the most frequent

Renewable Energy
Renewable energy produced in Northern Ireland in 2001
was 115GWh, accounting for 0.2% of the total energy

consumed. The largest source of renewable energy is
wind and it is envisaged that this element has the largest
potential for the future. 

Energy Type Consumption(MWh) Consumption (GWh)

Total Energy 60,741,407 60,741

Gas 11,999,209 11,999

of which

Domestic 639,950 640

Commercial/Industrial 11,359,259 11,359

Electricity (inc. renewable 7,650,000 7,650

grid energy)

of which

Renewable 115,000 115

Non–renewable 7,535,000 7,535

of which

Domestic 2,907,000 2,907

Industrial 2,295,000 2,295

Commercial 1,071,000 1,071

Transport 76,500 77

Agriculture 306,000 306

Public Administration 535,500 536

Public Lighting 153,000 153

other (not specified) 306,000 306

Petroleum 2,201,5671 22,016

of which

Domestic 4,042,077 4,042

Industrial/Commercial 6,347,118 6,347

Transport 9,304 9

Public buildings 1,195,451 1,195

Miscellaneous 1,127,202 1,127

Solid Fuel (Coal) 19,076,527 19,076

of which

Domestic 4,797,641 4,798

Industrial 1,083,338 1,083

Electricity 13,195,548 1,3196

Sources: Northern Ireland Electricity 2003, DETINI, Energy Saving Trust, Phoenix Natural Gas

Table 3.13: Direct Energy Consumed in Northern Ireland by Energy Type in 2001

mode of travel followed by air and coach/bus, with 13
billion, three billion and one billion passenger km
travelled respectively.
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Conclusions
The resource flow analysis provides a snapshot of the
flow of materials and energy through the Northern
Ireland economy in 2001. As such, it allows the
categorisation and measurement of these flows in a
variety of ways (by industry, land use, etc), allowing the
identification of ‘big hitters’ in terms of resource
consumption. 

The data collected for the RFA should enable the
calculation of the Total Materials Requirement (TMR) for
Northern Ireland, which would allow comparison with
TMR calculations carried out for the European Union,

the UK and the Basque Region. The Office of National
Statistics has generated the hidden flow data required to
carry out this calculation and this is an area which is
addressed in the conclusions and recommendations.

The results of the RFA have many other applications
which can contribute to measuring and managing actions
on resource efficiency and the compatibility of the results
with other regional material flow accounting projects
such as REWARD creates many opportunities for
collaboration, co-operation and further development.

Land Cover Hectare

Total Area 1,412,000

Total Inland Water 64,000

Total Land Area 1,348,000

of which

Suburban/continuous urban 175,240

Semi natural grass/mown grass 1,024,480

Tilled land 53,920

Deciduous woodland 80,880

Other land 13,480

Source: DEFRA

Table 3.16: Land Use in Northern Ireland in 2001

Land Use
Land use data for Northern Ireland is based on estimates
taken from the Agricultural Censuses carried out by the
Department of Agriculture and Rural Development
(DARD). Information on the area of forest and woodland
is provided by the Northern Ireland Forest Service, an
agency of DARD. Data covers both private and state-
owned land. There is no comparable source of
information on the amount of urban land in Northern
Ireland, and the figures for the ‘Urban land and land not 
otherwise specified’ are derived by subtracting the 

area of land used for agriculture and forestry from the
total land area. The figures include land under non-
agricultural semi-natural environments, such as sand
dunes, grouse moors and grassland which is not
farmland. It also includes land used for transportation,
recreation, residential and other urban uses. Table 3.16
has been adapted from the data compiled by DEFRA.

A Land Use Database is currently being developed by 
the DRD.

Transport Mode Pass – km

Total Passenger Transport 20,201,052,957

Walk 395,966,627

Bicycle 51,529,903

Car 13,264,881,996

Motorcycle 54,242,004

Bus/coach 1,125,521,576

Taxi 197,983,313

Railway 143,741,310

Other private 935,674,563

Sea 67,802,505

Air 3,963,709,161

Table 3.15: Passenger Transport in Northern Ireland by Mode in 2001

Sources: DETINI



25    Northern Limits a resource flow analysis and ecological footprint for Northern Ireland

Chapter 4 Ecological Footprint Analysis

Introduction
This chapter presents the ecological footprint results for
Northern Ireland undertaken for the year 2001 (data is
presented per annum).

Methodology 
Details on how the ecological footprint was calculated
(and conversion factors) are given in the Ecological
Footprint Methodology in Appendix II.

What is an Ecological Footprint?
The ecological footprint is a sustainability indicator, which
expresses the relationship between humans and the
natural environment. The ecological footprint accounts
for the use of natural resources by a region's population.
It is a ‘snapshot’ measure and typically refers to average
annual consumption.  

An Indicator of Sustainability
To indicate environmental sustainability, the ecological
footprint (demand) is compared with the global
availability of resources (supply). Results are usually
presented on a per capita basis using a standardised unit
of area – the global hectare (gha). The average amount
of resources available per capita is known as the
‘earthshare’. To calculate an earthshare, the total
available land and sea area resources of the planet are
divided equally among the current global population. It is
estimated that the current earthshare is 1.90 gha. 

The Ecological Footprint of Northern Ireland
Residents

In 2001, Northern Ireland residents’ ecological 
footprint was 
9,489,914 gha or 5.63 gha
per capita.

That is, the average resident would require an area of just
over 51/2 world average hectares to sustainably support
themselves. 

The ecological footprint of Northern Ireland residents can
be broken down into components for further analysis.
The components analysed in this ecological footprint are:

• Direct energy
• Materials and waste
• Food
• Personal transport
• Water
• Built land

This breakdown enables a better understanding of which
aspects of consumption have the largest and/or least
impact on the environment. Components with the largest
contribution to the total ecological footprint are referred
to as 'big hitters'.  

Table 4.1 and Figure 4.1 show a breakdown of 
Northern Ireland residents’ ecological footprint, by 
component in 2001. 'Materials and waste' was the most
significant component, with a per capita footprint of
2.39 gha (or 43% of the total ecological footprint). 
Food was the second largest component, with a per
capita footprint of 1.51 gha (or 27% of the total
ecological footprint).

Component Ecological footprint Per capita footprint % of total 

(gha) (gha) footprint

Total Ecological Footprint 9,489,914 5.63 100%

of which

Domestic energy 1,114,526 0.66 12%

Services energy 443,396 0.26 5%

Materials and waste 4,034,062 2.39 43%

Food 2,540,034 1.51 27%

Personal transport 856,224 0.51 9%

Water 18,377 0.01 <1%

Built land 483,295 0.29 5%

Note: Totals may not add up due to rounding.

Table 4.1: The Ecological Footprint of Northern Ireland Residents, by Component in 2001
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Figure 4.1: The Ecological Footprint of Northern Ireland Residents, by Component in 2001
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Area Type Ecological footprint Per capita footprint % of total 

(gha) (gha) footprint

Total Ecological Footprint 9,489,914 5.63 100%

of which

Energy 6,017,597 3.57 63%

Crop 1,127,240 0.67 12%

Pasture 548,051 0.33 6%

Forest 533,458 0.32 6%

Built 483,295 0.29 5%

Fishing 780,273 0.46 8%

Table 4.2: The Ecological Footprint of Northern Ireland Residents, by Area Type in 2001

The following examples illustrate the relationship
between land type and the ecological footprint:

Example 1 Materials and Waste
The largest area type for the 'materials and waste' 

component was energy land (accounting for 82% of the
materials and waste ecological footprint, and 63% of the
total ecological footprint). This is primarily due to the
accumulation of embodied energy during the process of
converting a product from raw materials into a final

Unpicking the Ecological Footprint One Step Further.
Different Area Type Demands
It is possible to disaggregate the ecological footprint in a
variety of ways. One obvious way is by policy relevant
component as shown throughout this report. It is also
possible to disaggregate the footprint by area types. 
This can be useful for land use planning and provides a 
more detailed understanding of resource demands.

For a description of the area types, see the Ecological
Footprint Methodology section in Appendix II. Table 4.2

and Figure 4.2 show a breakdown of Northern Ireland
residents’ ecological footprint, by different land types in
2001. Energy land (the land that would be required to
absorb CO2 emissions) was the largest land type, 3.57
gha per capita or 63% of the total ecological footprint.
This illustrates the key role that energy plays in meeting 
lifestyle demands either directly (consumed as 
electricity, gas, petrol etc.) or indirectly (embodied 
in material, services etc). 
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product. This shows how important ‘de-materialisation’
and waste minimisation initiatives could be in reducing
CO2 emissions.

Example 2 Food
Food products consumed by Northern Ireland residents

made demands on energy, crop and pasture land, and
sea. Table 4.3 gives an illustration of the food ecological
footprint by area type in 2001.

Food Type Energy Crop Pasture Sea Per capita

land land land footprint

(gha)

Food 265,785 972,514 527,086 774,649 1.51

of which 

Animal-based 155,059 517,175 527,086 774,649 1.17

of which

Milk 23,106 90,746 86,912 0.12

Butter 5,042 0.00

Cream 80 0.00

Cheese 877 0.00

Meat 83,908 411,507 440,174 0.56

Fish 9,686 774,649 0.47

Eggs 256 14,922 0.01

Soups, canned, dehydrated & powdered 5,486 0.00

Ice-cream & other frozen dairy food 8,378 0.00

Other foods 18,239 0.01

Plant-based 110,726 455,339 0.34

of which

Vegetable fats 5,393 27,365 0.019

Sugar & preserves 3,368 23,924 0.016

Potatoes 4,795 30,125 0.021

Other vegetables 1,476 12,445 0.008

Fruit 1,266 17,709 0.011

Bread 5,853 111,047 0.069

Other cereals 4,804 91,141 0.057

Tea, coffee & other beverages 18,933 119,526 0.082

Mineral water & soft drinks 45,784 0.027

Alcoholic beverages 14,883 22,057 0.022

Confectionery 4,172 0.002

Table 4.3: An Illustration of Part of the Food Ecological Footprint, by Area Type in 2001

Direct Energy Footprint
This component includes energy used in the home and
by commercial and public services, such as hotels,
education and health services. The ecological footprint
for direct energy in 2001 was 4,679,965 gha (0.92 gha
per capita). It accounts for 17% of the total ecological
footprint. Table 4.4 shows the direct energy ecological
footprint for Northern Ireland residents in 2001.

Domestic energy use was responsible for 71% of 
the total direct energy ecological footprint, of which coal
was the single largest component. Coal is also the largest
component for the total direct energy ecological
footprint, accounting for 38%. At 33% of the total direct
energy ecological footprint, electricity was the second
largest component.
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Materials and Waste Footprint
This component includes all the materials consumed and
waste generated in Northern Ireland by residents and
tourists. The ecological footprint for materials and waste
in 2001 was 4,034,062 (2.39 gha per capita). It accounts
for 43% of the total Northern Ireland residents' 
ecological footprint. Figure 4.2 shows a summary 
of the materials and waste ecological footprint for 

Northern Ireland residents in 2001, by consumption and
area demand. 

See Table 4.5 for a detailed breakdown of the materials
and products component and related methodological
issues related to the derivation of this level of 
ecological footprint. 

Fuel type Ecological footprint Per capita footprint % of total

(gha) (gha) footprint

Total Direct Energy 4,679,965 0.92 100%

of which

Domestic energy 3,347,568 0.66 72%

of which

Electricity 365,144 0.22 33%

Natural gas & LPG 48,161 0.03 4%

Heating oil, kerosene & gas oil 277,390 0.16 25%

Coal 423,310 0.25 38%

Renewables 520 0.0003 <1%

Services energy* 1,332,397 0.26 28%

of which

Hotels & restaurants 183,524 0.04 4%

Health & education 391,970 0.08 8%

Community, social & personal 231,596 0.05 5%

Office & administration 238,499 0.05 5%

Commerce 286,808 0.06 6%

Source: EnviroCentre

* Fuel sources aggregated by service category.

Table 4.4: The Direct Energy Ecological Footprint of Northern Ireland Residents, 
by Fuel Type in 2001
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Figure 4.2: An Illustration of Materials per capita Ecological Footprint 
of Northern Ireland Residents in 2001

Per capita
ecological footprint

(gha)
2.39

Energy
(gha)
1.97

Crop
(gha)
0.09

Pasture
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Sea
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0.003

0.35 0.18

1.62 0.09 0.01 0.14 0.003

Construction
(gha)
0.53

Materials &
products

(gha)
1.86

Consumption
of which...

Land type
of which...

This Figure illustrates how the consumption of materials puts demands on a range of land types. Note the significance of
the demand on energy land. This demonstrates the scale of the impact of embodied energy of materials and products. 

By SIC category Ecological footprint per capita (gha)

Materials and Waste Ecological Footprint 2.39

of which

13: Mining of Metal Ores 0.000070

14: Other Mining & Quarrying 0.004741

16: Tobacco products 0.006274

17: Textiles 0.091203

18: Leather clothing apparel 0.008893

19: Leather luggage, handbags etc -0.008692

20: Wood products 0.209169

21: Paper pulp & paper products 0.212299

22: Publishing, printing & reproduction of recorded media 0.052182

24: Chemicals & chemical products 0.063102

25: Rubber & plastics 0.060775

26: Non-metallic metal products 0.441431

27: Basic metals 0.051678

28: Fabricated metal products 0.000400

29: Machinery equipment 0.463115

30: Office machinery 0.168499

31: Electrical machinery 0.447248

Table 4.5:The Ecological Footprint of the Materials and Products Consumed by 
Northern Ireland Residents, by SIC Category In 2001
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By SIC category Ecological footprint per capita (gha)

Materials and Waste Ecological Footprint 2.39

of which …

32: Radio, televison & communications 0.020750

33: Medical instruments, watches & clocks 0.074844

34: Motor vehicles, trailers & semi-trailers (excl. passenger vehicles) 0.014739

35: Other transport equipment (excl. passenger vehicles) 0.001632

36: Furniture 0.009373

Notes: 
1. Includes construction materials (detailed by use elsewhere)
2. SIC 19 is negative due to extensive suppressed data in Prodcom (SIC 19100). See a description of Prodcom data extraction, derivation and use

below and in the Resource Flow Analysis Methodology
3. Data may not add up exactly due to rounding errors 
4. 0.078 gha of cropland which it was not possible to not account for by SIC code was included in SIC 17 (Textiles)
5. See details below for information on which SIC categories are included, excluded or partially excluded

Calculating the Footprint of Personal 
Material Consumption
It is possible to estimate personal material consumption
for an average Northern Ireland resident by SIC category.

Several steps are involved:
1. UK resource consumption data (in tonnes) – for 

materials and products – is adjusted to remove 
double counting (both intermediate products and 
materials accounted for elsewhere in the ecological 
footprint – food, energy, forestry and transport).  
1. The following SIC categories are included in their 

entirety: 13, 14, 16-22, 24-33, 36
2. SIC categories 34, 35 (transport) are partially 

included reflecting the fact that personal 
transport is accounted for elsewhere in the 
ecological footprint.

3. SIC categories 2 (forestry), 1, 5, 15 (all food-
related) 10, 11, 23 (all energy-related) are 
excluded as they are accounted for elsewhere in 
the ecological footprint.

2. The resulting production, import and export tonnage 
data is converted – at the aggregated two digit SIC 
level – to their corresponding ecological footprints 
using energy and bioproductive land factors extracted 
– for consistency – from the National Footprint 
Accounts1 (Redefining Progress, 2002). 

3. The breakdown of consumption into SIC categories 
16, 17, 20, 21 and 25 is additionally based on the 
construction calculations, presented elsewhere, and 
ecological footprint data for paper & pulp, textiles, 
rubber and tobacco contained within the UK National 
Footprint Accounts2. 

4. This UK footprint data, by SIC code, is proxied to 
reflect the variation between all-UK and Northern 
Ireland domestic waste arisings.  
Household domestic waste in Northern Ireland is 
121.5% of the UK average3. 

5. This figure is further calibrated for compatibility with 
the UK National Footprint Accounts by application of a
constant across all SIC categories. This adjusts for any 
variations in the different data sources used and any 
outstanding double-counting not previously captured.

Endnotes:
1 All SIC categories include embodied energy factors. SIC categories 16-21 

and 25 (see note on SIC 36) additional include bioproductive land factors.
2 Although the vast majority of timber (by mass) is used in construction 

(SIC 20), some would be used to manufacture furniture (SIC 36).
However, no data was available to determine the split between SIC 20 
and SIC 36. Therefore we account all bioproductive area associated with 
timber under SIC 20. Data on harvested materials not accounted for by 
tobacco or rubber bioproductive area was assumed to fall with SIC 17 
(Textiles).
3 Household waste data is the most reliable, widely collected indicator of 
material consumption. Use of this as a proxy is based on the assumption 
that overall personal material consumption is proportional to the waste
produced.

Food Footprint
The food ecological footprint includes food consumed in
the home and eaten out, by Northern Ireland residents in
2001. Food waste is not included – it is accounted for in
the materials and waste ecological footprint. The
ecological footprint for food consumed by Northern
Ireland residents in 2001, was 2,540,034 gha (1.51 gha
per capita). It accounted for 27% of Northern Ireland 
residents’ total ecological footprint. A breakdown of the
food ecological footprint by food type is shown in 
Table 4.6.

Animal-based food products were responsible for 78% of
the total food ecological footprint. Of this, 'meat' had
the largest ecological footprint with 0.56 gha/capita
(47% of animal-based products). 'Beef & veal' accounted
for 68% of this meat ecological footprint
(0.37gha/capita). The plant-based food type with the
largest ecological footprint was 'bread' (20% of the
plant-based food footprint or 0.07gha/capita).
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Food Type NI Footprint Per capita %of the total

footprint (gha) food footprint

Food Total 2,540,034 1.51 100%

of which

Animal-based 1,973,969 1.17 77.71%

of which

Milk 200,765 0.119 7.90%

Butter 5,042 0.003 0.20%

Cream 80 0.000 0.00%

Cheese 877 0.001 0.03%

Meat 935,589 0.555 36.83%

of which

Beef & veal 637,396 0.378 25.09%

Mutton & lamb 104,638 0.062 4.12%

Pork 79,007 0.047 3.11%

Bacon & ham 7,192 0.004 0.28%

Poultry 62,414 0.037 2.46%

Other meat products 44,942 0.027 1.77%

Fish* 784,335 0.465 30.88%

Eggs 15,178 0.009 0.60%

Soups (canned, dehydrated & powdered) 5,486 0.003 0.22%

Ice-cream & other frozen dairy food 8,378 0.005 0.33%

Other animal-based foods 18,239 0.011 0.72%

Plant-based 566,065 0.34 22.29%

of which

Vegetable fats 32,757 0.019 1.29%

of which

Margarine 1,569 0.001 0.06%

Low fat & dairy spreads 16,477 0.010 0.65%

Vegetable & salad oils 13,535 0.008 0.53%

Other vegetable fats 1,177 0.001 0.05%

Sugar & preserves 27,291 0.016 1.07%

Potatoes 34,920 0.021 1.37%

Other vegetables 13,920 0.008 0.55%

Fruit 18,975 0.011 0.75%

Bread 116,900 0.069 4.60%

Other cereals 95,945 0.057 3.78%

Tea 98,075 0.058 3.86%

Coffee 31,730 0.019 1.25%

Other beverages 8,654 0.005 0.34%

Mineral water 3,896 0.002 0.15%

Soft drinks 41,888 0.025 1.65%

Alcoholic beverages 36,940 0.022 1.45%

Confectionery 4,172 0.002 0.16%

Sources: FAO, 2001 and DEFRA, 2000.
* This includes fish for non human consumption.
Notes 
Due to rounding of figures, totals may not add upCategories do not exactly match Table 7 in the Resource Flow results due to different
aggregations required to be consistent with the Stepwise™ and National Footprint Accounts (Redefining Progress, 2002) approach

Table 4.6: The Food Ecological Footprint of Northern Ireland Residents, by Type in 2001
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The ecological footprint per unit of food varies
considerably between different food types. Even though
animal-based food products had the lower of the total
tonnes consumed, it had the highest ecological footprint
(about three times greater than plant-based food
products). This highlights the ‘conversion inefficiencies’ in
the food chain. It takes far more land to produce a
kilogram of beef than it does a kilogram of wheat.  

Personal Transport Footprint
This component covers all transport modes and travel by
Northern Ireland residents in 2001. Freight transport was
not included – it is accounted for as part of the materials
and waste and food component ecological footprints as
appropriate. The calculation of the personal transport

ecological footprint takes into consideration the energy
required for manufacturing, maintenance and fuels used
for different modes of transport, such as cars, aeroplanes
and trains. The personal transport ecological footprint of
Northern Ireland residents in 2001 was 856,224 gha
(0.51 gha per capita), and accounted for 9% of the total
ecological footprint. Table 4.7 shows the component
breakdown of the personal transport ecological footprint
by mode.  

The largest component was car travel, which accounted
for 625,416 gha (73%) of the total personal transport
ecological footprint. Air travel was the second largest
component, which accounted for 197,118 gha (23%).  

Transport Mode Distance Travelled NI Footprint Per capita footprint

pass-km per capita (gha) (gha)

Total Personal Transport Footprint 10,099 856,223.97 0.51

of which

Car 8,543 625,416 0.37

Bus & coach 668 20,949 0.01

Rail, tram, metro etc. 85 3,332 0.00

Waterborne 40 7,318 0.00

Air travel* 731 197,118 0.12

Motorbikes/scooters 32 2,091 0.00

Sources: CAA, 2002; DfT, 2002a; DfT, 2002b; 
* Consumption data for air travel is an estimate of all flying by all NI residents and includes more than the flights which take off and land within NI.
Note: Due to rounding of figures, totals may not add up.

Table 4.7: The Personal Transport Ecological Footprint of Northern Ireland Residents, 
by Mode in 2001

Water Footprint
This component includes the energy required to collect,
treat and supply Northern Ireland residents with water,
post-consumer treatment and release. Domestic water
provided from local sources with minimal infrastructure or
processing, such as from a stream, was not included.  

The ecological footprint of water consumed by Northern
Ireland residents was 18,377 gha (0.01 gha per capita).  

Built Land Footprint
This component includes all areas that have been built
on, for example industrial sites and houses (but does not
include degraded land as no appropriate data was

available). The built land ecological footprint for Northern
Ireland in 2001 was 483,295 gha (0.29 gha per capita).
This accounted for 5% of Northern Ireland residents’ 
ecological footprint. The land use type with the largest
ecological footprint was ‘commercial/industrial use (incl.
hydro)’ with 262,281 gha (0.16 gha per capita). Table 4.8
shows a breakdown of the land use ecological footprint, 
by type.
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Conclusions
The results set out in this chapter represent a ‘snapshot’
of the Ecological Footprint of Northern Ireland for the
year 2001. As such, it provides the foundation from

which we can measure the ecological sustainability of
Northern Ireland and model a range of scenarios for
reducing the ecological footprint.

Built Land Use Type Hectares per capita Per capita footprint %

(ha) (gha)

Total Built Land Ecological Footprint 483,295 0.29 100 %

of which

Housing land 140,446 0.08 29%

Transport-related land use 80,568 0.05 17%

Commercial/industrial use (incl. hydro) 262,281 0.16 54%

Source:  EnviroCentre

Table 4.8: The Built Land Ecological Footprint of Northern Ireland Residents in 2001,
by Land Use Type 
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Chapter 5 Northern Ireland’s 
Ecological Sustainability Assessment

The Ecological Sustainability of Northern 
Ireland
An ecological footprint measures the demand placed on
natural resources. By comparing this demand with supply,
it is possible to estimate ecological sustainability. This
supply is referred to as ‘biocapacity’.  

Biocapacity is a function of the boundaries of an area
and the bioproductivity of the land and sea within that
area. Bioproductivity is the ability of a piece of land to
produce biomass such as food crops, fuel crops, forest,
grazing etc. Different land types will have different bio-
productivities.

Per capita biocapacity (gha)  =  
( L Arable*Y Arable + L Pasture *Y Pasture + L Built *Y Built

+ L Forest *Y Forest+ L Sea*Y Sea) / population

Where L is the area of that land type and Y is the 
bioproductivity or yield of that land type.

Biocapacity can be derived at any geographical scale – it
just depends on the boundaries which are chosen. For
the purposes of conducting sustainability assessments,
biocapacity is expressed in global average hectares (gha)
to ensure consistency with the ecological footprint. 

The Biocapacity of Northern Ireland
The bioproductivity of the different land types identified
in Northern Ireland were assessed to derive the region’s
biocapacity (Table 5.1). 

Land Type Biocapacity per capita (gha)

Total 2.41

Arable land 0.21

Pasture land 1.41

Forest 0.15

Built land* 0.28

Sea** 0.36

* Built land is included to illustrate ‘potential bioproductivity’
** Average per capita UK data, from the National Footprint Accounts (Redefining Progress, 2002), is used

Table 5.1: The Biocapacity of Northern Ireland

Northern Ireland’s biocapacity is 2.41 gha per capita. If
the same principles are applied to the whole world, the
per capita biocapacity, often referred to as the ‘average
earthshare’, is 1.90 (Chambers et al 2000). Northern
Ireland’s higher than world average biocapacity reflects its
low population density and higher than global average 
bioproductivity.

The ecological footprint can be compared with 
biocapacity derived at either scale and will indicate 
different things. Comparing Northern Ireland’s 
ecological footprint (5.63 gha per capita) with its 
biocapacity (2.41 gha per capita) is an indication of 
whether or not that population is living within the means

of its national boundaries. The figures show that at the
national level, demand is greater than supply. 

Alternatively, it is possible and, some would argue, more
desirable, to compare the ecological footprint with
globally available biocapacity.

Northern Ireland in a Global Context
Table 5.2 shows that Northern Ireland residents’ 
ecological footprint of 5.63 gha was far greater than the
‘average earthshare’ of 1.9 gha. This indicates that
current residents’ lifestyles are not ecologically
sustainable.

Table 5.2: Comparing the Ecological Footprint with National and Global Biocapacity, 2001 

Global hectares per capita

NI residents’ ecological footprint 5.63

NI biocapacity 2.41

The world’s biocapacity 1.90
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Comparisons with Other Regional and 
National Ecological Footprints
There have been many ecological footprint analyses
undertaken for countries and regions in the past few
years. However, not all of these are methodologically
compatible with the ecological footprint calculated for
‘Northern Limits’. The methodology used for ‘Northern
Limits’ follows recent recommendations made by Lewan
& Simmons (2001) under the European Common
Indicators Programme and is directly compatible with the
‘National Footprint Accounts’ (Redefining Progress,
2002). For this reason, only ecological footprints
calculated for other countries and regions that used the
same methodology are compared here with Northern
Ireland residents’ ecological footprint.  

Northern Ireland and other UK regions
Figure 12 compares the per capita Northern Ireland 
ecological footprint with other UK regions as calculated
by Barrett and Simmons (2003). Note that the Northern
Ireland and Scottish footprints use 2001 data – other
regions are based on year 2000 data. Historical analyses
suggest that the footprint is increasing by about 1-2%
per annum. If this were the case with Northern Ireland
then the ecological footprint, for comparative purposes,

would have been about 0.05gha less (or 5.58gha) in
2000. Even allowing for differences in data years, it can
be seen that the ecological footprint of Northern Ireland
is the highest of any region. This is due, primarily, to two
components; domestic energy and goods. The energy
sources used in Northern Ireland emit more carbon
dioxide than in the UK as a whole – less gas is used and
more oil and coal.

Waste arisings are high – the highest of any UK region.
Recycling is correspondingly low leading to – overall – a
significant ecological footprint for this component.

In other areas; nourishment, mobility and services,
Northern Ireland’s environmental performance is similar
to, or better than, other regions (see Figure 5.2).

Clearly, waste and energy are priority areas for action.
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Northern Ireland and other EU Countries
Figure 5.2 shows the per capita Northern Ireland
residents’ footprint in comparison to selected European
countries. The highest (Belgium at 6.78 gha per capita)

and lowest (Italy at 3.84 gha per capita) ecological
footprints give a range of just under 3 gha per capita).
Note that data is for year 1999 – except Northern Ireland.

Figure 5.2: Comparison of Northern Ireland Main Components with UK Average
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Figure 5.3: Comparison between Northern Ireland and EU15 Countries (gha/capita)
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Northern Ireland and the World
How does the ecological footprint of a Northern Ireland
resident compare with residents from parts of the world
outside of Europe? The National Footprint Accounts
(Redefining Progress, 2002) presented in the Living Planet
Report 2002 measured the ecological footprints of the 
residents in 258 countries around the world as well as

the ecological footprint of a world resident.  Figure 5.4
shows a summary of the Living Planet Report 2002
results for a few countries compared with a Northern
Ireland resident’s ecological footprint – which is similar to
the UK and Republic of Ireland’s ecological footprints.
Figure 5.4 also highlights the equitable and ecologically 
sustainable ‘earthshare’, against which all the 
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ecological footprints can be compared to measure 
ecological sustainability.  

A minority (32% or around 2,000 million) of the World’s
residents are currently living above the ‘earthshare’ which
means that 68% (more than 4,000 million people) are
currently living within their ‘earthshare’. In addition, there

are myriad opportunities for reducing consumption and 
improving the resource-use of consumed materials, 
products and services.  

Figure 5.4: Northern Ireland Residents’ Ecological Footprint in Relation to Some Other Nations
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Conclusions
The results set out in this chapter represent an 
assessment of the ecological sustainability of Northern
Ireland and lays a foundation for modelling scenarios, 

which can identify options for reducing the ecological
footprint of Northern Ireland’s population.
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Chapter 6 Scenarios, Methodology
and Results

This chapter presents scenarios for reducing the
ecological footprint of Northern Ireland’s population
using the baseline data for 2001 as the starting point to
estimate footprints for future years.

Identifying the Scenarios
It has only been possible to model a limited range of
scenarios and as with all modelling, a range of 
assumptions has been made. Indeed, it is startling how
often major regional or national policies are developed on
the basis of assumptions which have never actually been
tested. When these assumptions are subjected to
measurement and modelling, it is often found that the
results run counter to commonly-held or ‘intuitive’
beliefs.

The scenarios were selected on the basis of:
• Data availability and robustness
• Relevance to existing policies and targets within 

Northern Ireland
• Significance in terms of their scale of impact

‘Snapshot’ Scenarios
Projecting future scenarios is problematic. There are many
variables which would influence the future size of
Northern Ireland’s ecological footprint. Some of these
variables are economic, for example pricing structures can
affect demand for certain goods and services, others are 
environmental or social. Consumer behaviour is clearly a
big influence on consumption patterns as are
demographic factors such as population size. 

It is outside the scope of this study to consider variations
in all these elements, hence, in the interests of
transparency, the approach taken in this report has been
to develop the scenarios as ‘snapshots’. That is, well
defined changes in consumption or technology are
introduced based on future forecasts but, essentially,
everything else is assumed to be common with the
baseline year (2001).

One Planet Living?
As calculated, the ecological footprint of Northern Ireland
residents for 2001 was 5.63 global hectares (gha) per
capita. The average ‘earthshare’, based on 1999 data
(the most recent year for which this has been calculated)
was 1.90 ha (Redefining Progress, 2002). To bring the
ecological footprint of Northern Ireland’s residents to
within the 1999 ‘earthshare’ – often referred to as ‘one
planet living’ – would therefore require a reduction of 
about 66%.

This figure should not be considered as a non-negotiable
target. It may be possible, reasonable, and/or desirable to
adjust this value upwards or downwards to reflect policy
priorities and demographic or ecological changes. For
example, it may be possible to increase the ecological 
carrying capacity of the planet’s ecosystems through
improvements in agriculture. Differing geography, and

the uneven distribution of renewable resources, might
make a sound case for acceptable lifestyles at
consumption levels above, or below, the average
earthshare. It could be argued, for example, that those
living in warm climates do not require as much energy to 
maintain their lifestyles as those in colder regions.

Historical analyses, though, would indicate that 
population pressures, in particular, have led to progressive
reductions in the average earthshare and a corresponding
increase in the global ecological footprint.

Here we present a ‘one planet living’ benchmark 
alongside projections based on official targets to illustrate
the scale of change necessary to reach the average
earthshare. 

It has been assumed that the desired 66% reduction in
footprint required for ‘one planet living’ is equally
distributed across consumption components. In practice,
the environmental impact of some activities will be easier
to reduce than others. For example, a change to
renewable electricity is not as disruptive as a modal shift
in personal transportation. 

All scenarios should be considered as indicative of just
one of many possible means of reducing the 
ecological footprint. 

Electricity Scenarios – Energy Conservation
Combined with Increased Renewable Electricity
Total electricity consumption by the domestic, commercial
and industrial sectors, in Northern Ireland in 2001 was
7650 GWh. This energy was produced using a range of
primary fuels (see Table 1). Electricity demand in the last
decade has grown on average by around 1.8% per
annum (Northern Ireland Energy Study 2002, Carbon
Trust, Making Business Sense of Climate Change).

The six scenarios presented are based on the three 
differing assumptions about future changes in electricity
consumption:
• Continued growth at current rate of 1.8% per 

annum leading to a 2021 consumption figure of
10,737 GWh

• 0% ‘no growth’ rate
• Decline of 1.8% per annum leading to a 

reduced 2020 consumption of 5,417 GWh

The scenarios also make three differing assumptions
about the proportion of supply from renewable sources:
• ‘Business as usual’ rate of 1.5% of total 

consumption
• ‘Evolutionary’ rate of 15% of total consumption by 

2010 and 35% by 2020 
• ‘Revolutionary’ rate of 65% of total consumption 

by 2020

Evolutionary targets are based on figures provided by the
Department of the Environment Northern Ireland as part
of the ‘Shaping Our Future’ programme in 1999 and the
DETI Committee’s Report on the Energy Inquiry. The
revolutionary target is based on data contained within 
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‘Sea Wind East’ – A report for Greenpeace by AEA 
Technology. 

Initial fuel mix is as stated in Table 6.1. All scenarios
assume that new renewable generating capacity displaces
existing coal-fired power stations and, when these are
eliminated, oil-fired stations. 

The scenarios can be summarised as follows:
Scenario 1 Business as Usual – Electricity 

consumption increasing at 1.8% per 
annum, with a renewable energy 
figure of 1.5% of total electricity 
consumed.

Scenario 2 Evolutionary I – Renewable energy 
15% of electricity by 2010 and 35% 
by 2020 coupled with current 
growth rate of 1.8% per annum.

Scenario 3 Evolutionary II – Renewable energy 
15% of electricity by 2010 and 35% 
by 2020 coupled with zero growth 
rate in consumption.

Scenario 4 Evolutionary III – Renewable 
energy 15% of electricity by 2010 
and 35% by 2020 coupled with 
decline in consumption of 1.8% per 
annum.

Scenario 5 Revolutionary I – Renewable 
energy 65% of electricity by 2020 
coupled with 1.8% annual growth 
rate.

Scenario 6 Revolutionary II – Renewable 
energy 65% of electricity by 2020 
coupled with 1.8% annual decline 
in consumption.

Fuel Type Percentage (%) GWh

Natural Gas 48 3,672

Coal 45.5 3,480.75

Oil 5 382.55

Renewables 1.5 114.75

Table 6.1: Composition of Fuel Used in Northern Ireland Electricity Generation

Methodology
For each scenario, conversion factors are applied to the
electricity consumption data to derive 

ecological footprint values and carbon dioxide 
emissions data.The conversion factors used are 
given in Table 6.2.

Fuels gha/GWht CO2/GWh

Electricity from natural gas 111.536 417.160

Electricity from oil 179.297 670.594

Electricity from coal 235.917 882.361

Electricity from renewables 6 0

Sources: Best Foot Forward, EcoIndex database

Table 6.2: Energy Conversion Factors

Ecological Footprint Results
Figure 6.1 shows Scenarios 1 to 6 plotted alongside a
straight line indicating the ‘one planet’ level of
consumption. Also plotted, against the right hand axis,
are three lines representing the three different
assumptions relating to electricity consumption changes
over time.

As can be seen, all Scenarios except the ‘Business 
as usual’ (Scenario 1) lead to a reduced footprint over
time. However, only Scenarios 4, 5 and 6 achieve, or
nearly achieve, the ‘one planet’ benchmark.  



Figure 6.2: Scenarios 1 to 6: Projected CO2 emissions (CO2 tonnes)
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Figure 6.1: Scenarios 1 to 6: Ecological Footprint results (000’s gha)
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Carbon Emissions Results
Figure 6.2 shows the carbon dioxide emissions from 
Scenarios 1 to 6. The profile of emissions closely follows
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the ecological footprint results. Under the ‘best case’
Scenario 6, emissions reduce from about 4.85m tonnes
of CO2 to 0.85m tonnes.
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Scenario 2 Evolutionary I – Applying the 
Northern Ireland Waste 
Management Strategy target of 
25% recycling rate by 2010 and the 
research study on International 
Recycling Experience (DEFRA) 65% 
recycling rate by 2020. Waste 
continues to grow at rate of 2% per 
annum.

Scenario 3 Evolutionary II – Waste production 
remains constant and the recycling 
targets of 25% by 2010 and 65% 
by 2020 apply as above.

Scenario 4 Revolutionary I – A decline in waste 
production by 1% per annum, 
applying the 25% recycling rate 
target of 25% by 2010 and the 
65% target for the year 2020.

Initial domestic waste in 2001 is assumed as 542kg with
composition as given in Table 6.3.

Waste Scenarios – Domestic Waste Reduction
Combined with Improved Waste Management
Total waste arisings generated by Northern Ireland in
2001 were 7,005,990 tonnes of commercial, 
industrial and municipal waste. Municipal waste totalled
1,056,298 tonnes of which household waste accounted
for 914,151 tonnes, approximately 13% of the total
waste produced. The municipal waste growth rate is
approximately 2% per annum (Waste Management
Strategy of Northern Ireland).

The scenarios presented explore the effect of Northern
Ireland Waste Management Strategy targets combining
these with differing assumptions about domestic waste
arisings.

Figures were calculated for both 2010 and 2021, 
assuming 2001 waste composition as the starting point.
The ecological footprint results are calculated for four
scenarios:

Scenario 1 Business as usual – Waste continues 
to grow at rate of 2% per annum. 
Recycling figure remains at 8.9%.

Waste Category Domestic Percentage (%)

Paper and card 16.67

Plastics (assumed equal split between film and dense plastics) 8.38

Miscellaneous combustible 7.98

Miscellaneous non-combustible 2.99

Textiles 1.40

Glass 6.59

Ferrous metals 2.59

Non-ferrous metals 0.70

Putrescibles 44.01

Fines <10mm 8.68

Sources: The Northern Ireland Household Waste Characterisation Study 2000, NI2000 and Kirk McClure & Morton. 

Table 6.3: Northern Ireland Domestic Waste Composition 2001

Methodology
Waste tonnages were converted to their ecological 

footprint equivalents using the conversion factors set out
in Table 6.4.
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To achieve the overall recycling targets, it is necessary to
apply different recycling/composting rates to the
individual waste streams. The recycling rates used for
each scenario are given in Table 6.5 for years 2001, 2010
and 2021. The rates for Scenario 1, business as usual,
remain the same up until 2021. Scenarios 2, 3 and 4 all
comply with the targets contained within the Northern

Ireland Waste Management Strategy (25% recycling rate 
by 2010) and the research study on International 
Recycling Experience (DEFRA) (65% recycling rate by
2020). The differences between these scenarios, as
outlined above, relates solely to the tonnage of waste
arisings. 

Waste Stream Landfill (gha/tonne) Recycled (gha/tonne)

Paper and card 2.45 1.81

Plastic film 3.06 2.45

Dense plastic 3.06 2.45

Textiles 4.48 2.24

Other combustibles 3.00 1.50

Other non-combustibles 2.00 1.00

Glass 0.74 0.65

Ferrous metal 1.04 0.10

Non ferrous metal 7.08 0.28

Mixed metal 2.50 1.25

Electrical 2.50 1.25

Fine material 0.16 0.01

Other household waste 2.00 1.00

Source: Best Foot Forward

Table 6.4: Footprint Conversion Factors

2001 Benchmark Scenario1 Scenarios Scenarios 
2,3 and 4 2,3 and 4

Waste Stream Avg kg/ 2010 and 2010 2021

capita/ 2021

annum

Paper and card 90.41 8% 8% 26% 65%

Plastic film 22.74 2% 2% 11% 35%

Dense plastic 22.74 2% 2% 11% 35%

Textiles 7.58 6% 6% 36% 95%

Other combustibles 43.31 0% 0% 0% 0%

Other non-combustible 16.24 0% 0% 0% 0%

Glass 35.75 12% 12% 39% 95%

Putrescible 238.73 14% 14% 35% 90%

Ferrous metal 14.05 3% 3% 33% 90%

Non ferrous metal 3.80 6% 6% 36% 95%

Mixed metal 0.00 0% 0% 0% 0%

Electrical 0.00 0% 0% 0% 0%

Fine material 47.08 0% 0% 0% 0%

Other household waste 0.00 0% 0% 0% 0%

Table 6.5: Baseline 2001 Composition Data and Recycling Rates for all Scenarios
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Results
Ecological footprint results for the four scenarios are
shown in Figure 6.3 alongside a line indicating the
reductions necessary to achieve ‘one planet’ levels of
consumption for this component.

As can be seen, even the most radical scenario modelled
fails to achieve the 66% reduction in footprint indicated
by the ‘one planet’ benchmark.

Figure 6.3: Ecological Footprint Results for Domestic Waste Scenarios
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Table 6.6: Data Used for Figure 6.3 with Percentage Change from 2001

gha 2001 2010 change from 2021 change from 

2001 2001

Scenario 1 3,015,537 3,739,418 24% 4,463,299 48%

Scenario 2 3,015,537 3,398,456 13% 3,652,649 21%

Scenario 3 3,015,537 2,840,932 -6% 2,443,993 -19%

Scenario 4 3,015,537 2,488,543 -17% 2,010,567 -33%

One planet 1,025,283 1,025,283 1,025,283

Food Scenarios – Three very different menus
Due to the lack of Northern Ireland specific food-
related data, the food scenarios presented here are 
different in format to the energy and waste scenarios
presented earlier in this section.

The scenarios here are based on ‘food miles’ case study
data for the UK originally researched by the food and
farming organisation Sustain in their ‘Eating Oil’ report
(November 2001).

Sustain present three sample ‘menus’ of foodstuffs with
different associated food miles. For consistency with the
other scenarios presented earlier, these are referred to as

‘business as usual’, ‘evolutionary’ and ‘revolutionary’
menus. The first consists of mainly imported ingredients,
the second a mix of imported and local produce, the 
third is entirely locally sourced.

Tables 6.7, 6.8 and 6.9 show the foodstuffs and 
associated food miles, mode of transport, quantities and
energy consumption for all three options. The data is the
same as that derived by Sustain except that the profile of
foodstuffs is changed to reflect the different diet of
Northern Ireland residents. For example, the consumption
of potatoes is 69% higher than the UK average and the
consumption of fresh greens is 36% lower. The weight of
the ingredients is adjusted following this re-profiling to
keep the overall mass of foodstuffs the same.

gha - Scenario 1

gha - Scenario 2

gha - Scenario 3

gha - Scenario 4

One planet living
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Table 6.7: Source Data for ‘Business as Usual’ Scenario

Product Origin Distance Mode of Quantity Energy 

(Miles) transport (Kg) consumption  

(MJ)

Total 24,364 14.50 36.23

Chicken Thailand 10,691 Ship 4.41 4.41

Runner beans Zambia 4,912 Plane 0.55 14.38

Carrots Spain 1,000 Lorry 1.40 0.98

Mange tout Zimbabwe 5,130 Plane 0.28 7.49

Potatoes Italy 1,521 Lorry 7.32 7.61

To distribution

Sprouts British 125 Lorry 0.55 0.06

Five imported items 625 Lorry 0.70

To store 360 Lorry 0.60

Sources: Sustain/Elm Farm Research Centre (2001); EnviroCentre

Table 6.8: Source Data for ‘Evolutionary’ Scenario

Product Origin Distance Mode of Quantity Energy 

(Miles) transport (Kg) consumption  

(MJ)

Total 13,673 14.50 32.17

Runner beans Zambia 4,912 Plane 0.55 14.38

Carrots Spain 1,000 Lorry 1.40 0.98

Mange tout Zimbabwe 5,130 Plane 0.28 7.49

Potatoes Italy 1,521 Lorry 7.32 7.61

To distribution

Sprouts British 125 Lorry 0.55 0.06

Turkey British 125 Lorry 4.41 0.35

Four imported items 500 Lorry 0.70

To store 360 Lorry 0.60

Sources: Sustain/Elm Farm Research Centre (2001); EnviroCentre

Table 6.9: Source Data for ‘Revolutionary’ Scenario

Product Origin Distance Mode of Quantity Energy 

(Miles) transport (Kg) consumption  

(MJ)

Total 376 14.50* 1.01

Turkey/Chicken Lambourn 76 Van 4.38 0.35

Carrots Various 60 Van 1.39 0.09

Cabbage Various 60 Van 0.55 0.03

Potatoes Various 60 Van 7.28 0.47

Sprouts Various 60 Van 0.55 0.03

Parsnips Various 60 Van 0.35 0.04

*Note: original Sustain data gave a quantity of 15kg. This was adjusted to 14.5kg (the same as the other menus) by a reduction in

the weight of parsnips. 

Sources: Sustain/Elm Farm Research Centre (2001); EnviroCentre
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Methodology
To convert energy consumption into global hectares, the
following formula was applied. 

PTEF =PE*CI*CG

Where:
PTEF = transport-related product energy footprint
PTE = embodied transport energy (in MJ as in table)
CI = carbon intensity of energy = 0.000018 tonnes of
Carbon per MJ (Source: National Footprint Accounts).
World average figure used.
CG = conversion constant to transform carbon to 

its world average biomass sequestration area = 
0.98 (Source: National Footprint Accounts)

Applying this formula, it can be seen that 1MJ has 
a footprint of approximately 0.00002 gha.

In addition to calculating the transport-related 
footprint, production energy as well as crop and pasture
footprints were estimated based on the average data
contained within the Northern Ireland footprint. Table
6.10 shows the average ecological footprint (gha) per
tonne by different food categories. 

Product Category Production Crop land

(gha/t) (gha/t)

‘Fresh greens’ and ‘other fresh vegetables’ incl. sprouts, 

runner beans, carrots, mange tout, cabbage and parsnips 0.0095 0.1480

‘Fresh potatoes’ 0.0351 0.2205

‘Uncooked poultry’ incl. turkey and chicken 0.8460 2.3767

Table 6.10: Footprint Conversion Factors Used for Processing and Crop Land by Product

Results
Figure 6.4 presents the summary results of a 
comparison between the three menus taking into 
account key aspects of the ecological footprint 
(transport, production and crop land).

As can be seen, transport-related impacts are the least
significant element of the three. However, it should be
noted that food transported over long distances also
typically requires more storage, processing and
packaging, which would add significantly to the
footprints of Menus 1 and 2. For example, shipping
plastic-wrapped, refrigerated goods would increase the
embodied energy of the food considerably. Supply chains
for imported goods are usually complex and difficult 
to trace and no specific data is available for food 
supplied to Northern Ireland or, indeed, the UK as 
a whole.

Indicative figures for processing and packaging 
have been calculated by Pimentel and Pimentel (1996)
who suggest that freezing meat requires about 5MJ per
kg. Pimentel and Pimentel also estimate plastic packaging
to require around 5.1MJ per kg of food transported
(assuming that the packaging is not recycled). Imported
food is also typically chilled during transport and is more
likely to be to stored in a chilled state. An estimate of 
1.1MJ/kg is used here for chilled food (derived from
Pimentel & Pimentel). These would seem to be
conservative estimates.

In deriving these estimates of the impact of freezing,
chilling and packaging it has been assumed that all
imported meat is frozen (Menu 1 only), all imported
vegetables are chilled (Menus 1 and 2) and anything
which is frozen or chilled is also plastic packaged. 
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Moving from a food supply system involving mainly
imported produce to one where local food 
predominates can therefore, based on the example 
menus, yield a footprint saving of approximately 21%.
Clearly, the transport-related elements (including freezing,
chilling and packaging) yield a far greater saving, but
when these are put in context, the other elements, –
production and harvesting – play a greater role.

Clearly, reducing the impact of the food supply system to
the ‘one planet’ benchmark is likely to prove difficult due
to the need to provide a sufficient, nutritious and varied
diet. Other options for reducing the food footprint, not
explored here, include reducing food waste, changes in
diet and modifications to agricultural practices. For 
example, studies have shown that CO2 emissions from
organic farming are 40-60% lower per hectare than
conventional systems. This is mainly because organic
farmers do not use inorganic Nitrogen fertilisers. Other
research has demonstrated that the same amount of

food can be produced by organic farming with 19% less 
direct and indirect energy input than conventional or
integrated farm systems.

Conclusions
The limited ranges of scenarios that it has been possible
to explore within this project illustrate the power of the
measuring and modelling resource consumption and
footprints. The waste management scenarios illustrate
that the current focus within the Northern Ireland Waste 
Management Strategy on recycling will achieve little in
terms of sustainability, unless the issue of waste growth
rates is addressed. The food scenario illustrates that the
‘intuitive’ assumptions upon which the scenario was
developed were mistaken, that is, it was assumed that
transport was a major element of the impacts of food 
consumption, whereas the outputs of the scenario
modelling demonstrate that transport is a relatively minor
element of the overall impacts relative to production.

Figure 6.4: Ecological Footprint of Sample Menus
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Chapter 7 Conclusions and
Recommendations

Introduction
The Resource Flow Analysis and Ecological Footprint of
Northern Ireland has demonstrated the vital contribution
that the modelling and measurement of resource flows
and ecological footprints has in developing evidence-
based policies for sustainable development.

The limited range of scenarios that it has been possible to
model has shown that both resource flow analysis and
ecological footprinting can be a powerful tool in
identifying the ‘Big Hitters’ in terms of resource
consumption, allowing the development of policies which
are ‘fine-tuned’ and targeted.

One of the key issues is data. As described in the
resource flow analysis methodology section, a significant
proportion of the data for the RFA was generated by
proxying from UK data, or extrapolating on the basis of
per capita. While this is an established methodology
which has been applied rigorously and transparently,
there is no doubt that primary data collected on a
regional basis will ultimately provide a better indicator of
regional variations.

Recommendations

Policy Recommendations
• A Sustainable Development Strategy for Northern 

Ireland should be produced which integrates 
environmental policy, economic development, wealth 
creation and social inclusion.

• Resource Flow Analysis and associated indicators to be 
made a core element of the Sustainable Development 
Strategy for Northern Ireland.

• Ecological Footprint to be made a Headline Indicator 
within the Sustainable Development Strategy for 
Northern Ireland.

• Targets should be established for each Government 
Department to reduce the key impact areas of the 
Northern Ireland Footprint.

• Northern Ireland should establish links with the 
Regional and Welsh Appraisal of Resource Productivity 
& Development (REWARD) programme.

• Northern Ireland should establish links with the 
Scottish Resource Flow Analysis and Ecological 
Footprint Programme via the Scottish and Northern 
Ireland Forum for Environmental Research (SNIFFER).

• Northern Ireland should establish links with the 
ongoing Ecological Budget UK Programme, which is 
being coordinated by the World Wide Fund for   
Nature UK.

• Discussions should be held between Environmental 
Policy Makers in Northern Ireland and the Republic of 
Ireland, with a view to an all-island Resource Flow 
Analysis and Ecological Footprint.

Data Recommendations
• ProdCom data should be made regional for the 

SIC categories 15-36 by ONS. The ProdCom 
methodology should be made clear and transparent.

• Import and export data should be made available for 
the materials flowing into and out of Northern Ireland,
for:
- Agriculture
- Forestry
- Metal ores 
- Mining and quarrying products

• Data should be recorded in mass or a transparent 
methodology established to enable conversion to mass.

• Data should be recorded for air, road, rail and sea 
freight entering and leaving the borders of Northern 
Ireland.

• Data on hidden flows associated with materials (both 
domestic and imported hidden flows) should be 
gathered in order to enable the calculation of the Total
Material Requirement for Northern Ireland and allow 
comparison with UK TMR and the TMR of other 
countries and regions.

• Data on water consumption – this was not available by
economic sector or SIC category – generation of data 
in this format would enable more effective 
measurement of the impacts of water consumption. 
Data is limited to household consumption and non 
household consumption. In addition there are no 
figures for private water extraction, only estimates 
provided by EHS.

• Data on electricity consumption – this was not 
available by economic sector or SIC category – 
generation of data in this format would enable more 
effective measurement of  impacts of consumption of 
electricity.

• Data on oil and gas consumption – this was not 
available by economic sector or SIC category – 
generation of data in this format would enable more 
effective measurement of  impacts of consumption of 
oil and gas.

• Food consumption data – eating out information was 
not included in the Northern Ireland National Food 
Survey. Food consumption is a major element of the 
ecological footprint and the inclusion of this data in 
the next survey would make a major contribution to 
improving data on food consumption.

• Land use data – the only information available was 
from DEFRA and is based on the agricultural and 
horticultural census of the UK. A land use database for
Northern Ireland should be developed.

• Air travel data – as the only area of the UK which is 
not part of mainland GB, Northern Ireland companies 
rely heavily on air travel to GB. Data is not currently 
available on travel between Northern Ireland and 
mainland GB. The measurement of the impacts of this 
travel would allow the development of targeted 
policies, for example facilitation and funding of ICT 
facilities, which support tele- conferencing, e-learning 
and knowledge-based industries. The European 
Commission, the Welsh Assembly Government and 
many other governments and regional assemblies are 
already developing such policies.
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ONS (2001) Product Sales and Trade: PRA 24140:Other Organic Basic Chemicals Office for National Statistics
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ONS (2001) Product Sales and Trade: PRA 24640:Photographic Chemical Material Office for National Statistics
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ONS (2001) Product Sales and Trade: PRA 25110:Rubber Tyres and Tubes Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 25120:Retreading & Rebuilding of Rubber Tyres Office for National Statistics
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ONS (2001) Product Sales and Trade: PRA 25230:Builders' Ware of Plastic Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 25240: Other Plastic Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26110:Flat Glass Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26120:Shaping and Processing of Flat Glass Office for National Statistics Glass
ONS (2001) Product Sales and Trade: PRA 26130:Hollow Glass Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26140:Glass Fibres Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26150:Manuf and Processing of Other Glass incl Technical Glassware Office
for National Statistics
ONS (2001) Product Sales and Trade: PRA 26210:Ceramic Household and Ornamental Articles Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 26220:Ceramic Sanitary Fixtures Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26230:Ceramic Insulators and Insulating Fittings Office for National Statistics
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ONS (2001) Product Sales and Trade: PRA 26240:Other Technical Ceramic Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26250:Other Ceramic Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26260:Refractory Ceramic Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26300:Ceramic Tiles and Flags Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26400:Bricks, Tiles and Construction Products in Baked Clay Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 26510:Cement Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26520:Lime Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26530:Plaster Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26610:Concrete Products For Construction Purposes Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 26620:Plaster Products for Construction Purposes Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26630:Ready Mixed Concrete Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26640:Mortars Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26650:Fibre Cement Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26660:Other articles of Concrete, Plaster and Cement Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 26700:Cutting, Shaping and Finishing of Stone Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26810:Abrasive Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 26820:Other Non-metallic Mineral Products nec Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27100: Manufacture of basic iron and steel and of ferro-alloys (ECSC)2 Office
for National Statistics
ONS (2001) Product Sales and Trade: PRA 27210:Cast Iron Tubes Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27220:Steel Tubes Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27310:Cold Drawing Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27320:Cold Rolling of Narrow Strip Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27330:Cold Forming or Folding Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27340:Wire Drawing Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27350:Other First Processing of Iron and Steel nec Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 27410:Precious Metals Production Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27420:Aluminium Production Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27430:Lead, Zinc and Tin Production Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27440:Copper Production Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27450:Other Non-ferrous Metal Production Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27510:Casting of Iron Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27520:Casting of Steel Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27530:Casting of Light Metals Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 27540:Casting of Other Non-ferrous Metals Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28110:Metal Structures & Parts of Structures Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28120:Builders' Carpentry and Joinery of Metal Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28210:Tanks, Reservoirs and Containers of Metal Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28220:Central Heating Radiators and Boilers Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28300:Steam Generators, except Central Heating Hot Water Boilers Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 28400:Forging, Pressing, Stamping and Roll Forming of Metal Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 28510:Treatment and Coating of Metals Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28520:General Mechanical Engineering Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28610:Cutlery Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28620:Tools Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28630:Locks and Hinges Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28720:Light Metal Packaging Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28730:Wire Products Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 28740:Fasteners, Screw Machine Products, Chain and Spring Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 28750:Other Fabricated Metal Products nec Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29110:Engines & Turbines, except Aircraft,vehicles & cycle engines Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 29121:Pumps Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29122:Compressors Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29130:Taps and Valves Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29140:Bearings, Gears,Gearing and Driving Elements Office for National
Statistics
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ONS (2001) Product Sales and Trade: PRA 29210:Furnaces and Furnace Burners Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29220:Lifting and Handling Equipment Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29230:Non-domestic Cooling and Ventilation Equipment Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 29240:Other General Purpose Machinery nec Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29310:Agricultural Tractors Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29320:Other Agricultural and Forestry Machinery Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29400:Machine Tools Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29510:Machinery for Metallurgy Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29521:Machinery for Mining Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29522:Earth-moving Equipment Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29523:Equipment for Concrete Crushing, and Screening and Roadworks
Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29530:Machinery for food, Beverage & Tobacco Processing Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 29540:Machinery for Textile, Apperel and Leather Production Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 29550:Machinery for Paper and Paperboard Production Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 29560:Other Special Purpose Machinery nec Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29600:Weapons and Ammunition Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29710:Electric Domestic Appliances Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 29720:Non-electric Domestic Appliances Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 30010:Office Machinery Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 30020:Computers and Other Information Processing Equipment Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 31100:Electric Motors, Generators and Transformers Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 31200:Electricity Distribution and Control Apparatus Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 31300:Insulated Wire and Cable Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 31400:Accumulators, Primary Cells and Batteries Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 31500:Lighting Equipment and Electric Lamps Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 31610:Electrical Equipment for Engines and Vehicles nec Office for National
Statistics
ONS (2001) Product Sales and Trade: PRA 31620:Other Electrical Equipment nec Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 32100:Electronic Valves and Tubes and Other Electronic Components Office
for National Statistics
ONS (2001) Product Sales and Trade: PRA 32201:Telegraph and Telephone Apparatus and Equipment Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 32202:Radio and Electronic Capital Goods Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 32300:Television and Radio Receivers, Sound or Video Recording etc Office
for National Statistics
ONS (2001) Product Sales and Trade: PRA 33100:Medical & Surgical Equipment and Orthopaedic Appliances Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 33200:Instruments & Appliances for measuring,checking, testing etc Office
for National Statistics
ONS (2001) Product Sales and Trade: PRA 33300:Industrial Process Control Equipment Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 33500:Watches and Clocks Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 34100:Motor Vehicles Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 34201:Bodies (coachwork) for Motor Vehicles (exc Caravans) Office for
National Statistics
ONS (2001) Product Sales and Trade: PRA 34202:Trailers and Semi-trailers Office for National Statistics
ONS (2001) Product Sales and Trade: PRA 34203:Caravans Office for National Statistics
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