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Foreword

The following report outlines a study that is one of the first of its kind in the UK. The study has attempted
to understand the total material requirement of the City of York and then establish the ecological footprint
associated with the consumption of these materials. This report has been designed to work on a number
of different levels. Firstly, the report is relevant to the City of York Council as an aid to the formulation
of local strategies relevant to environmental issues. Secondly, the report provides a detailed description
and assessment of the methodologies employed making it useful for other academics and practitioners
in the field of material flow analysis and ecological footprinting. Finally, the report acts a poignant
statement of the excessive resource consumption within developed countries.
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Executive Summary

1. In November 2001, the Stockholm Environment Institute at York (SEI-Y), based at the University
of York, initiated a study to measure the quantity of food and materials that the residents of York
consume annually and to determine the resultant ‘ecological footprint’ - a measure of the City of
York’s impact on the local and global environment. The study was funded by Norwich Union and
was produced as a contribution to the Energy Saving Trust’s ‘Planet York’ campaign and the City of
York’s Local Agenda 21 – Better Quality of Life Strategy.

2. This project sets out to determine the total material requirement of the City of York using a ‘Material
Flow Analysis’ and then to calculate the Ecological Footprint associated with the consumption of
these materials. Taken together, these indicators can provide a comprehensive framework for
understanding the various pathways that the City could take in order to move towards sustainability
as well as enabling the more effective communication of ideas about sustainable lifestyles to the
City’s residents.

3. The purpose of a material flow analysis (MFA) is to follow and quantify the flow of materials in a
defined situation and over a set period of time. The end products of the MFA for York are detailed
input-output tables showing the flow of all materials associated with non-industrial consumption
that entered and left the city during the year 2000. These materials include the weight of fuel (the
‘energy carriers’) required to produce the consumption items and bring them to York, to build
York’s infrastructure, to provide domestic heat and lighting, for personal transportation and so
forth. Also accounted for are the ‘hidden flows’ of materials that do not enter the economy for
example, the removal of overburden during mining or waste trimmings from forestry.

4. While MFA provides valuable information concerning the total throughput of materials within York,
the ecological footprint provides an understanding of the environmental pressures of these material
flows. It considers the amount of productive land and water ecosystems in hectares (ha) that York
requires to provide the goods and services that it consumes and to assimilate the wastes that it
produces. Some of this land will be found within York itself while the rest will be in other countries
and continents. The footprint includes the notional forest land area that would be required to sequester
the carbon from carbon dioxide (CO2) emissions (and emissions of other major greenhouse gases
(GHGs) converted into CO2 equivalents) due to fossil fuel combustion. The study focuses on energy
use; food, food packaging and food miles; housing, non-food consumables, waste, transport, water
supply and other infrastructure.

5. Within the domestic sector, York’s consumption of 48 different food/drink products is considered.
The analyses include the energy required to grow, harvest and process the food (i.e. the ‘embodied’
energy) and, for the Ecological Footprint, the land area required to grow the crops or rear the livestock.
Also included are the embodied energy of food packaging and the energy used to transport the food
from where it was produced to retail outlets. The food/food packaging waste stream is also considered.
This includes the energy used to transport the waste to landfill, the energy used to process the waste
on site and the methane emissions (as global warming potential in CO2 equivalents) resulting from
the anaerobic decomposition of the organic material in the landfill. To provide York with 92,500
tonnes of food/drink a total of 515,000 tonnes of materials was required, the majority of this being
fossil fuel energy carriers (over 300,000 tonnes). Over 100,000 tonnes comprise the associated
hidden flows. For every tonne of food consumed in York, 0.25 tonnes of packaging is required.
Most of this packaging is sent to landfill. On the output side, 22% of all food brought into York is
not eaten and ends up in the domestic waste stream. In 2000, York’s total ecological footprint for
food was 406,000 ha (2.26 ha per capita) which represents almost 1/3 of the total York footprint. The
majority of the ecological footprint for food is not the land area required to directly grow/rear the
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food, but the ‘energy land’ area required to sequester the GHG emissions (as CO2 equivalents) from
the embodied energy of the food and food packaging. The impacts of transportation and methane
production from landfill are relatively small in comparison.

6. The disposal of domestic solid waste at the Harewood Whin landfill site during 2000 amounted to
83,700 tonnes.  The ecological footprint of the energy required to collect the waste, transport it to
Harewood Whin, and to spread and compact it totalled 335 ha (or 0.002 ha per capita). Methane
(CH4) emissions from all decomposing organic matter (including food) in the landfilled domestic
waste amounted to 2,140 tonnes which is equivalent to an ecological footprint of 15,400 ha (0.085
ha). This footprint would have been much higher were it not for the fact that about 70% of CH4

emissions at the Harewood Whin site is recovered and used to generate ‘green’ electricity.

7. The energy land saved by recycling York’s food packaging is accounted for in the food ecological
footprint. However, substantial quantities of two other categories of York’s domestic waste are also
recycled i.e. paper/card and ferrous metals. The ecological footprint for energy used in transporting
and recycling York’s domestic paper/card (2,590 tonnes) and metal waste (505 tonnes) (excluding
paper/card and metal food packaging) amounted to a total of 2,950 ha or 0.016 ha per person.
However, much more energy (accounting for a much larger ecological footprint) would have been
required to make these products from virgin materials.

8. Composting green waste can make a contribution towards sustainability. In 2000, 3,570 tonnes of
domestic green waste were taken by York residents to the Foss Islands Road or Towthorpe waste
depots and then transported to Harewood Whin for composting. The ecological footprint for the
energy used to transport the green waste to the composting facility, for returning the completed
compost to the depots and for operating the shredder and screener at the composting facility was
only 21 ha (0.00012 per capita). This is a very small ecological footprint compared with the 604 ha
it would have been responsible for had it gone to landfill where it would have decomposed to release
methane.

9. Direct domestic energy consumption by York’s households amounted to 2,210 GWh (gigawatt-
hours) during 2000 and this required a total of 31,600 tonnes of fossil fuel (including the fuel
required to produce the electricity). An additional 45,800 tonnes of hidden flows were associated
with the provision of this fuel. The ecological footprint of this energy use was 188,000 ha (1.05 ha
per capita). Energy is also required to abstract water from the river, to treat it (filtration, chlorination
etc.) and then to pump it to the end consumer. In York, each household requires 168 litres of water
a day. The total ecological footprint for supplying this water is relatively small (681 ha total, 0.0038
ha per capita) as it takes very little energy to provide households with all their water requirements.

10. Passenger transport accounts for a significant part of York’s MFA and ecological footprint. In
2000, York residents purchased 5,965 new cars representing an input of over 6,000 tonnes of material
into York. However, this figure does not represent the total amount of material required, as the
hidden flows were over 10 times this amount (almost 65,000 tonnes). On the output side, 700 cars in
York were disposed of in 2000 weighing a total of 770 tonnes. The ecological footprint of passenger
transport accounts for the ‘energy land’ (due to emissions of GHGs during fuel combustion, vehicle
manufacture and subsequent maintenance) as well as the direct land-use (e.g. road space, car parks).
A total of 11,800 tonnes of fuel is required by passenger transport in York producing over 36,000
tonnes of CO2 emissions. The average person in York travelled 10,600 km in 2000 of which 9,200
km were undertaken by car. The total ecological footprint for passenger transport in York was
105,000 ha (0.58 ha per capita) of which 97,600 ha (0.54 ha per capita) was due to cars.

11. In 2000, nearly 100,000 new electrical and electronic items, weighing 1,370 tonnes, were bought
by York’s residents. This represents a total of nearly 74,000 tonnes of material when energy carriers
and hidden flows are included. One in every twenty-five people purchased a new mobile phone and
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20% of households purchased a digital decoder. On the output side, nearly 1,500 tonnes of domestic
waste is generated from this consumption of which the majority is disposed of to landfill. During
2000, the ecological footprint of energy required to produce the electrical and electronic equipment
consumed in York was 12,800 ha (0.07 ha per capita).

12. The study included an analysis of a range of (non-food) consumable domestic items i.e. newspapers,
card, paper, nappies, batteries and clothes. In 2000, York residents consumed 32,000 tonnes of these
items. When energy carriers and hidden flows are included, this represents a total of over 154,000
tonnes of material. The ecological footprint for this consumption was 124,000 ha (0.69 ha per capita)
which is larger than the footprint for York’s passenger transport.

13. In 2000, 7 km of new roads were built in York and 32.2 km of road and 65 km of footpath were re-
surfaced. Over 1,000,000 tonnes of new materials were required for this road/footpath construction
and resurfacing. When the hidden flows and energy carriers (diesel oil) and are included, this
represents a total material requirement of 1,330,000 tonnes; equivalent to 7.4 tonnes per York resident.
The total ecological footprint of York’s roads and footpaths is 24,500 ha (0.14 ha per capita). While
the material flows associated with road construction are extremely high the ecological footprint is
relatively low. This is due to the durability and low embodied energy of materials used in road
construction.

14. As for the domestic sector, data on waste production were used to estimate the weight of consumable
items used by York’s commercial and public sectors during 2000. Of the 79,200 tonnes consumed
61,000 tonnes were disposed of to landfill. The total material requirement of the commercial/public
sector was 488,000 tonnes including energy carriers and hidden flows. The total ecological footprint
of the commercial/public sector was 161,000 ha. This is equivalent to nearly 1 hectare per York
resident and represents a greater impact than household waste production. Most of the impact of this
consumption is due to the embodied energy of the paper and card. The ecological footprint of paper
and card (134,000 ha) is greater than that for total direct energy consumption in commercial/public
sector over the same period.

15. The demand for housing in York has been rising at a significant rate over the last 10 years. In 2000,
750 new houses were built in York requiring over 350,000 tonnes of building materials. When
hidden flows from quarrying and energy carriers are included, this represents a total material flow
of 650,000 tonnes. At the same time, 161,000 tonnes of construction waste were generated of which
40,300 tonnes were recycled with the rest (75%) going to landfill. Because more materials are used
in the construction of larger houses they produce a greater ecological footprint; 2.17 ha on average
for a semi-detached or detached house compared with only 1.65 ha for a terraced house. The total
ecological footprint for York’s housing in 2000 was 120,000 ha (0.67 ha per capita).

16. In 2000, the total material requirement for York was 3,387,000 tonnes; an average of 18.8 tonnes
for each York resident. Just under a half of this was the actual material that entered the city, the rest
being either energy carriers (579,000 tonnes) or hidden flows (1,231,000 tonnes). The majority of
the material flows into York are due to construction of both houses and roads (approximately 67%).
The stock of materials in York increased by over 1 million tonnes. On the output side, over 250,000
tonnes of materials left York and were disposed of to landfill and nearly 70,000 tonnes were recycled.
Over 4.5 million tonnes of greenhouse gases were produced. For material consumption, the per
capita result for York (8.77 tonnes) is similar to the UK average (8.29 tonnes) given in the
government’s national accounts. This suggests that the regionally-specific methodology employed
in this study has successfully captured the consumption of York residents. However, the York study
seems to have underestimated the flows of both fossil fuel carriers and hidden flows (respectively,
30% and 35% less than the UK average). Further research may be required to continue the refinement
of the regional methodology.
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17. The total ecological footprint of York is 1,254,600 ha representing an average per capita footprint
of 6.98 ha. York’s ecological footprint is 46 times the land area of greater York - nearly the same
size as the total area of the North Yorkshire Moors National Park. Of course, this land is actually
located in various countries around the world, as well as in other parts of the UK, and includes the
notional ‘energy land’ which would be required to sequester (absorb) an amount of carbon equivalent
to the CO2 emissions. York’s ecological footprint is not directly comparable with the results of other
ecological footprint projects because of the inclusion of methane emissions from landfill, and a
more detailed analyses of food and buildings/ infrastructure. Taking these factors into account means
that the York ecological footprint of 6.98 ha per capita actually represents only a slightly higher
impact than the reported UK average (6.3 ha per capita). When compared with the fair Earthshare
(which is 2 ha each) York’s ecological footprint would have to be reduced by 71% in order to
approach sustainability. The largest contribution to York’s ecological footprint comes from the
consumption of food (33%) followed by other consumer goods (24%), direct energy (21%),
infrastructure (13%) and transport (9%).

18. A major part of the ecological footprint methodology is concerned with carbon dioxide emissions
from energy use. The analysis is therefore significant in the context of the UK Government’s
domestic goal of cutting the UK’s CO2 emissions to 20% below 1990 levels by 2010. In the York
study, CO2 emissions for the transport, domestic and commercial/public service sectors have been
calculated in the same way as the UK Government method giving similar results on a per capita
basis. However, for industry, the York figure represent the total amount of CO2 emitted to provide
York with all its consumption items (wherever they were manufactured) rather than the direct
industrial CO2 emissions (from factories, quarrying/mining operations and so forth) reported by the
Government. Thus, the per capita industrial CO2 emissions for York are 7.5 tonnes compared with
only 2.5 tonnes reported for the UK by traditional methods. The reason for this is not that York has
a massive industrial base, but because the York figure represents the total CO2 emissions from
consumption, wherever the items were originally produced. The total CO2 emissions for the UK
would be about 35 percent higher if they were calculated on the same basis. Therefore, under the
currently accepted method, it is possible for the UK to appear to reduce CO2 emissions simply by
importing more goods (and manufacturing less) so handing over the burden of environmental impact
to other, often less-developed, countries. Under the method employed for York, the responsibility is
firmly placed with the consumer. An accounting system based on consumption, be it a material flow
analysis, a measure of the CO2 emissions of consumption or the ecological footprint, provides a
more robust measure of sustainability which includes an acceptance of environmental impacts
wherever they may occur.

19. Scenarios are presented, with projections for the year 2010, in order to highlight the potential
effectiveness of future policy options in reducing both the material flow and ecological footprint of
York. These have been developed for domestic waste and domestic energy consumption which
together represent a significant impact. The scenarios are based around the two central themes of
‘efficiency’ and ‘sufficiency’. In this context efficiency can be described as ‘doing things right’ (i.e.
more efficient use of resources) and sufficiency as ‘doing the right thing’ (stabilising or reducing
consumption).

20. Several energy scenarios are described to illustrate the likely effects of implementing various
efficiency and sufficiency measures on York’s ecological footprint for the year 2010. Domestic
lighting consumes a significant amount of energy in York accounting for an ecological footprint of
11,900 ha (0.07 ha per capita). Electricity consumption by domestic lighting is projected to rise
15% by 2010. Compact fluorescent lights (CFLs) are 5 times more efficient than GLS (incandescent)
bulbs and the four lighting efficiency scenarios assume various levels of GLS bulb replacement
with CFL bulbs. If nothing further is done in York to promote the use of CFL bulbs (and had the
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Planet York campaign not been undertaken), the ecological footprint would increase 1,560 ha by
2010. Assuming the Planet York campaign achieves a 30% CFL bulb composition by 2010, the
increase in the ecological footprint will be reduced to 763 ha.  Achieving a 36% target for CFL bulb
composition would result in no change in the ecological footprint by 2010 (due to the 15% increased
usage). Finally, the 50% target would bring about a reduction of 1,793 ha in the ecological footprint
of domestic lighting in 2010. With the likely occurrence of milder winters and increases in the
efficiency of boilers, the domestic space heating and water heating ‘business-as-usual’ scenario
suggests that the ecological footprint of heating will remain the same by 2010 if no further measures
are taken. In contrast to lighting, there are many methods available for increasing the efficiency of
space heating and water heating including highly efficient condensing boilers, various types of
insulation and double-glazing. The space heating and water heating ‘efficiency’ scenario assumes
that by 2010, 80% of York’s houses will have double-glazing and draft stripping and 50% of houses
will have boilers which are more than 84% efficient. This would bring about a reduction of 7,200
hectares in the ecological footprint representing a 30% reduction in the footprint for heating and hot
water. Taken together, the most efficient lighting target for 2010 and the space heating and water
heating ‘efficiency’ scenario projections would reduce York’s ecological footprint by 9,000 ha.

21. The most effective method of reducing energy consumption is not to use so much in the first place.
For the energy ‘sufficiency’ scenario it is assumed that 50% of houses in York reduce their thermostat
setting by 2oC, 90% do not use the stand-by function on the TV, there is a 20% increase in the use of
showers rather than baths, and that 90% of houses turn off lights when not in the room. These
sufficiency measures would reduce York’s footprint by 7,410 ha. Therefore, with these scenario
assumptions, sufficiency measures are almost as effective as efficiency measures. The sufficiency
and efficiency measures combined could bring about a substantial (16,400 ha) reduction in York’s
ecological footprint by 2010 representing 21 percent less total domestic energy consumption than
with the business-as-usual scenario. If such a reduction were achieved, it would take York far beyond
the Kyoto target.

22. The waste scenarios provide an insight into both efficiency and sufficiency measures to reduce the
ecological footprint of waste. ‘Efficiency measures’ include recycling and composting while
‘sufficiency measures’ include the introduction of waste minimisation schemes. Under the ‘business-
as-usual’ waste scenario (assuming an increase in the tonnage of domestic waste of 3% per year),
by 2010 the ecological footprint for domestic waste will rise by 67,700 ha. This is an increase from
1.1 ha per person to 1.5 ha per person. This demonstrates that current waste policies will not be able
to cope with the increase in waste generation. The ‘curb-side collection recycling’ scenario assumes
a curb-side collection scheme is introduced that covers all York households. Under this scenario,
the ecological footprint is still projected to increase (4,787 ha more in 2010 than in 2000) but this is
63,000 ha less than under the ‘business-as-usual’ scenario. The ‘curb-side collection including
green waste’ scenario includes a household composting scheme in addition to the curb-side collection
recycling scheme described above. Compared with the curb-side collection only scenario, the further
reduction in ecological footprint achieved by the composting scheme would be minimal with the
waste footprint is still projected to be 2,100 ha more in 2010 than it was in 2000. The reason for this
is the successful installation of a methane recovery facility at the landfill site without which the
ecological footprint for landfilled organic material would have been more substantial. Thus it is
demonstrated that efficiency measures alone are unlikely to bring about a reduction in the ecological
footprint of waste by 2010, compared with 2000, if the current rate of increase in the volume of
waste being generated is maintained.

23. The final ‘combined efficiency and sufficiency’ waste scenario demonstrates what can be achieved
when efficient recycling and composting are combined with a waste minimisation strategy. The
main assumption of this scenario is that current consumption trends will continue until 2004 causing
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a growth of 3% in the volume of domestic waste each year. Then from 2004, growth in the volume
of waste will be reduced by 0.5% a year stabilising at zero by 2010. In this scenario, the precise
means by which this growth can be halted are not elaborated. Instead, a range of possible waste
minimisation ideas is presented which, for example, would be suitable for incorporation into public
education campaigns.  Also, the possible benefits of schemes whereby households pay for waste
collection by the weight of their dustbins are discussed. In Ontario, Canada, the introduction of such
a scheme reduced the flow of waste to landfill by 42% in one year. The result of combining efficiency
(recycling and composting) with sufficiency (waste minimisation) in this scenario is, by 2010, to
bring about a 10% reduction in the ecological footprint of domestic waste compared with 2000. This
is equivalent to achieving a footprint of just under 1 ha for each York resident compared with the
current value of 1.09 ha.

24. Conclusions: Although York’s material requirements and its ecological footprint are only marginally
higher than the UK average, the fact that on average, each York resident requires nearly 19 tonnes of
materials per year and has an ecological footprint 70% higher than their fair Earthshare does give
cause for concern. Moreover, within certain sectors further increases in York’s material flow and
ecological footprint are projected for 2010 if no further action is taken. The scenario analyses
demonstrate that both a reduction in the consumption of materials and energy (sufficiency) and a
greater degree of efficiency in the use of resources are required in order to move towards sustainability.
This study has demonstrated the ability of material flow analysis (MFA) and the ecological footprint
to generate useful indicators for sustainable development. As policy tools, both methodologies are
scientifically robust enough to guide decision-makers in choosing the best options for sustainability
e.g. through scenario analysis. Lastly, this study has demonstrated that it is possible to develop a
regionally-specific approach to MFA and ecological footprinting. While this study has not defined
a definitive approach that can be applied to all regions and cities in the UK, it has contributed to a
growing area of research that is attempting to understand and quantify the impact of material
consumption on the local and global environment.
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1 York and its Ecological Footprint

1.1 Introduction

The sustainable development of society implies an improving quality of life for everyone now and in
the future without degrading or using up the earth’s resources. One of the basic tenets of sustainable
development is having regard for future generations – ensuring adequate resources are left for their
needs and that irresolvable environmental problems are avoided. One of the greatest challenges to the
successful implementation of sustainable development is to change the present unsustainable trend in
the consumption of resources and the associated production of waste. The first step towards meeting
this challenge is to measure the rate of resource consumption and the amount of waste production by
human activity and to assess their impacts on the environment’s capacity to provide the natural resources
and assimilate the waste products.

The aim of this study is to measure the ‘material flow’ of resources such as minerals, metals, wood,
food, water and fossil fuels (e.g. coal, oil and gas) that the residents of York consume individually and
collectively and to determine the environmental impact of the City of York in terms of its ‘ecological
footprint’. In calculating the ecological footprint of York it is possible to determine the amount of the
land that York requires to provide it with natural resources in order to undertake certain activities and to
absorb all the waste and emissions that are produced by the city. Some of the land required by the City
of York will be found within its geographical boundaries, while the rest of the land will be in other
regions of Britain, other European countries and even other continents. By calculating the ecological
footprint of York it becomes possible to determine to what extent York is environmentally sustainable
and what needs to be done in order for York and its residents to achieve a more equitable and sustainable
use of natural resources.

1.2 The Changing Footprint of York

Like many other cities in the UK, the ecological footprint of York has increased on a per capita basis
over time. A high level of industrial and economic development, international trade and more energy
intensive practices have steadily increased York’s impact on the environment.

The Romans founded Eboracum approximately 2,000 year ago when they conquered the Celtic
tribes that had established a camp on the site of modern day York. By the fourth century, Eboracum was
the capital of lower Britain and in the seventh century it was the chief city of the Anglo-Saxon King
Edwin of Northumbria and became known as Eoferwic. Two centuries later it became an important
trading centre for the Vikings and was renamed Jorvik.

Although the city was ravaged by William the Conqueror, by the Middle Ages it became once again
an important commercial centre. In the 16th and 17th centuries Tudor and Stuart kings were among its
visitors, in Georgian times it was the social capital of the north and in the 19th century the coming of the
railway allowed it contribute to the industrial revolution that was taking place within the region at the
time.

The Celtic camp on which the Romans built their fortress, Eboracum, after conquering the Brigantes
would have had a low ecological footprint. Food would have been provided locally from basic agriculture
and hunting wild game. Consumption would have been aimed at meeting basic needs such as food,
shelter and warmth.
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The arrival of the Romans and the construction of new roads allowed a civilian town to grow up
outside the fortress walls. The status of Eboracum as a main city of the Roman Empire would have been
reflected in the size of the population and the activities that would have been undertake in ensuring that
the Romans were kept in a lifestyle to which they had become accustomed. This would have gone
beyond meeting basic needs to more luxurious practices for which the Romans were first to introduce.

From the Romans and Vikings to modern day York, the city has moved from sustainable, low-
energy intensive practices and locally produced goods to more energy-intensive and internationally
produced goods and services that in the long term are environmentally unsustainable.

1.3 Thinking Globally, Acting Locally

Environmental policy is moving away from focusing solely on end-of-pipe solutions such as dealing
with motor vehicle pollution by introducing new technology in the form of the catalytic converter. The
focus is now on identifying the primary cause of environmental problems and this often returns to the
issue of consumption and production of goods and services.

The City of York not only has a responsibility for its own environmental problems but is responsible
for contributing and causing environmental problems on an international level. The production of clothes
and food all have an impact on the environment outside of York. The goods and services that the
residents of York consume in order to achieve a relatively high standard of living contribute to polluting
emissions in most countries of the world. It is no longer acceptable to consider only the impact on the
immediate environment; it is necessary to think on a global level if the concept of global sustainability
is to be fully embraced. The ecological footprint provides a method for placing the environmental
impact of York’s residents in a global context.

The concept of sustainable development has important implications for the use of natural resources.
For example, the waste products from excessive use of natural resources can disrupt many important
natural systems e.g. high levels of carbon dioxide in the atmosphere contribute to global climate change.
Also, where natural resources are limited, the sustainable development requirement for an improving
quality of life for all implies that what is currently available should be shared out more evenly throughout
the population of the world. At present both of these implications are partly, if not wholly, ignored.

For many years, economic growth has been advocated as the primary means to achieve societal
well-being. Some economists1 have argued that economic growth has been a success and that in general,
people have never been wealthier, healthier or lived longer than their ancestors. As a result, people have
been able to utilise their acquired knowledge, innovation and entrepreneurial skills to further increase
well-being and to overcome many of the associated environmental problems. The general assumption
has been that economic growth is good for the environment because of the relationship between income
and some measures of improved environmental quality.

However, this relationship does not take into account the consequences of depleting finite natural
resources or overburdening and degrading natural systems with the waste products of their use. In
essence, economic evaluation tends to ignore the biological and physical limits of the planet.2 Over the
past fifty years there has been an eleven-fold increase in world trade and a five-fold increase in economic

1 Lecomber, 1979; Harrison, 1992; Simon, 1994 and Simon and Khan, 1998
2 Daly, 1992 The economic growth debate: what some economists have learnt but but have not. Eds Markandya,

A, and Richardson, J. Environmental economics. London, Earthscan. pp36-49.
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development; however, poverty, unemployment and environmental damage have also increased. 3 In
reality, only a small proportion of the global population have attained prosperity whilst the remainder
endure the negative by-products of development – global warming, deforestation, soil erosion, resource
depletion, displacement, poverty and inequality.

This study attempts to calculate the natural resource requirements of the City of York by understanding
the percentage of the earth’s resources that York requires to function.

1.4 The Benefits of Understanding the Ecological Footprint of
York

An increase in the use of natural resources will always result in an increase in the impact on the
environment. Indicators of the flow of materials within a city can be used to determine whether the
overall resource throughput is rising or falling and whether national economies are becoming more or
less efficient in their use of resources.

Calculating the ecological footprint of the City of York can provide a useful input to the policy
making process of the City of York Council. This study provides a comprehensive framework for
understanding the various pathways that the City could take in order to move towards sustainability.
The results of this study can play a key role in communicating the idea of a more sustainable lifestyle to
the residents of the city. While a tonne of carbon dioxide (CO2) may seem an arbitrary figure to many,
informing York residents of the land they need to provide them with the resources to support their
lifestyles provides a more tangible illustration of their environmental impact.

 The type of resource-intensive production that is commonplace in developed countries probably
cannot be replicated in a large number of other countries simply because there are not enough resources
available. Therefore, this study indicates York’s contribution to ecological impact across the world as
opposed to focusing simply on the immediate impact of York itself.

Progress toward environmentally sustainable industrial economies clearly requires reducing the
volume of material and the amounts of energy currently required. This is a significant change in the
focus of environmental policy. Environmental policy must now address the issues of consumption and
production rather than focus solely on dealing with the waste and pollution created by consumption and
production patterns. This study demonstrates how York can make this shift in policy by providing the
data and analysis that are required.

A range of environmental policies (e.g. climate change and waste management) require data on
flows of specific materials.4 Material flow analysis and the ecological footprint have a number of
advantages for policymaking and can contribute to:

1 indicators - by providing information that is relevant to the City of York, indicators for sustainability
and “Best Value” indicators;

1 the relative success of past policy - by providing an insight into how key policy decisions have
reduced the ecological impact of York residents;

1 waste and recycling - by outlining the impact of waste generation and the role that recycling can
play in reducing this impact;

3 Goldsmith, E. 1997. Can the environment survive the global economy?  The Ecologist. Vol 27. No 6. London.
pp242-248. Brown, L.R.; Flavin, C. & French, H. 1998. State of the World 1998. London, Earthscan. p3.

4 Eurostat (2000) Economy-wide Material Flow Accounts and Balances with derived resource use indicators:
A Methodological Guide, Eurostat.
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1 overall sustainability policy - by providing a final aggregated measure of environmental impact
that can be compared with national performance;

1 eco-efficiency measures - by highlighting the potential contribution that “eco-efficiency” can
contribute to a reduction in environmental impact;

1 success of potential schemes - by evaluating past policies, scenarios have been developed  that
indicate the potential for success of future policies;

1 calculation of greenhouse gas emissions - by providing the  total amount of greenhouse gas emissions
produced by York residents and comparing the figures with global and national averages;

1 the identification of potential economic markets within York - by providing an analysis of local
consumption and production and identifying future localised markets that could both reduce the
ecological impact and improve the quality of life of York residents;

1 comparison of different issues and sectors  - by allowing the comparison of various components
on the same scale, for example the impact of passenger transport with waste generation;

1 informed lifestyle choices - by providing information which can be used as a communication and
awareness-raising tool for environmental issues.

1.5 Addressing Key Questions of Resource Consumption

While this study focuses on York, important theoretical and policy-related questions are addressed. The
issues that are to be considered have been outlined below in the form of four key questions that the study
has considered.

Question 1: Is a reduction in resource consumption required to achieve a more equitable world

between the developed and developing countries?

The 1987 report of the World Commission on Environment and Development (WCED)5 demonstrated
that the problems of bio-physical limits and social injustice have, in the past, been addressed by facilitating
economic expansion. There is increasing evidence that the world may already be effectively ‘full’ due
the constant reliance on economic development.6 Wackernagel et al 7 suggests that human appropriation
exceed nature’s supply by 35 per cent. In other words, a 35 per cent larger planet Earth is required in
order to accommodate the current material flows through the economy in a sustainable manner. Even
when the consumption of the richest 20 per cent of the world population is considered this translates to
an ecological footprint larger than the global carrying capacity. There is growing support for the suggestion
that the rest of the world cannot imitate such a level of resource consumption.

Question 2: Is it possible to decouple the economy from resource consumption?

The UK has become more efficient in its use of resources compared with the rise in its Gross
Domestic Product (GDP). However, the overall use of resources has still continued to increase. The idea
of resource productivity is seen by many (particularly governments) as the answer to obtaining continual
economic growth and to solving environmental problems. This idea does not radically impinge on the

5 World Commission on Environment and Development. 1987. Our Common Future. Oxford. Oxford University
Press.

6 Goodland R. (1991) Why Northern Income Growth is not the Solution to Southern Poverty, Ecological
Economics, Vol.8, No.2, 85-101.

7 Wackernagel M., 2000. Living Planet Report 2000, World Wildlife Fund for Nature.



5

overall dominant world philosophy of economic growth and gives developed countries the opportunity
to continue consuming at present or even increased rates. This is why the idea sits so comfortably with
western governments; continue consuming but do it more efficiently. This fails to take into account the
fact that increased levels of consumption continue to outpace any improvements made in efficiency.

The efficiency perspective, if it is to become meaningful, must be embedded in a broader sufficiency
perspective. The transition towards sustainability can be achieved only through a twin-track strategy:
‘an intelligent reinvention of means as well as a prudent moderation of ends’.8 Moreover, the twin-track
approach makes the transition to sustainability easier because the pressure of high efficiency of means
is softened when certain levels of sufficiency in goals are socially accepted.

Herman Daly provides an insightful example of this:9

‘Even if a cargo on a boat is distributed efficicently, the boat will inevitably sink under too
much weight, even though it may sink optimally.’

Question 3: As industrial economies become more efficient in their use of resources why is

the volume of waste still increasing?

While efficiency may have increased so has the overall level of resource consumption. In 1970, the
total material requirement (TMR) of the UK was 1,870 million tonnes and in 1999 this had increased to
2,098 million tonnes – an increase of 0.25 tonnes per capita between 1970 and 1999. Although the UK
can avoid experiencing the direct impact of environmental pollution caused by industrial production, by
importing goods, it is not possible to ignore the resulting amount of waste as an end product of
consumption. The total amount of waste produced provides a clear indicator of the total consumption of
a population. Therefore, if consumption levels increase so will levels of waste production – a phenomenon
that is being experienced in every region of the UK.

Question 4: What does it take to produce the goods and services that underpin our lives?

In essence, it is important to determine the material requirements of lifestyle choices and understand
their subsequent impact. Therefore the focus of policy should be on reducing the total throughput of
materials that enter the economy, while maintaining a good quality of life for all. Although there are
many interpretations of sustainable development, there is one underlying message: maintain the volume
of human extraction/emission in balance with the regenerative capacities of nature. It also provides an
opportunity to consider the important factor of social justice.

1.6 Structure of the Report

This study attempts to answer the above four key questions in the context of York by employing both
material flow analysis and the ecological footprint. It outlines priorities for environmental policy through
the use of scientifically valid and rigorous tools. This study assesses how far resource efficiency can go
in achieving a more sustainable York.

The report has been structured based on the impact of the domestic, commercial and public sectors.
These sections have been further divided into key policy areas including:

1 Food

1 Consumption and waste generation

8 Sachs W. (1999) Planet Dialectics, Zed Books, New York.
9 Daly H. & Cobb J. (1990) For the Common Good, Greenprint Press, London.
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1 Housing

1 Transport

1 Energy

Chapter 2 explains the methodologies employed in the study. However, details of the individual
calculations are given in Chapters 3 and 4. Chapter 5 explores the overall impact of York, providing the
final results of the material flow analysis and ecological footprint for York. This Chapter also provides
an estimate of the total CO2 emissions for York, including the CO2 emissions ‘by proxy’ due to imported
goods. Indicators for monitoring future sustainability are also developed from this research. Chapter 6
gives details of the scenarios that have been developed for York including a detailed scenario of the
domestic waste sector and direct domestic energy consumption. Policy suggestions have also been
included. Finally, the four key questions presented in Section 1.5 above are addressed.
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2 Methodology: Material Flow Analysis and the
Ecological Footprint

2.1 Introduction

The recycling of domestic waste, the use of public transport and reducing domestic energy consumption
have all been promoted as sustainable practices that reduce the impact on the environment. However,
while all these activities will probably help a given population to live more sustainably it is still not
known which of these activities would be the most effective in reducing environmental impact.

In order to determine which activities in York are responsible for the largest environmental impacts
and whether or not the situation is improving, tools to measure various aspects of sustainability are
required. To place sustainability in concrete terms it is important to understand the effectiveness of
different lifestyle choices and policy decisions. Quantifying a given population’s rate of consumption
of natural resources and energy and the impacts of this consumption on natural systems provides measures
of sustainability. If sustainability is to be achieved in practice then it is necessary to compare and
contrast alternative strategies and to identify those initiatives that are truly sustainable.

The aim of this chapter to outline in detail the two tools that have been used in this study to calculate
the environmental impact of the City of York: material flow analysis and ecological footprinting.

2.2 Tools for Understanding the Consequences of
Consumption

The ‘industrial ecosystem’ consists of the production, distribution and consumption of goods and services
including the utilisation of primary energy and the final waste disposal. The material requirements of
industrial societies go far beyond meeting basic needs such as food, shelter and warmth. 1 Material
resources extracted from the environment are processed in various ways to provide goods and services
within the economy before being returned to the environment as emissions and waste.

This pattern of consumption has been referred to as the ‘industrial metabolism’.2 The system that
operates in industrial economies can be described as being a linear metabolism. Figure 2.1 presents a
graphical representation of a linear metabolism which consists of inputs into the industrial economy
such as food, fuel, products and outputs of liquid, solid waste and waste gases. Girardet 3 argues that this
linear model of production, consumption and disposal undermines the overall ecological viability of
urban systems. The linear metabolism is responsible for generating polluting air emissions including
CO2 which is the main greenhouse gas contributing to global climate change.

The larger the volume of material that flows through the economy, the greater the environmental
impact simply because the outputs will increase. This statement is confirmed when considering the
second law of thermodynamics. Within a closed system the total mass is constant and while there may
be the movement of mass it cannot be created or destroyed.

1 Jackson, T (1996). Material Concerns: Pollution, Profit and Quality of Life, Routledge.
2 Berkhout F. (1999) Industrial Metabolism – Concept and Implications for Statistics, EUROSTAT Working

Papers 2/1999/B/4.
3 Girardet H. (1999) Creating Sustainable Cities, Schumacher Briefings 2.
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Figure 2.1 The linear metabolism of industrial society

Central to this approach is the implicit understanding of the inter-relationships between industrial and
natural systems. It is a systems approach to understanding what happens to the materials consumed
from extraction to disposal. Therefore a tool for sustainability must be able to combine all these stages
of the industrial metabolism and must be able to measure the flow of materials.

2.3 Material Flow Analysis

The purpose of a material flow analysis (MFA) is to follow and quantify the flow of materials in a
defined situation and over a set period of time.4 This study provides an insight into the potential of MFA
for monitoring progress towards ecological sustainability. MFA is a necessary pre-requisite to
operationalise the concept of sustainability and to support the effective planning and management of
natural resources.5 The end product of the MFA will be a detailed input-output table for York showing
all materials that enter and leave the city.

2.3.1 Defining the scope of the study

This study of York provides a comprehensive description of material flows between the environment
and economy as well as within the economy (production and consumption), distinguishing not only
categories of materials but also branches of production.6 The framework used within this study is consistent
with the methodology adopted by Eurostat and Mass Balance UK (Royal Society for Nature
Conservation). The approach adopted will allow a comparative analysis with other studies.

UK national accounts detail the activities and transactions of producer and consumer units that are
undertaken within the economic territory of the UK. However, some relevant activities or transactions
may occur outside the UK economic territory. This study considers consumption of producer and
consumer units wherever they may be, as opposed to only UK based production and consumption units.

Furthermore, for physical accounts (material or natural resources) to be consistent with the national
accounts (money) means the application of the residence (rather than territory) principle.7 Not only are

4 USGS (1998). Materials Flow and Sustainability. USGS Fact sheet FS-068-98.
5 Brinqezu C. et al (1995) Indicating environmental pressure for national economies and industrial sector on

the basis of integrated economic and environmental accounting.
6 Eurostat (2000). ibid.
7 Eurostat (2000). ibid.
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material flows quantified but the energetic flows are also accounted for. The structure of the MFA is
divided into material inputs, additional stocks and outputs.

2.3.2 Material inputs

Material inputs refer to the extraction or movement of natural resources by humans.8 Four main categories
of inputs have been defined:

1. Abiotic – fossil fuels, minerals, ores

2. Biotic – cork, fibres, plant, rubber, wood

3. Water

4. Secondary – ashes, gypsum, slags

Data were collected according to a classification system presented in Table 2.1 that provided a
simple method to standardise data sources. Material consumption covers a number of levels ranging
from the mineral composition of basic materials to manufactured materials and then to manufactured
products. The MFA of York has considered all these important aspects. For example, the tonnage of
glass consumed in York is considered as well as the abiotic minerals (sand) and fossil fuel (e.g. coal, oil
products, natural gas) used to make the glass.

Table 2.1 Material Classification

8 Eurostat (2000). ibid.
9 Bringez Paintsu S. and Schutz H. (1998) Material Flow Accounts: Part II: Construction Materials, Packaging,

Indicators.

BASIC MATERIALS 

 

MANUFACTURED MATERIALS 

 

MANUFACTURED PRODUCTS 

 

Abiotic Natural Stones Buildings 

…Ores Concrete …Offices 

…Minerals Mortar …Houses 

…Fossil Energy Composition floor   

 Glass Roads 

Biotic Paints Installation equipment 

…Wood Ceramics Pylons 

…Cork Textiles Bridges 

…Rubber Insulation materials  

…Plant fibres 

…Food 

Bitumen Electrical equipment 

 Iron and Steel  

Water Non-ferrous metals Food products 

 Paper products  

Secondary Wood Furniture 

…Slags Plastics  

…Ashes Cement Packaging 

…Gypsum Lime  

 Rubber  

             Source: Adapted from Bringezu and Schultz (1998)9
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Secondary materials have been calculated by considering the ‘hidden flow’ of materials. This is the
portion of the total material requirements that never enter the economy. Hidden flows occur at the
extraction or harvesting stage, for example, when coal is being mined (e.g. overburden) or forests are
being cut down (waste trimmings). The hidden material flow comprises two components: ancillary
flows and excavated and/or disturbed flows. Ancillary material flow is the material that must be removed
from the natural environment in order to obtain the desired material. Examples of ancillary material
flows include:

1 the portion of an ore that is processed and discarded to concentrate the ore; and

1 the plant and forest biomass that is removed from the land along with the logs and grain but is later
separated from the desired material before further processing.

Excavated and/or disturbed material flows are materials that are moved or disturbed to obtain a natural
resource or to create and maintain infrastructure. Disturbed material flows include:

1 the natural materials that must be removed to permit access to an ore body;

1 the soil erosion from agriculture; and

1 the material moved in the construction of infrastructure such as a highway or building or in the
dredging of harbours and canals.

For the purposes of physical accounting – in system terminology – hidden flows represent a simultaneous
input and output. Each item of material consumption has an associated hidden flow. Within this study,
the hidden flow of most items has been considered. Table 2.2 provides a list of the key materials for
which hidden flows were calculated and the factors used to calculate the total material requirements.

Table 2.2 The total tonnage of materials required (including hidden flows) to produce 1 tonne of
selected commodities10

10 Douglas I and Lawson N (1997) ‘An earth science approach to assessing the disturbance of the earth’s surface
by mining’, Mining and Environmental Research Network Research Bulletin, 11–12, p37–43

Commodity Multiplier 

Aluminium 15.8 
Asbestos 1.5 

Building Stones 1.36 

Coal 4.87 

Copper 450 

Diamonds 2,380,000 

Iron ores 5.2 

Nickel 560 

 

2.3.3 Energetic Flows

The MFA includes the amount of fossil fuels (the ‘energy carriers’) required to provide the energy used
to provide the goods and services consumed by York’s residents.  This includes energy input, internal
energy transformations and energy use. Thus, the ‘embodied’ energy used to extract and process the
raw materials and to manufacture each consumptive item entering the economy is quantified and then
converted into an equivalent tonnage of fossil fuels.  Similarly all other relevant energy usage (direct
consumption in buildings; passenger and freight transport; collection, transport and processing of waste;
abstraction and pumping of water etc.) is converted into the equivalent tonnage of energy carriers.
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For the purposes of the ecological footprint analysis (see Section 2.4 below) all energy flows were
calculated as gigajoules (GJ). For the MFA, these were converted into the equivalent mass (tonnes) of
energy carriers using conversion factors calculated as follows:

1 For the direct consumption of (commercial and domestic) electrical energy, energy carrier conversion
factors were calculated according to the energy mix for UK electricity generation as given in the
IEA Energy Statistics of OECD Countries11 (Table 2.3). In addition to the direct flow conversion
factor, there is also a hidden flow conversion factor to account for the hidden flow associated with
fossil fuel mining/extraction (e.g. for coal see Table 2.2).

Table 2.3 Energy carrier conversion factors for UK electrical power generation

11 IEA (2001a), Energy Statistics of OECD Countries 1998-1999, International Energy Agency/OECD, Paris,
France.

12 IEA (2001b), Energy Balances of OECD Countries 1998-1999, International Energy Agency/OECD, Paris,
France.

 Fuel used in 1999 (kt) for UK electricity generation 
 

 Hard coal Brown 
coal/ 
lignite 

Peat Petroleum 
products 

Natural gas Solid 
biomass 
(wood) 

Electricity 
generated 
(GWh) 

Electricity 
generated 
(PJ) 

Conversion 
factors (t/GJ) 

          
Direct 40297 0 0 1431 22963.741 1972.0319 366798 1320 0.0505 
Hidden 
flow 

155949 0 0 0 0 0   0.1181 

 Note: Total direct coal use includes the equivalent amount of coal used to produce blast furnace gas (BFG) calculated
as: (total coal use in UK blast furnaces) x (Tj BFG use in electrical sector) ÷  (total TJ BFG produced in UK).

1 For direct consumption of fuels in the transport sector (apart from rail), the energy use in GJ was
divided by the calorific values for the appropriate fuel given in the International Energy Agency
(IEA) Energy Balances of OECD Countries12 e.g. for air travel the appropriate fuel is jet kerosene
with a calorific value of 1.065 toe (tonnes of oil equivalent) per tonne. As 1 toe equals 41.868 GJ,
the conversion factor for air transport becomes 1/(1.065 x 41.868) = 0.0224 t/GJ. The 5639 GJ
consumed by York’s air passengers is therefore equal to 0.0224 x 5639 = 126.5 tonnes energy
carriers. Only a ‘direct flow’ conversion factor is required for petroleum products. For rail travel,
the energy carriers (direct and hidden flow) used to generate the (UK) electrical energy consumed
by trains also had to be taken into account in calculating the conversion factors as shown in Table
2.4.
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Table 2.4 Energy carrier conversion factors for UK rail transport

Rail 
transport 

 All coal Hard coal Brown 
coal/ 
lignite 

Peat Petroleum 
products  

Natural gas  Solid 
biomass 
(wood)  

Electricity  Total  

Consumption (PJ) 0    20 0 0 31 51 
Direct consumption (kt)  0 0 0 464 0 0  464 

Consumption via electricity 
(kt) 

 933 0 0 33 532 46  1543 

Total consumption (kt)  933 0 0 497 532 46  2007 

Conversion factors - 
  energy carriers (t/GJ) 

 0.0183 0.0000 0.0000 0.0097 0.0104 0.0009  0.03929 

Hidden flows  (kt)  3610 0 0 0 0 0  3610 

Conversion factors -  
  hidden flow for energy  
  carriers (t/GJ) 

0.0707 0.0000 0.0000 0.0000 0.0000 0.0000  0.07067 

 

1 For the embodied energy of materials and manufactured products, energy carrier conversion factors
were derived for each industrial sector by assuming the fuel/energy mix given in the IEA energy
statistics and balances for 1999 (the latest year for which the data are available). Where electrical
energy formed part of the mix, this was converted into energy carriers and added to the tonnages of
fuel before calculating the direct and hidden flow conversion factors. As examples, the derivation of
the energy carrier conversion factors for the iron/steel and paper/pulp industries are shown in Table
2.5. Similar conversion factors were also calculated for the following industrial sectors: non-ferrous
metals (e.g. aluminium), chemicals (including plastics), non-metallic minerals (including glass),
machinery (including electrical appliances), mining and quarrying, food and tobacco, wood and
wood products, construction, textiles and leather, and ‘other industry’ (e.g. rubber, batteries). For
most industrial sectors, EU energy data were used because the majority of commodities consumed
are produced within EU countries. The only exception was for the ‘mining and quarrying’ of material
used in road construction for which UK energy data are more appropriate.

Table 2.5 Derivation of energy carrier conversion factors for the iron/steel and paper/pulp industries

Iron and steel 
industry  

All coal Hard coal Brown 
coal/ 
lignite 

Peat Petroleum 
products  

Natural 
gas  

Solid 
biomass 
(wood)  

Electricity  Total  

Consumption (PJ) 683    66 378 0 366 1493 

Direct consumption 
(kt) 

 37669 0 0 1618 9418 1.5  48706 

Consumption via 
electricity (kt) 

 6571 8648 177 1260 2099 106  18861 

Total consumption 
(kt) 

 44239 8648 177 2878 11517 108  67567 

Conversion factors - 
energy carriers (t/GJ) 

 0.0296 0.0058 0.0001 0.0019 0.0077 0.0001  0.04527 

Hidden flows  (kt)  171206 76967 44 0 0 0  248218 
Conversion factors - 
hidden flow for 
energy carriers (t/GJ) 

 0.1147 0.0516 0.0000 0.0000 0.0000 0.0000  0.16630 
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Without an energy analysis the MFA would provide little meaning with regard to the impact of the
different materials entering the economy. Haberl (2002) argues that energy can be used to increase the
availability of materials, for example, increasing agricultural yields. Therefore, as well as a tonnage of
wheat entering the economy, the energy required to produce this wheat must also be included. The same
is true for manufactured products with energy being required to produce the basic goods (e.g. steel,
plastic) as well as in the manufacturing process itself. Finally, the energy required to transport the
various materials also has been included. This provides a more comprehensive picture of material flows
rather than just considering the materials.

The inclusion of energy in the MFA can also be used for the development of sustainable indicators.
For example, MFA can be seen as an instrument for aggregating various environmental impacts into a
few strategic indicators such as the total throughput of materials, energy intensity per unit or even the
decoupling of material and energy use with economic growth13. Table 2.6 outlines the categories that
have been included in this study.

Paper, pulp and print All coal Hard 
coal 

Brown 
coal/ 
lignite 

Peat Petroleum 
products  

Natural 
gas  

Solid 
biomass 
(wood)  

Electricity  Total  

Consumption (PJ) 46    95 367 278 426 1212 

Direct consumption (kt)  1141 55 1409 2302 9135 18534  32576 

Consumption via 
electricity (kt) 

 7655 10074 206 1467 2446 124  21972 

Total consumption (kt)  8796 10129 1615 3769 11581 18658  54548 
Conversion factors - 
energy carriers (t/GJ) 

 0.0073 0.0084 0.0013 0.0031 0.0096 0.0154  0.04502 

Hidden flows  (kt)  34039 90152 404 0 0 0  124595 
Conversion factors - 
hidden flow for energy 
carriers (t/GJ) 

 0.0281 0.0744 0.0003 0.0000 0.0000 0.0000  0.10283 

 

13 Haberl H. (2002) The Energetic Metabolism of Societies: Part 1 – Accounting Concepts, Journal of Industrial
Ecology, Vol. 5, No. 1, pp 11-34.
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Table 2.6 The material flows of eight main economic sectors

Economic Sector 
 

Materials included in the calculation process 

  
Food Tonnage food consumed in York, broken down into 48 different food/drink types 
 Country of origin of the different food types and distance travelled to reach York  
 Energy required to grow/rear, harvest and process the different food types (converted 

into “Energy Carriers”) 
 The methane release of organic waste food disposed of by landfill 
 Packaging 
 Waste transportation 

 
Housing  Total tonnage of material imported to York to build new housing 
infrastructure Breakdown of these materials into total tonnage of concrete, bricks, plaster, ceramics, 

glass etc. 
 Identification of the material flows for the different manufactured housing materials 
 The energy required to produce the materials (converted into “Energy Carriers”) 

 
Domestic consumables Total tonnage of the six main domestic consumable items entering York (newspaper, 

clothes, nappies, batteries etc.) 
 Total distance travelled of the different consumables 
 Total tonnage of electrical and electronic equipment 
 The hidden flows of all consumable items 

 
Road infrastructure Total tonnage of materials required to build new roads in York 
 Energy required to produce the manufactured materials (converted into “Energy 

Carriers”) 
 Material and energy requirement of road re-surfacing 
 The hidden flows of all the materials 

 
Direct energy consumption 
 

Energy required within the commercial and domestic sector 

Passenger transport 
 

The energy requirement of all forms of public transport 

Commercial consumables 
 

Total tonnage of commercial consumable items (including paper and computers etc.) 

  

 

2.3.4 Material Stocks and Processing

In the context of material balances, stocks are defined as man-made fixed assets. 14 The two main
categories that are considered in this study are infrastructure (buildings and roads) and other stocks such
as machinery and durable goods. Past research suggests that infrastructure and buildings usually represent
more than 90 per cent of the total physical stock measured in tonnes.15

2.3.5 Material Outputs

Material outputs comprise air emissions and solid and liquid waste flows. This study considers the
emissions to air of three major greenhouse gases: carbon dioxide (CO2), methane (CH4) and nitrous
oxide (N2O). While many other emissions could potentially be considered, this study has focused on the
global warming potential of air emissions. Waste flows are defined as the quantity (weight) of materials

14 Eurostat (2000) ibid.
15 Eurostat (2000) ibid.
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that are dispersed into the environment as a deliberate or unavoidable consequence of product use. 16

Waste from private households, industry and commerce and waste-water management activities (sewage
sludge) are all included in the calculations.

2.4 Introducing the Ecological Footprint

While MFA provides valuable information concerning the total throughput of materials within York,
the ecological footprint provides an understanding of the environmental pressures of these material
flows. The ecological footprint is intended to serve as a comprehensive indicator for ecological
sustainability that aims to:17

“determine to what extent human consumption is within the present regenerative capacity of
the biosphere, or to what extent humanity lives within the interest of natural capital.”

This study calculates the ecological footprint of York. It considers the amount of land that York requires
to provide the goods and services that it consumes and to absorb all the waste and emissions that it
produces. The study focuses on energy use, food and packaging, housing, material consumption, transport,
water supply and other infrastructure. Some of this land will be found within York itself while the rest
will be in other countries and continents.

The ecological footprint can be defined as

“The land area required by the people in a defined region to provide continuously all the resources
and services they presently consume and to absorb all the waste they presently discharge wherever
that land might be.”

As a tool the ecological footprint provides a valuable insight into the carrying capacity of the Earth
and human appropriation of resources i.e. human demand and nature’s supply. It illustrates the reality of
living in a world with finite resources and is a measure of ecological sustainability. It provides a final
figure in terms of the total land area (hectares) which is required to support an individual, city, region,
country or the entire population of the world.

2.4.1 Visualising Human Impact

The ecological footprint focuses on the limited amount of land available. Everything that humankind
requires must be provided from finite natural resources that include food, water, shelter and warmth.
Sustainability requires that these basic human needs should be provided for everyone. However, this is
becoming increasingly difficult as the global population increases leaving less land available to be
shared between every individual.

Given that the amount of land available for humanity is essentially finite and its productivity limited,
issues of equity cannot be ignored. There are currently considerable inequities in the global economy
with 20 per cent of the global population currently consuming 83 per cent of its resources. An ‘Earthshare’
is the average amount of ecologically productive land (and/or sea) available globally for each individual.
This has been calculated on the premise that every individual in the entire world has an equal right to

16 Eurostat (2000) ibid.
17 Wackernagel, M. Lewan, L. & Hansson, C.B. (1999a). Evaluating the use of natural capital with the Ecological

Footprint. Applications in Sweden and Subregions. Ambio.
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land. By adding up all the various productive land types, 2.3 hectares of biologically productive space is
available per person (see Table 2.7).18

Table 2.7 The ecological benchmark for sustainability

18 Wackernagel M. & Silverstein J. (2000a) Big things first: focusing on the scale imperative with the ecological
footprint, Ecological Economics, Vol 32, No. 3, pp 391-394.

19 WCED (1997) ibid.
20 Noss, R. & Cooperrider, S. (1994) Monitoring and Assessing Biodiversity, in Lykke, E., Achieving

Environmental Goals, Belhaven, London.
21 Meadows H., Meadows D., Randers J. (1992) Beyond the Limits: Global Collapse or Sustainable Future,

London: Earthscan.
22 Wackernagel et al (2000) ibid.

Productive Land Type Hectares available per capita 

Arable Land 0.25 
Pasture 0.6 
Forest 0.9 
Built-up land 0.06 
Sea Space 0.5 
Total 2.3 

                                 Source: based on Wackernagel et al, 2000a

However, it is important to protect some of this land for biodiversity. With a planet of over 30 million
other species, not all this land can be considered purely for human use. The WCED (1997) have suggested
that 12 per cent of productive land should be preserved for biodiversity protection.19 However, this has
been criticised as being insufficient but may be a politically feasible target.20 Meadows and Meadows
(1992) highlight the importance of biodiversity protection believing that the annual rate of species loss
is 1,000 times higher than the natural rate of extinction.21

It is almost impossible to derive one figure that is necessary for biodiversity protection. Each region
or country will need to understand the distinctive nature of biodiversity for their region, making an
overall figure inconsequential. Moreover, Noss and Cooperrider (1994) believe that the minimum
percentage of bio-productive land that needs protecting is 25 per cent. However, if the view is adopted
that no land needs to be preserved for biodiversity protection, the sustainable Earthshare per capita is
2.3 hectares. If the WCED figure of 12 per cent is adopted then the Earthshare would be 2 hectares per
capita. Finally, if Noss and Cooperrider minimum figure of 25 per cent is accepted the Earthshare
would be 1.6 hectares per capita.

These figures are constantly changing due to the rapid rise in world population and the erosion of
soil; therefore less land has to be divided between more people. Wackernagel et al (2000) suggest that
within the next 30 years the bio-productive land per capita could decline to 1.2 hectares with a world
population of 10 billion.22

Accepting that the figure for biodiversity preservation is at least 12 per cent, it becomes apparent
that humanity must learn to live equitably within a land footprint of approximately 1.3 hectares or 3.2
acres. Assuming that the population increases to 9.8 billion, this figure will decrease to just over 0.8 of
a hectare.
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2.4.2 Land Area Requirements for Consumption

Land provides humankind with natural resources from minerals for building and food for living through
to land required to absorb the wastes and atmospheric emissions produced. Land, and the vegetation it
supports, also has a crucial role in the maintenance of the hydrological cycle (and hence rainfall and
climate), biogeochemical cycles (e.g. of oxygen, carbon, nitrogen and sulphur) and the gaseous
composition of the atmosphere upon which most life forms, including humans, ultimately depend.  UNEP
(1999) has highlighted the importance of land as a resource because it is becoming increasingly scarce.23

With a diminishing amount available due to desertification, erosion, sea level rise and an increase in
the world’s population, productive land is becoming a valuable and scarce resource. It is therefore
important to measure the amount of land required for humankind to survive and to compare this with
how much is actually available.

The ecological footprint has received much attention recently as a potential aggregated indicator for
sustainable development. It is able to determine the amount of land that humankind requires to survive
and compares this with how much land is available. Ecological footprint studies have been undertaken
for different countries, regions, industry, product evaluation and individual sectors.24 Each year the
ecological footprint has become more refined, providing an increasingly accurate figure of the land
appropriated by humans.

The ecological footprint confirms Ehrlich and Holdren’s definition of human impact on the
environment. This being:25

I = PAT

Where: I is Impact, P is population, A is affluence, and T is technology.

In the Ehrlich-Holdren formulation the impact (I) corresponds to a population’s ecological footprint
and is a function of population size and consumption (converted into a land area).26 Consumption is a
function of affluence (A) and the state of technology, therefore presenting a land-based analogue of
PAT. Van Vuuren et al (1999) believe that the ecological footprint has the ability to focus on three key
issues associated with consumption.27 These being:

1 the squandering of resources;

1 impacts of the size and composition of consumption patterns; and

1 geographic re-allocation of environmental pressures.

The ecological footprint establishes an ecological ‘bottom line’ that should not be crossed if a sustainable
society is to be achieved. This places the issues of rapid population growth and the development of
poorer countries in perspective. During the 20th century, a rapid growth in population occurred in poor

23 United Nations Environment Programme, 1999. Global Environment Outlook, U.N.E.P.
24 Rees W.E. (1992) Ecological footprints and appropriated carrying capacity: what urban economics leaves

out. Environment and Urbanisation 1992, 4(2), pp 121-130
Wackernagel M. & Rees W.E. (1996) Our Ecological Footprint: Reducing human impact on the earth. New
Society Publishers, Gabriola Island, BC, Canada
Simmons C. and Chambers N. (1998) Footprinting UK Households: how big is your ecological garden?
Local Environment 1998, 3(3), pp 355-362
Wackernagel et al, 2000). ibid.

25 Ehrlich P. & Holdren J. (1971) Impact of Population Growth, Science 171, pp 1212-1217
26 Rees W.E. (2000) Eco-Footprint analysis: merits and brickbats, Ecological Economics 2000, 32(3), pp 371-

374
27 Van Vuuren, Smeets & de Kruijf (1999) The Ecological Footprint of Benin, Bhutan, Costa Rica and the

Netherlands, RIVM: National Institute of Public Health and the Environment, report 807005 004.
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countries, thus placing increasing pressure on resources. The ecological footprint highlights the problem
of distributing environmental space to cope with the predicted increase in the use of natural resources.
This problem was described as:28

“This impressive century of growth unfortunately has not translated into adequate food
supplies for the Earth’s inhabitants. An estimated 841 million people remain hungry and
undernourished…”

The ecological footprint has been criticised for promoting regional self-sufficiency over global
interdependence. However, Wackernagel and Rees (1996) have stated that it is not anti-trade per se, but
is examining trade from an ecological perspective.29 It is clear that the aim of trade is to increase the
flow of resources across the world; this is evident in the opening up of new markets that did not exist at
the beginning of the last century. The ecological footprint is making the link between environmental
impact and human consumption. The aggregation process within the ecological footprint has also been
criticised for only being able to provide a rough indication of sustainability. However, it does provide a
means to compare the impact of various activities on the same level, which is an important element of
the tool.

2.5 The Methodological Approach

The original approach to ecological footprinting developed by Wackernagel and Rees (1996) considers
the area of land types that is required to provide a given population with all their natural resources and
absorb all their waste.30 In essence, this means the amount of pasture, arable land and sea to provide
food, the amount of forest land to provide wood and paper and the amount of  ‘energy land’ to absorb
the CO2 emitted through consumption of resources (indirect energy) and domestic and commercial
energy consumption (direct energy).

Energy land is by far the most significant component of the ecological footprint (see Table 2.8).
Burning fossil fuel adds carbon dioxide (CO2) to the atmosphere. The CO2 footprint is calculated by
estimating the biologically productive area that would be needed to sequester enough carbon emissions
to avoid an increase in atmospheric CO2

31. Since the world’s oceans absorb CO2 equivalent to about 35
percent of the emissions from fossil fuel combustion, we account only for the remaining 65 percent,
based on each year’s capacity of world-average forests to sequester carbon32. This capacity is estimated
by taking a weighted average across 26 main forest biomes33. Sequestration capacity is expected to
decline as the atmospheric CO2 level and global temperature increase over the next century.

28 Worldwatch Institute (1999) State of the World 1999, Earthscan Publications Ltd, London.
29 Wackernagel and Rees (1996) ibid.
30 Wackernagel and Rees (1996) ibid.
31 WWF (2000) Living Planet Report, WWF.
32 Watson, R. et al., Eds., Intergovernmental Panel on Climate Change (IPCC), World Meteorological

Organization (WMO), United Nations Environment Programme (UNEP), Land Use, Land-use Change, and
Forestry (Cambridge University Press, Cambridge, UK, 2000).

33 Watson, ibid.
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Table 2.8 The ecological footprint of selected countries

Country                                 Ecological Footprint 
 Land use Energy land Sea Total 
 ha/capita ha/capita ha/capita ha/capita 

Australia 5.15 3.61 0.20 8.97 
Bangladesh 0.48 0.04 0.03 0.54 
Belgium 2.44 2.33 0.23 5.00 
Canada 4.06 3.43 0.25 7.74 
China 0.67 0.50 0.04 1.20 
Germany 2.39 2.70 0.23 5.32 
Hong-Kong 1.94 3.79 0.34 6.06 
India 0.62 0.20 0.02 0.84 
Indonesia 1.05 0.23 0.12 1.39 
Netherlands 2.51 2.72 0.09 5.32 
Sweden 3.67 1.87 0.32 5.87 
UK 2.12 2.84 0.23 5.18 
U.S.A. 4.95 5.15 0.25 10.34 
World 1.68 0.96 0.12 2.76 

              Source: WWF (2000)

The Stockholm Environment Institute34 (SEI) employs an alternative approach (Figure 2.2) to ecological
footprinting that offers a key insight into the relative sustainability of different activities and sectors
such as energy, food production, transport and waste. In most cases the energy land component is
responsible for over 50 per cent of the total ecological footprint of the different countries. While land
types for food and timber are considered, the main focus of the SEI approach is on the energy consumption
associated with imported materials. A more detailed explanation of the ecological footprint model is
given below.

34 SEI is not the only organisation developing the approach. In conjunction with Best Foot Forward, who originally
devised the component footprint approach, SEI is developing it further for the DTLR New Horizons Programme.
Please contact the author for further details.
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Figure 2.2 SEI approach to ecological footprinting
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2.5.1 Life Cycle Approach to Footprinting

Even though the SEI approach has the added advantage of providing a detailed breakdown of the footprint,
allocation problems do exist. Footprinting is attempting to capture all human consumption for a particular
given population. This is illustrated in Figure 2.3.

Figure 2.3 The life cycle of human consumption and waste

Figure 2.3 provides an understanding of what can be calculated. Firstly, the model starts with extraction
(e.g. minerals), growth (e.g. trees and food crops) or the breeding of animals for human consumption.
Both energy and water use are associated with this stage. Freight transport is then required to move the
produce to the factory for processing and delivery to final retail outlet. At this stage, there is a large
demand on industrial energy and freight transport to bring the many different products to the factory.

A good example is the journey of the strawberry yoghurt pot35. The yoghurt and its ingredients and
the materials used for the glass cup made journeys totalling 3,500 km. The strawberries came from
Poland to be processed in Germany, the corn/wheat starch came from Amsterdam via Cologne and then
finally to Stuttgart. The aluminium sheeting came from Australia via Norway and Neuburg (southern
Germany) before reaching Stuttgart36. Boge’s calculations of the strawberry yoghurt not only demonstrated
the substantial impact of freight transport but also the difficulty in collecting such detailed data. It is
very difficult to find that much data for every product. The footprint approach can calculate both the
impact of freight transport (air, sea or road) and industrial energy use.

35 Boge S. (1996) Freight Transport, Food Production and Consumption in the USA and Europe, World Transport
Policy and Practice, Vol. 2., No.4., pp 28-32.

36 Von Weizsacker E., Lovins A., Lovins H. (1998) Factor Four: Doubling Wealth, Halving Resource
Consumption, Earthscan.
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The ecological footprint includes all the domestic impacts. These include passenger transport (car,
bus, train and air) as well as domestic energy consumption and water use. After the product has been
brought into the domestic environment it is disposed of (often as packaging) and will leave as waste. If
the item is sent to landfill the embodied energy in that item is lost; therefore it has a footprint of the
embodied energy of the item. If the item is recycled the embodied energy is saved so the footprint is
merely the energy required to recycle the product.

Although there are insufficient data to provide a truly accurate picture of human appropriation, the
accuracy of the footprint is dependent on available data. The footprint is flexible enough to cope with a
diverse range of data, however assumptions need to be made. The better the quality of data, the less
assumptions and the more credible the final result becomes. In this study over 85 per cent of the data
collected is specific to York and gained from reputable sources. This does not mean that the remaining
15 per cent are inaccurate. It simply means that certain assumptions have been made. For example, if
the original data applied to North Yorkshire, they had to be scaled down proportionately to York’s
population. This study attempted to use data specific to York as much as possible within the constraints
of time and resources.

2.5.2 Methodological Variations

With the Wackernagel and Rees’ approach there are two main categories within the energy calculations:

1. Embodied energy of net imported goods; and

2. Direct energy consumption.

SEI has adopted this approach but have made four alterations.

3. The embodied energy of goods considers the amount of energy required in producing all the goods
consumed by a given population. This idea has been included in the footprint calculations from the
outset. In Wackernagel’s approach the raw materials are considered; for example, the consumption
of minerals, organic chemicals and textiles. However, such data are not readily available if one
wishes to calculate the ecological footprint for a city or region. For example, it would be almost
impossible to calculate the amount of steel that is consumed in a city. Therefore SEI uses the IVEM
Energy Analysis Program (EAP)37 to calculate the ecological footprint of consumer items. The EAP
can be used to determine the life-cycle energy use during the entire life cycle of an item. The energy
use covers the energy required for production and disposal of the purchased item, which is calculated
over its whole life cycle and expressed in primary energy. This is subsequently converted into the
notional energy land equivalent and thence into an ecological footprint figure (in hectares).

4. The second alteration is concerned with attributing an ecological footprint to particular groups. In
Wackernagel and Rees’ approach, for example, the amount of steel consumed is not attributed to a
particular group. In the method employed by SEI however, the ecological footprints of the domestic,
commercial/public service and industrial sectors are calculated separately.

5. A local ecological footprint analysis must take into account the differences between of the type of
data available nationally and locally. For example, instead of considering the tonnage of bricks
entering the economy (which at the country level is available in national statistics), the number of
houses being built on York is determined  and an average number of bricks per house applied in
calculating the total for York.

6. Other GHG emissions in addition to CO2 are taken into account within this study, that is methane
(CH4) and nitrous oxide (N2O).

37 Energy Analysis Program (EAP), Version 3.2 (November 2000), Center for Energy and Environmental Studies,
University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands.
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The ecological footprint values for certain activities are pre-calculated using data appropriate to the
region under consideration (Simmons, Lewis and Barrett, 2000). Within Wackernagel’s approach (known
as the compound ecological footprint) six major land types of productive space are used: fossil energy
land, arable land, pasture, forest, built land and sea space. The compound approach considers the human
demand on each of those land types for a given population, wherever that land may be. The approach
employed in this study retains the original philosophy behind footprinting but converts these into sectors.
By considering the 29 components used by SEI, it is possible to understand most of the ecological
impact of a community. No model can claim to have incorporated the total land requirement of all
human activity, but early research conducted by the SEI and Best Foot Forward suggests that the
component approach considers most of the impacts (between 80 and 90 per cent) 38 39. Table 2.9 lists the
main categories. It is important to note that many of these categories are divided even further in the
actual study. For example, the waste data have been divided into 18 different categories while the water
data have considered the ecological footprint of water supply and wastewater treatment. This highlights
the importance of the provision of sufficient data so that a more accurate footprint can be undertaken.

Table 2.9 The components used in the York project

COMPONENTS 

Electricity (domestic) Recycled waste (domestic) 
Electricity (service sector) Commercial waste 
Electricity (industrial) Commercial recycled waste 
Electricity (council services) Composted waste 
Gas (domestic) Inert waste 
Gas (industrial) Food 
Coal (domestic) Timber 
Oil (domestic) Water 
Travel by car Waste water 
Travel by bus Road freight 
Travel by train Sea freight 
Travel by air Air freight 
Travel by ferry Rail freight 
Built land Housing stock 
Household waste  

 

2.5.3 Embodied Energy of Consumer Goods

Households are responsible for both direct and indirect uses of energy. Direct energy includes household
energy consumption such as heating, lighting and cooking. Indirect energy use includes the energy
required to manufacture consumption goods, to gather the raw materials for these goods and to transport
these goods or to provide services40. Energy is used at each stage of the life cycle of products and it does
not end at the household. There is also an energy use associated with the disposal of a consumption
product.

The total energy use of a household can be calculated considering both direct and indirect energy
use for each item of consumptive expenditure. The analysis will provide an understanding of the energy

38 For further information on this study please contact the author (John Barrett)
39 For a detailed explanation of the various footprinting approaches see: Chambers, Simmons and Wackernagel

(2000) Sharing Nature’s Interest, Earthscan.
40 Wilting H. et al (1999) Energy Analysis Program, Manual 3.0 , IVEM Research Report No.98.
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required for York residents to live and the impact of energy consumption. The MFA can indicate the
total weight of material required for York to consume at its current rate. In addition, the MFA considers
energy requirements (in terms of weight of fossil fuel), the carbon dioxide emissions and the Global
Warming Potential (GWP).

The EAP Computer Program has been employed to provide information concerning the direct and
indirect energy use of over 500 items of consumptive expenditure. Figure 2.4 illustrates the different
components, spanning the whole structure of the economic system, that are included in the analysis.
The industrial economy relies on consumers to purchase their products. The consumption of goods by
the household has caused a chain of events that require a substantial amount of energy (indirect energy).
The EAP Computer Program makes a distinction between ‘basic’ goods and ‘residual’ goods.

Figure 2.4 The flow of commodities through the economy

In the past, footprint studies have only really included an analysis of material production and not the
energy consumption of residual industrial processes. This study attempts to include a more accurate
understanding of industrial processes for manufactured goods. The approach still maintains the same
carbon sequestration rate (i.e. ‘energy land’ conversion factor) as Wackernagel’s studies thus making
the two approaches directly comparable. A detailed comparison is undertaken in Chapter 5.

Finally, a footprint conversion factor has been calculated for every consumption item in this study.
The conversion factors are presented as the ecological footprint per tonne of consumption for each item.
Therefore, the conversion acts as a measure of efficiency while the total tonnage of materials acts as a
measure of direct consumption. When multiplied together to calculate the ecological footprint therefore,
both this efficiency and the direct consumption of York’s residents are accounted for.

2.6 Conclusions

The approach adopted for the MFA and the ecological footprint maintain the original philosophy of the
methods with adjustments made to provide a more comprehensive local analysis. The adjustments made
are designed to provide more policy relevant material concerning transport, food production, energy
use and waste.

The approach is transparent and has been designed to enable other researchers and practitioners to
undertake similar studies. This transparency also offers further opportunities to compare other studies
and understand the variation in approaches.
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3 Material Flow Analysis and Ecological Footprint of
the Domestic Sector in York

3.1 Introduction

The domestic consumption of materials, food and energy continues to increase in the UK roughly in line
with the growth in gross domestic product (GDP). To sustain high levels of economic growth, the
purchasing of more and more consumer items by the domestic sector is generally required. In turn the
greater the level of consumption and economic growth in the domestic sector, the greater the energy and
resource use. Energy use has been correlated with economic growth ever since the beginning of the
industrial revolution.1

When considering the impact of households in terms of resource consumption and CO2 emissions it
is not possible to merely consider the energy used directly within the household (lighting, heating etc.)
but also the hidden energy requirements associated with household consumption. At present, the average
CO2 emissions per person in the UK are 8.9 tonnes.2 The domestic sector is responsible for 27.5 per cent
of this total that includes emissions from domestic energy consumption.

This chapter adopts a household metabolism approach. A good example is to consider the energy
required to produce, process, package, transport and dispose of food. Each stage requires energy and,
where that energy directly or originally comes from fossil fuels, a consequent release of GHG emissions.
The household metabolism approach is able to consider all these activities and understand the real
impact of households, the material flows, CO2 emissions and ecological footprint. Only then is it possible
to determine solutions and methods by which to reduce their impact. This provides an opportunity to
develop the clear policy objectives necessary to ultimately de-couple the environment from the economy.

3.2 The Impact of Household Consumption

This chapter addresses a range of domestic activities that produce CO2 emissions. Firstly a MFA is
conducted on each sector, then the GHG emissions are calculated and finally an ecological footprint.
The following list covers the sectors that are considered: 3

1 Food, packaging and food miles

The total consumption of 48 different food/drink types is considered. The energy required to grow,
harvest and process the food is accounted for (i.e. the embodied energy) as is the land area required to
grow the crops or rear livestock. The embodied energy of food packaging is also determined and, for
paper/card packaging, the forest land area required to grow the trees for pulping. The energy used to
transport the food from where it was produced to the retail outlet is also calculated. The energy values

1 Biesiot, W, Noorman, K J (1999) Energy Requirements of household consumption: a case study of the
Netherlands, Ecological Economics, vol 28, p367–383

2 DEFRA (2001) The Environment in Your Pocket 2001: Key facts on the environment of the United Kingdom,
Department of Environment Food and Rural Affairs, London

3 The three main GHG emissions considered in this project comprise carbon dioxide (CO
2
), methane (CH

4
) and

nitrous oxide (N
2
O). All three gases have a “greenhouse” effect on the atmosphere but to varying degrees. For

example, CH
4
 has a global warming potential (GWP) 21 times greater than that of  CO

2
 whereas  N

2
O has a

GWP 310 times that of CO
2
.
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and any direct land requirements were subsequently converted into the equivalent combined ecological
footprint. The MFA includes the weight of the fossil fuel ‘energy carriers’ required to produce this
energy as well as the weight of the food/drink and packaging.

1 Domestic solid waste disposal and methane emissions from landfill.

Direct energy is required to collect domestic solid waste, transport it to the landfill site and to spread
and compact it at the site. The MFA includes the waste energy carriers as an input and the weight of
landfilled waste as an output. The fate of the organic constituents of the waste is also considered in
terms of methane emissions (a powerful GHG) during decomposition in the landfill and these emissions
are included as part of the ecological footprint. The effects of recycling and composting on the energy
consumption and methane emissions associated with waste disposal are then examined.

1 Energy and water

Direct energy use by the households of York is considered. This includes an analysis of the consumption
of gas, electricity and other fuels. The CO2 emissions and ecological footprint are calculated for domestic
lighting, cooking, heating, hot water and power consumption by other domestic electrical appliances.
The energy required to supply all York’s domestic mains water is also considered. Again, both CO2

emissions and an ecological footprint have been calculated for water. The MFA includes the energy
carriers associated with direct energy consumption and the energy used to supply York’s water.

1 Transport

The ecological footprint and CO2 emissions for all forms of personal travel have been calculated. This
includes the impact of travelling by air, bicycle, local bus, car, motorbike and train by York residents.
The road space required for the different forms of transport is included in the calculations. Finally, a
comparative analysis of the ecological footprint of the various modes of transport is undertaken. The
MFA includes the energy carriers associated with transport energy use as inputs and the resulting GHG
emissions as outputs.

1 Electrical equipment and consumables

The impact of a range of non-food items consumed by York residents is determined. In particular, the
impact of electrical equipment, newspapers and clothes are considered although the impact of other
consumables is also taken into account. The adverse environmental consequences of providing York
with all these items are quantified in terms of the CO2 emissions and the ecological footprint. The MFA
includes the energy carrier equivalent of the embodied energy of the items as an input and the associated
GHG emissions as outputs

3.3 Food, Packaging and Food Miles

Food production contributes both directly and indirectly to environmental impacts. The energy associated
with the production of food (embodied energy) is considered to be a useful indicator for this environmental
impact as many environmental problems, such as climate change, acidification potential, and depletion
of non-renewable resources, are related to energy consumption. Studies have found that the consumption
of food has a 20–35 per cent share in the total energy use of a household. The total ecological footprint
for food consumption therefore includes both the notional ‘energy land’ area required (to sequester the
carbon from the CO2 emissions associated with its embodied energy) as well as the pasture or crop land
area actually required to produce the food.
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3.3.1 Calculating the Ecological Footprint for Food

Energy is used at each stage of the life cycle of a food item from gathering the raw materials, processing,
packaging and transporting the final product to the wholesaler or retailer right through to waste processing
and final disposal. A software product called the Energy Analysis Program (EAP)4 was used to determine
the energy required and the associated GHG emissions for each of 48 different food and drink products.

The following data were provided as input for the EAP analysis:

1 the quantity of basic goods used for each tonne of food/drink product (the proportions of the constituent
basic goods used in those foods or drinks composed of more than one major ingredient were taken
from various sources including ‘Sainsbury’s to you’ on-line shopping5);

1 the retail cost to the consumer (from ‘Sainsbury’s to you’ on-line shopping); and

1 the percentage sales tax (VAT6), if applicable.

The cost information is used by the EAP software to calculate the energy required for the following:

1 residual goods (raw materials whose precise nature or size is unknown including products and services
indirectly used in production such as office requisites and maintenance of the premises);

1 capital goods (goods such as buildings and machinery required for production); and

1 intermediate trades and services (wholesale, retail trade etc.).

The EAP was then used to calculate the energy used (in MJ/tonne) for each of 48 separate food/
drink categories and the associated GHG emissions expressed as the combined global warming potential
(GWP) in kg CO2 equivalents per tonne of the food/drink product.

Table 3.1 presents price and purchase tax for 48 major food/drink groups together with the embodied
energy and the equivalent GWP of the emitted GHG as calculated by the EAP software.

3.3.2 Calculating the Ecological Footprint of Food and Drink
Consumption for York

For each of the 48 food/drink products, an ecological footprint for one tonne of the product was calculated.
The product ecological footprint (ha/tonne) for each category of food/drink consists of two main parts:

1 the area (ha) of ‘energy land’ required to sequester (absorb) the emitted GHGs (as CO2 equivalents)
calculated using the EAP software as described above; and

1 the total area (ha) of grazing land or crop land required to produce one tonne of the food/drink.

4 Energy Analysis Program (EAP), Version 3.2 (November 2000), Center for Energy and Environmental Studies,
University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands.

5 http://www.sainsburystoyou.com/arriving/login.jsp
6 Value Added Tax (VAT): Most food is zero-rated but ice cream, confectionery, chocolate biscuits, soft drinks,

crisps and roasted or salted nuts have a 17.5% VAT rating and alcoholic drinks are VAT rated according to

alcohol content (beer and lager, 35.5%; wine, 38.5% and spirits, 61.5%).
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Table 3.1 Price and purchase tax for 48 major food/drink groups together with the embodied energy
and the equivalent GWP of the emitted GHG

Product Approximate price from 
'Sainsbury's online 

shopping' as of October 
2001 (£/kg or £/litre) 

Value Added Tax 
or excise duty 

rate (%) 

Embodied energy 
calculated by EAP 

(MJ/t) 

GWP of GHG 
emissions 

calculated by EAP 
(t CO2 equivalent /t) 

Milk, cream and cheese     

Wholemilk 0.90 0 17.60 3.52 
Skimmed milk 0.90 0 16.85 3.77 
Yoghurt and fromage frais 2.70 0 48.88 7.21 
Other milks and dairy products  2.70 0 48.89 7.21 

Cream 2.00 0 42.12 12.17 
Cheese (natural & processed) 5.15 0 91.67 13.86 
Meat, fish and eggs     
Beef and veal  4.00 0 67.90 19.30 
Mutton and lamb 5.00 0 54.70 13.09 
Pork/ham/bacon 5.43 0 59.99 13.89 

Poultry (uncooked) 2.60 0 43.02 10.63 
Poultry (cooked) 12.00 0 170.73 26.76 
All other meats 7.00 0 85.48 17.17 
Total fish 5.58 0 209.47 17.23 
Eggs 2.07 0 21.80 5.48 
Fats     
Butter 2.90 0 82.20 17.36 
Margarine 0.80 0 25.97 3.02 
Low-fat and dairy spreads 1.70 0 37.35 4.41 

Vegetable and salad oils 0.80 0 25.79 3.00 
Other fats (animal) 3.30 0 46.01 5.59 
Sugar and preserves     
Sugar 0.50 0 14.36 1.67 
Honey, preserves, syrup & 
treacle 

2.00 0 34.66 4.01 

Vegetables     

Fresh potatoes 0.35 0 19.17 1.88 
Fresh green vegetables 0.70 0 8.80 1.67 
Other fresh vegetables 0.60 0 21.10 2.33 
Processed vegetables 1.02 0 39.44 3.72 
Fruit     

Fresh fruit 1.30 0 17.59 3.40 
Other fruit (e.g. tinned) 1.50 0 27.02 3.32 
Fruit juices 0.60 0 32.21 2.43 
Cereals     
Bread 0.78 0 14.05 1.49 
Flour 0.30 0 9.73 1.15 
Cakes 3.00 0 56.04 5.93 
Biscuits 1.20 0 26.35 2.72 
All other cereals 1.30 0 18.59 4.07 

Beverages     
Tea 5.70 0 55.16 6.01 
Coffee 15.70 0 128.92 13.62 
Cocoa/drinking chocolate 6.60 0 60.51 7.31 
Branded food drinks (e.g. 
Horlicks) 

6.30 0 73.94 8.81 
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The area of ‘energy land’ was calculated by assuming that 5.2 hectares of newly planted forest in the
UK can sequester one tonne of CO2 per annum. This energy land area is then converted into the equivalent
number of hectares of land of global average productivity assuming an average UK forest productivity
of 1.78 times the global average.

The area of grazing and/or crop land required to produce a tonne of the food or drink was estimated
using ‘yield factors’ (kg/ha) for the main food categories7. Yield factors for ‘composite’ foods (e.g. ice
cream, biscuits) were calculated assuming the same proportions for their constituent raw-material
ingredients as were used for the EAP analysis (see Table 3.2).

Table 3.2 Yield factors for the major food categories

Miscellaneous     
 Soups  5.40 0 69.21 10.71 
 Mineral water 0.40 0 7.77 0.83 

 Ice-cream & other frozen dairy 2.00 17.5 38.15 7.26 
Soft drinks     
 Soft drinks (concentrated) 0.70 17.5 8.91 0.92 
 Soft drinks (ready to drink) 1.40 17.5 10.45 0.93 
 Soft drinks (low cal, 

concentrated) 
1.40 17.5 11.17 1.01 

 Soft drinks (low cal, ready to 
drink) 

1.40 17.5 11.19 1.15 

Alcoholic drinks     
 Beer and lager 2.60 35.5 17.35 1.91 
 Wine 7.30 38.5 84.21 14.33 
 Spirits (e.g. whisky) 17.80 61.5 146.60 23.22 
Confectionery     
 Chocolate confectionery 3.40 17.5 36.05 6.58 
 Non-choc confectionery 4.00 17.5 38.06 4.64 

 

 Food or drink category Yield factor (kg/ha) 

 beef, buffalo meat 24 
 sheep, goat meat 52 

 non-bovine, non-goat, non-mutton, non-buffalo 734 

 milk 336 

 cheese 34 

 butter 34 

 eggs 550 

 marine fish and seafood 29 

 cereals 2,641 

 veg & fruit 12,120 

 roots and tubers 13,385 

 coffee & tea 696 

 cocoa 408 

 sugar 3,229 
 sunflower oil 596 

 olive oil 262 

 margarine 240 

 

7 All the yield factors are taken from the WWF “Living Planet Report” produced by Wackernagel.
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As for energy land, the areas of grazing and/or crop land required were converted into the equivalent
global average productivity land area using global equivalence factors (see Table 3.3).

Table 3.3 Equivalence factors for converting different land use areas into land areas of global average
productivity

Footprint areas for: Equivalence 
factor 

  absorbing CO2 from fossil fuel 1.777729918 

  accommodating roads, houses, and other infrastructure 3.164691111 
  growing crops 3.164691111 
  grazing animals 0.385585335 
  producing wood 1.777729918 
  harvesting fish and other sea food 0.06273133 

 

After the different land areas were converted into the equivalent ‘global average productivity’ land
area, they were summed to give the food/drink conversion factors (ha/tonne) for the 48 different food/
drink categories (see Table 3.4).

Table 3.4 Examples of derivation of food and drink conversion factors

Beef and veal  GWP/tonne Energy Land Yield Factor Direct Land Equivalence EF 
(1 tonne)  (t CO2 equiv)  (kg/ha.)  Factor  (ha/tonne) 

Energy Land  19.30 3.71   1.78 6.60 
Pasture Land    24 42.253 0.39 16.29 

Total       22.89 

 
 

Biscuits  GWP/tonne Energy Land Yield Factor Direct Land Equivalence EF  
(1 tonne)  (t CO2 equiv) (ha) (kg/ha.) (ha) Factor (ha/tonne) 

Energy Land  2.72 0.52   1.78 0.93 
Crop land (cereals)   5283 0.189 3.16 0.60 

Crop land (sugar)    9687 0.103 3.16 0.33 

Crop land (veg 
oil) 

   2146 0.466 3.16 1.47 

Total       3.33 

 
 

Soft drinks (conc.)  GWP/tonne Energy Land Yield Factor Direct Land Equivalence EF  
(1 tonne)  (t CO2 equiv)  (kg/ha.)  Factor (ha/tonne) 

Energy Land  0.92 0.18   1.78 0.32 
Crop land (sugar)    161449 0.006 3.16 0.02 

Crop land (fruit)    60598 0.017 3.16 0.05 

Total       0.39 

 

In order to calculate the ecological footprint for food/drink for York, it was assumed that during 2000
per capita household food consumption of the main food groups was equal to the averages reported for
1997–1999 for the Yorkshire and Humberside region by the National Food Survey. These per capita
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values were multiplied by the greater York population for the year 2000 (179,800) to give the total
tonnage consumed in York. For each food/drink category, the total York tonnage was then multiplied
by the product EF to give a total ecological footprint for that product. Finally, the ecological footprint
for all products were added to give a total ecological footprint for all food and drink consumed by York
residents during 2000 (Table 3.5).

Table 3.5 Tonnage of food and drink consumed by York households in 2000 and the calculated
ecological footprint for each major product group

Product Total tonnage 
(t/yr) 

Product 
ecological 
footprint 
(ha/tonne) 

Total ecological 
footprint (ha) 

Ecological footprint 
per capita (ha) 

     

Wholemilk 6507 2.35 15303 0.0851 
Skimmed milk 10743 2.44 26199 0.1457 
Yoghurt and fromage frais 1225 3.61 4425 0.0246 

Other milks and dairy products  823 3.61 2973 0.0165 
Cream 122 9.90 1204 0.0067 
Cheese (natural & processed) 851 16.22 13803 0.0768 
     
Beef and veal  1178 22.89 26965 0.1500 
Mutton and lamb 467 11.86 5542 0.0308 

Pork/ham/bacon 1982 9.06 17959 0.0999 
Poultry (uncooked) 1823 7.95 14490 0.0806 
Poultry (cooked) 374 13.46 5034 0.0280 
All other meats 3179 10.18 32372 0.1800 
Total fish 1449 8.03 11637 0.0647 
Eggs 1079 7.62 8224 0.0457 
     
Butter 290 17.42 5048 0.0281 
Margarine 262 14.21 3719 0.0207 
Low-fat and dairy spreads 720 14.68 10568 0.0588 

Vegetable and salad oils 552 8.40 4632 0.0258 
Other fats (animal) 206 2.44 501 0.0028 
     
Sugar 1085 1.55 1683 0.0094 
Honey, preserves, syrup & treacle 355 2.35 835 0.0046 
     
Fresh potatoes 6778 0.88 5957 0.0331 
Fresh green vegetables 2440 0.83 2032 0.0113 
Other fresh vegetables 4563 1.06 4822 0.0268 

Processed vegetables 5011 1.53 7686 0.0427 
     
Fresh fruit 6133 1.42 8725 0.0485 
Other fruit (e.g. tinned) 626 1.40 874 0.0049 
Fruit juices 2590 2.14 5535 0.0308 
     
Bread 6947 1.11 7694 0.0428 

Flour 617 1.59 983 0.0055 
Cakes 1346 4.13 5557 0.0309 
Biscuits 1243 3.33 4140 0.0230 
All other cereals 3833 2.59 9923 0.0552 
     
Tea 327 6.60 2160 0.0120 
Coffee 140 9.20 1290 0.0072 
Cocoa/drinking chocolate 28 10.26 288 0.0016 
Branded food drinks (e.g. Horlicks) 56 4.21 236 0.0013 
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3.3.2.1 Worked examples

Beef
i) Calculation of the GWP of GHG emissions from the embodied energy of one tonne of beef using

the EAP software.

Inputs: Cost - £4.00 per kg (from Sainsbury’s online)

Producer - Meat processing industry

Basic goods - Beef

Packaging - None

Transport - None

Trade and services - Wholesale meat and meat products

         Retail meat and meat products

Direct energy use - None

Waste processing - None

Ouputs: Embodied energy - 67.9 megajoules per tonne food (MJ/t)

Global warming potential (GWP) - 19.3 tonnes CO2 equivalent per tonne food (t CO2 /t)

ii) Convert the GWP into energy land area (UK forest) using carbon sequestration rate of 5.2t CO2

per hectare 8

Energy land (UK forest) for beef = 19.3/5.2 = 3.71 ha/tonne

iii) Conversion of ‘energy land’ (UK forest) area into equivalent area of global average productivity
land assuming equivalence factor of 1.78.

Energy land (global mean productivity) for beef = 3.71 x 1.78 = 6.60 ha/tonne

Soups,  683 3.70 2527 0.0141 

Mineral water 851 0.29 243 0.0014 

Ice-cream & other frozen dairy 944 8.12 7667 0.0426 

     

Soft drinks (concentrated) 860 0.39 333 0.0019 

Soft drinks (ready to drink) 4937 0.37 1812 0.0101 

Soft drinks (low cal, concentrated) 159 0.40 63 0.0004 

Soft drinks (low cal, ready to drink) 2029 0.39 796 0.0044 

     

Beer and lager 2048 0.93 1904 0.0106 

Wine 1131 5.16 5837 0.0325 

Spirits (e.g. whisky) 496 9.27 4592 0.0255 

     

Chocolate confectionery 327 8.67 2837 0.0158 

Non-choc confectionery 122 2.57 312 0.0017 

TOTAL 92537  309942 1.7238 

 

8 Wackernagel, M and Rees, W (1996) Our Ecological Footprint. New Society Publishers, Canada
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(iv) Calculation of direct pasture land required to produce one tonne of beef assuming a yield factor of
24 kg/ha9

1000/24 = 42.25 ha/tonne

(v) Conversion to pasture land area into equivalent area of global average productivity land assuming
equivalence factor of 0.39.

42.25 x 0.39 = 16.29 ha/tonne

(vi) Calculation of the total ecological footprint conversion factor as the sum of energy land and pasture
land required to produce one tonne of beef.

Ecological footprint conversion factor for beef = 6.60 + 16.29 = 22.89 ha/tonne

(vii) Calculation per capita ecological footprint for beef consumption for residents of York.

Averages per capita household food consumption of beef (reported for 1997–1999

for the Yorkshire and Humberside region) = 6.55 kg/person/year

Therefore the ecological footprint per capita for beef = 22.89 x 6.55/1000 = 0.150 ha

(viii) Calculation of the total ecological footprint for beef consumption in York.

Population of greater York in 2000 was 179,800

Hence, total EF for beef consumption in York = 0.150 x 179800 = 26965 ha

Biscuits
(i) Calculation of the GWP of GHG emissions from the embodied energy of one tonne of biscuits

using the EAP software.

Inputs: Cost - £1.20 per kg (from Sainsbury’s online)

Producer - Bread and rusk factories, bakeries, confectioneries, biscuit industry.

Basic goods - flour (1/5), sugar (1/3), fat/oil (1/5)

Packaging - None

Transport - None

Trade and services - Wholesale groceries (general)

       - Retail groceries (general)

Direct energy use - None

Waste processing - None

Ouputs: Embodied energy – 26.4 megajoules per tonne food (MJ/tonne)

Global warming potential – 2.7 tonnes CO2 equiv. per tonne food (t CO2 /t)

(ii) Conversion of the GWP into energy land area (UK forest) using carbon sequestration rate of 5.2 t
CO2 per hectare10.

Energy land (UK forest) for biscuits = 2.7/5.2 = 0.52 ha/tonne

(iii) Conversion of ‘energy land’ (UK forest) area into equivalent area of global average productivity
land assuming equivalence factor of 1.78.

Energy land (global mean productivity) for biscuits = 0.52 x 1.78

                                                                                  = 0.93 ha/tonne

9 FAO: Yearbook
10 Wackernagel, M and Rees, W (1996) Our Ecological Footprint. New Society Publishers, Canada



34

(iv) Calculation of the direct crop land required to produce the flour to make one tonne of biscuits
(assuming 50 per cent flour and a cereal yield factor of 2641 kg/ha11

1000/(2641 x 100/50) = 0.189 ha/tonne

(v) Calculate direct crop land required to produce the sugar for making one tonne of biscuits (assuming
33 per cent sugar and a sugar yield factor of 3229 kg/ha12

1000/(3229 x 100/33) = 0.103 ha/tonne

 (vi) Calculation of direct crop land required to produce the vegetable oil for making one tonne of
biscuits (assuming 20 per cent vegetable oil and a yield factor of 429 kg/ha (mean of yield factors
for olive oil (262 kg/ha) and sunflower oil (596 kg/ha) given by FAO13.

1000/(429 x 100/20) = 0.466 ha/tonne

 (vii) Conversion of the direct crop land area into equivalent area of global average productivity land
assuming equivalence factor of 3.16.

(0.189+0.103+0.466) x 3.16 = 2.40 ha/tonne

(viii) Calculation of the total ecological footprint conversion factor as the sum of energy land and crop
land required to produce one tonne of biscuits.

Ecological footprint conversion factor for biscuits = 0.93 + 2.40 = 3.33 ha/tonne

(ix) Calculation of per capita ecological footprint for biscuit consumption for residents of York.

Averages per capita household consumption of biscuits (reported for 1997–1999

for the Yorkshire and Humberside region) = 6.92 kg/person/year

Therefore, EF per capita for biscuits = 3.33 x 6.92/1000 = 0.023 ha

(x) Calculate total ecological footprint for beef consumption in York.

Population of greater York in 2000 was 178900.

Hence, total EF for biscuit consumption in York = 0.023 x 179800 = 4140 ha

3.3.3 Calculating the Ecological Footprint for Food Packaging

Energy is required to produce the food packaging and, as for food, the EAP software was used to
calculate an ecological footprint conversion factor for each type of packaging as illustrated in Table 3.6
for cardboard drinks cartons and glass (non-recycled).

Table 3.6 Examples of derivation of ecological footprint conversion factors for food/drink packaging

Cardboard 
(beverages) 

GWP/tonne Energy Land Yield Factor Direct Land Equivalence Ecological footprint 
conversion factor 

(1 tonne) (t CO2 equiv)  (kg/ha.)  Factor  (ha/tonne) 

Energy Land 3.31 0.64   1.78 1.13 
Forest Land   890 1.124 1.78 2.00 

Total      3.13 

 

11 FAOSTAT 98 CD-ROM, FAO Statistical Databases (Food and Agriculture Organisation (FAO), United Nations,

Rome, 1999).

12 FAOSTAT 98 CD-ROM, (ibid.)
13 FAOSTAT 98 CD-ROM, (ibid.)



35

Directly determining the weight of each type of food packaging coming into York each year would be
very difficult. An alternative, indirect approach used in this study was to assume that the weight of food
packaging that came into York in 2000 was approximately equal to the weight of packaging disposed of
during 2000 through the domestic waste stream (to landfill and recycling). The conversion factors
described above are appropriate for the embodied energy of waste packaging taken to landfill but, as
less energy is required to produce packaging from recycled material, a second set of conversion factors
was calculated for recycled packaging to take account of this saving. For example, the conversion factor
for recycled glass (Table 3.7) is less than a fifth of the conversion factor for glass manufactured from
virgin materials. Using this method ensures that York is given credit, in terms of a lower ecological
footprint, for recycling instead of landfilling food packaging.

Table 3.7 The ecological footprint conversion factor for the embodied energy of recycled glass
containers

Glass (Only used 
once) 

GWP/tonne Energy Land Yield Factor Direct Land Equivalence Ecological footprint 
conversion factor 

(1 tonne) (t CO2 equiv)  (kg/ha.)  Factor  (ha/tonne) 

Energy Land 8.39 1.61   1.78 2.87 

Total      2.87 

 

Glass (Recycled) GWP/tonne Energy Land Yield Factor Direct Land Equivalence Ecological footprint 
conversion factor 

(1 tonne) (t CO2 equiv)  (kg/ha.)  Factor (ha/tonne) 

Energy Land 1.43 0.28   1.78 0.49 

Total      0.49 

 

These two sets of conversion factors were then multiplied by the tonnage for each type of food packaging,
both landfilled and recycled, to produce the ecological footprint as shown in Table 3.8.
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Table 3.8 Calculation of ecological footprint for embodied energy of food packaging

Food packaging item Tonnage to 
landfill 

Packaging 
conversion 

factor (landfill) 
(ha/tonne) 

Total ecological 
footprint 

(landfill) (ha) 

Tonnage 
recycled 

Packaging 
conversion 

factor 
(recycled) 

(ha/tonne) 

Total ecological 
footprint 

(recycled) 

(ha) 

Total ecological 
footprint (landfill + 

recycled) 

(ha) 

Liquid Containers 
(Paper cartons) 

419 3.13 1,312      1,312  

Card packaging 3,543 2.56 9,059      9,059  

Plastic film 2,930 2.79 8,167      8,167  
Plastic drink bottles 
(PET) 

670 2.31 1,546  20 1.87 37.44  1,583  

Food packaging 
(LDPE) 

1,423 2.42 3,444      3,444  

Dense plastic (HDPE) 1,464 2.20 3,217      3,217  
Glass bottles 5,526 2.87 15,857  1,380 0.49 674.65  16,532  

Steel cans 3,516 1.76 6,173  20 0.84 16.73  6,190  

Aluminium cans 335 6.72 2,252  40 0.40 16.01  2,268  
Aluminium foil 419 8.36 3,499      3,499  

Total 20,245  54,526  1,460  0.00  55,271  

 

3.3.4 Calculating the Ecological Footprint for Transport of Food

In industrialised countries such as Britain, food supply is now synonymous with convenience, extensive
choice, and the year-round availability of both processed and fresh produce. Food production, distribution
and retailing systems have undergone significant change over the past 50 years to make this availability
and choice possible, and as a result there are fundamental differences between the contemporary food
system and its counterpart following the Second World War. The availability, range and source of fresh
fruits and vegetables has been extended, with exotics such as star fruit, mangoes and okra as well as
indigenous varieties which are not, or cannot be, grown throughout the year in Britain, imported in large
quantities. This situation has arisen out of four developments: the modernisation of agriculture; a
commitment to international trade; the provision of transport infrastructure and low transport costs; and
the emergence of the multiple retailers which increasingly co-ordinate the production, processing and
distribution of food products (Jones, 1999).

In this analysis the distance travelled of the different food has been calculated. The country of origin
of 34 different food and drink categories was established. The distance of travel in the country to reach
the port, the sea journey and the travel of the food when it reaches the UK have all been taken into
account. This is converted into the total energy requirement associated with the transportation of the
food types. In turn, this has been converted into the tonnage of fuel (for the MFA), the CO2 emissions
and ecological footprint. The results have made it possible to either understand the impact of individual
food types or establish the total impact of ‘food miles’ in relation to the processing and disposal of food.

Information concerning the imports and country of origin of different food types was supplied by
the UK Department of Environment, Food and Rural Affairs (DEFRA). In most instances the foodstuffs
are transported directly to the UK from the country of origin, however, in certain cases the products pass
through an intermediary country. In the analysis it is assumed that the products are transported directly
to the UK, therefore forming an underestimate.

The DEFRA data are grouped to match the product breakdown in the National Food Survey (employed
to establish food consumption in section 3.3). The main countries of origin (responsible for greater than
1 per cent of imports for each food category) are listed together with the fraction of imports sourced
from each.
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 Fraction 
of total 
imports 

from 
each 

country 
of origin 

Tonnes 
imported 
(to York) 

Stage 1- 
distance to port 

of departure 
(km) 

CO2 
Emissions 
of Stage 1 
(tonnes) 

Stage 2 - 
shipping 
distance 

to UK 
(km) 

CO2 

Emissions 
of Stage 2 
(kg/tonne-

km) 

CO2 
Emissions 
of Stage 2 

(kg) 

CO2 
Emissions 
of Stages 1 
and 2 (kg) 

Australia 1 8 800 1.1 20293 0.0105 1.7 2.81 
Belgium 6 213 100 3.6 217 0.02 0.9 4.49 
Denmark 10 394 200 13.2 1083 0.02 8.5 21.79 
France 13 487 550 45.0 63 0.02 0.6 45.64 
Germany 36 1,363 750 171.7 63 0.02 1.7 173.42 
Greece 1 39 2900 19.1 63 0.02 0.0 19.14 
Irish 
Republic 

32 1,233 160 33.2 224 0.02 5.5 38.68 

Netherlands 2 61 200 2.0 243 0.02 0.3 2.34 
Spain 1 7 1500 1.7 63 0.02 0.0 1.67 
Sweden 1 14 300 0.7 1641 0.02 0.5 1.15 

Total 100 3,819 - 291 - - 19.9 311.13 

 

Table 3.9 provides an example of the imports of milk, cream, yoghurt, fromage frais, condensed
milk and dairy desserts. These imports represent 20 per cent of all diary products; therefore, 80 per cent
of diary products are produced in the UK. The largest imports of diary products come from Germany,
closely followed by the Irish Republic.

Table 3.9 Transportation

Stage 1 is up to the port of departure (by truck) and is the distance between port and the centre of the
country of origin. Stage 2 is the distance by ship to a UK port. The total quantity that is imported to the
UK and destined for York is based on the quantity consumed in York multiplied by the fraction of UK
supplies met by imports. Some of the food and drink types are not produced in the UK at all (e.g.
coffee). The majority of fresh fruit and nuts are imported (92 per cent) while in other cases, such as
potatoes, the majority of produced in the UK, with only 14 per cent imported.

 It is assumed that most bulk products (cereals etc.) are transported to the UK from the Continent by
ship and that all other food products are trucked to a northern port in France, Germany, Belgium and
Holland from where lorries cross to the UK on a large ferry. The only exception to this was fruit and
vegetables travelling from Africa that had to travel by air. The conversion factors employed for calculating
the CO2 emissions per tonne-km were taken from the DEFRA Guidelines for Company GHG Reporting.
The factors used are as follows:

1 Ship (medium bulk carrier) – 10.5 g CO2/tonne-kilometre

1 Ferry (large Ro-Ro) – 20 g CO2/tonne-kilometre

1 Lorry – 168 g CO2/tonne-kilometre

1 Air – 570 g CO2/tonne-kilometre

Table 3.10 provides the results for all the different food types. The results show the CO2 emissions
up to the UK point of entry combined with distribution in the UK. The transportation of the food consumed
in York (up to point of sale) is responsible for 14,617 tonnes of CO2 emissions. This is the equivalent of
0.161 tonnes per capita. The average distance foodstuffs are transported in the UK is calculated by
dividing the figure for food products moved in the UK (44.1 billion tonne-kilometres) by total UK food
supplies (92.7 million tonnes) to give a distance of 476 kilometres.
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While fresh vegetables are not the largest consumer item, they do have the largest impact. This is
due to the impact of air freight. Any fresh food item that is imported from Asia or Africa, or even
southern Europe, will have been flown into the UK. The impact of importing fresh vegetables as opposed
to consuming UK grown vegetables is approximately 18 times more. If the product is grown locally
(within 30 km of point of sale) then the variation in impact is even more significant.

Table 3.10 CO2 Emissions and Ecological Footprint of Food Transportation to York

 Food 
consumption 
in York 
(tonnes/year) 

Fraction 
imported 

(%) 

Quantity 
Imported 
(consume
d in York) 
tonnes 

CO2 
emissions 
associated 
with food 
imports 
(tonnes) 

CO2 
emissions 
associated 
with UK food 
distribution 
(tonnes) 

Total CO2 
emissions 
(tonnes) 

kg CO2 

/kg food 

Milk and cream 19,030 20 3,819 0.3 1521.5 1521.8 0.080 
Cheese 834 48 400 48.2 66.7 114.8 0.138 
Bovine Meat 1,154 22 254 38.0 92.3 130.3 0.113 
Lamb and Mutton 458 32 148 39.9 36.6 76.5 0.167 
Pork, ham and bacon 1,942 42 816 46.5 155.3 201.8 0.104 
Poultry 1,787 21 377 37.2 142.8 180.1 0.101 
Other meat products 3,482 34 1,173 157.9 278.4 436.2 0.125 
Fish 1,420 92 1,310 185.8 113.5 299.3 0.211 
Eggs 1,057 10 108 8.1 84.5 92.7 0.088 
 Butter, margarine, spreads 
and other animal fats 

 
1,448 

 
57 

 
832 

 
80.1 

 
115.8 

 
195.9 

 
0.135 

Vegetable oil 541 70 376 57.5 43.2 100.7 0.186 
Sugar 1,063 65 692 109.3 85.0 194.3 0.183 
Other sugars and syrups 
and honey 

348 59 206 32.6 27.8 60.4 0.174 

Fresh potatoes 6,643 14 939 93.5 531.1 624.6 0.094 
Fresh vegetables 6,863 31 2,144 4131.1 548.7 4679.8 0.682 
Processed vegetables 4,911 54 2,638 454.5 392.6 847.1 0.172 
Fresh fruit and nuts 6,011 92 5,537 1058.6 480.5 1539.2 0.256 
Processed fruit 614 99 606 145.2 49.1 194.3 0.316 
Fruit juice 2,538 36 906 162.7 202.9 365.6 0.144 
 Baker's wares, cakes, 
biscuits, and breakfast 
cereals 

 
13,102 

 
3 

 
329 

 
27.0 

 
1047.5 

 
1074.6 

 
0.082 

Flour 605 2 14 1.3 48.3 49.6 0.082 
Coffee 137 100 137 28.1 11.0 39.1 0.285 
Cocoa 27 100 27 4.0 2.2 6.2 0.227 
Tea 321 100 321 78.0 25.6 103.6 0.323 
Food drinks 55 25 14 1.5 4.4 5.9 0.108 
Soup 669 6 41 6.0 53.5 59.4 0.089 
Mineral water 834 9 78 7.8 66.7 74.5 0.089 
Soft drinks 7,825 5 352 46.4 625.6 672.0 0.086 
Beer, Lager and alcopops 2,007 9 180 15.0 160.4 175.4 0.087 
Whiskey and other spirits 
and liqeurs 

 
486 

 
21 

 
100 

 
18.9 

 
38.8 

 
57.8 

 
0.119 

Wine 1,109 100 1,109 217.8 88.6 306.4 0.276 
Chocolate Confectionery 321 18 56 4.1 25.6 29.7 0.093 
Non-chocolate 
confectionery 

119 18 21 2.8 9.5 12.3 0.103 

Ice Cream 925 19 178 20.7 74.0 94.7 0.102 

Totals 90,684  26,237 7,366 7,250 14617 0.161 
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The ecological footprint of ‘food miles’ is 5,003 hectares. This is calculated as follows:

14,617 tonnes of CO2/5.2 (Carbon sequestration rate – ha/tonne)

x 1.778 (Global equivalence factor) = 5003 hectares

This represents a small contribution to the total ecological footprint of processing and packaging
food. However, it is also a component that can be acted on, that is increasing the production of local
food. This in turn has the capacity to boost the local economy and reduce ecological impact. In conclusion,
regional and global economic integration entails ever more transport. The distances between producer
and consumer, suppliers and manufacturers are increasing. Production and lifestyle based on high volumes
of long-distance transportation carry an unsustainable burden of energy use.

3.3.5 Methane emissions from food and food packaging waste in
landfill site

As organic matter decomposes anaerobically in landfill sites it produces methane (CH4), a powerful
greenhouse gas. These emissions are therefore included as part of the ecological footprint (Table 3.11).
Details of the method used to calculate the annual CH4 emissions due to organic waste in Harewood
Whin waste disposal site are given in Section 3.4.

Table 3.11 The annual methane emissions and equivalent ecological footprint for York’s domestic food
waste (and packaging) disposed of at the Harewood Whin landfill site

Food waste category tonnes/year 
landfilled 

Ecological footprint 
conversion factor 
(ha/t) 

Ecological 
footprint (ha) 

Methane 
emissions 
(t/year) 

Liquid Containers (cartons)          419   0.398           167           23  

Card packaging       3,543   0.398       1,410         196  

Food waste     14,652   0.149       2,187         305  

          3,764         524  

 

3.3.6 Total Material Flow Analysis and Ecological Footprint of Food

Table 3.12 provides the results of the material flow analysis (MFA) for food.

Table 3.12 MFA of Food

Material Input (tonnes) Economy  Material Output (tonnes) 

Materials    Waste Disposal  
Food/drink  92,537 Consumption 72,291  Food waste to 

landfill 
14,652 

Food/drink 
packaging  

21,705 Recycling of 
packaging 

1,460  Packaging waste 
to landfill 

20,245 

Energy 
Carriers 

   Greenhouse Gas Emissions (as t 
CO2 equivalents)            

Packaging 
Materials 

29,797   Packaging 
materials 

136,789 

Transport 5,054   Transport 14,927 

Food/drink 261,263   Food/drink 452,729 

Waste transport 71   Waste transport 214 

Landfill 75   Landfill 
processing 

227 
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To provide York with 92,537 tonnes of food a total of 515,000 tonnes of materials is required. Over
100,000 tonnes are hidden flows while the majority is energy carriers (over 300,000 tonnes). For every
tonne of food consumed in York 0.25 tonnes of packaging is required. Most of this packaging is sent to
landfill. On the outputs, 22 percent of all food brought into York is not eaten and ends up in the domestic
waste stream. GHG emissions for food total over 600,000 tonnes (3.37 tonnes per York resident). The
majority of these emissions can be associated with the production and processing of the food.

The total ecological footprint of food is 406,348 hectares (2.26 ha per capita). Figure 3.1 provides a
breakdown of this figure.

Figure 3.1 A breakdown of the ecological footprint of food

The majority of the ecological footprint for food is not the land area required to directly grow/rear the
food, but the land area required to sequester the GHG emissions (as CO2 equivalents) from the embodied
energy of food and packaging. The impact of transportation and methane production from landfill is
relatively small in comparison.

3.4 Domestic solid waste disposal and methane emissions
from landfill

3.4.1 Method for Calculating the Ecological Footprint for Methane
Emissions from Solid Domestic Waste at the Harewood Whin
Landfill Site

Methane (CH4) is the second most important GHG (after CO2) and has a GWP many times that of CO2.
GWPs are a measure of the relative global warming effect of a given substance compared to another
(usually CO2 as is the case in this study) integrated over a chosen period of time (the so-called ‘time
horizon’). The need to specify the time horizon arises from the fact that different GHGs have different
lifetimes in the atmosphere; about 12 years for CH4 and about 150 years for CO2. The choice of time

    Methane from 
landfill 

524 

Hidden Flows    Mine Dumping and Back-filling 

Packaging 
Materials 

27,864   Packaging 
Materials 

27,864 

Energy carriers 
- packaging 

74,655   Energy carriers - 
packaging 

74,655 
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horizon used for determining the GWP of a gas depends on whether the user wants to emphasis short-
term processes (e.g. the speed of climate change) rather then longer-term processes (e.g. sea level rise).
The Intergovernmental Panel on Climate Change (IPCC)14 present GWPs for 20, 100 and 500 year time
horizons; the GWPs given for CH4 being 62, 23 and 7 respectively (CO2 = 1). The 100 year time horizon
was chosen for the purpose of the Kyoto Protocol on Climate Change and it is the GWPs based on this
time horizon that have also been assumed for the current study. In this report therefore, CH4 is assumed
to have a potency 23 times that of CO2. This assumption is important because the ecological footprint of
the CH4 emissions from Harewood Whin landfill site would have been almost three times bigger (i.e.
with a GWP of 62 rather than 23) if the shorter time horizon had been chosen.

Approximately 5–20 per cent of annual global anthropogenic CH4 emissions are the by-product of
the anaerobic decomposition of organic waste in landfill sites. Over the next 20 years, methane emissions
from rotting organic matter in British landfill sites are likely to cause as much warming as half of all the
country’s transport emissions15. Waste disposal on land will result in CH4 production if the waste contains
organic matter. In particular, managed disposal (controlled placement of waste), as is the case at the
disposal site at Harewood Whin in York, tends to encourage the development and maintenance of the
anaerobic conditions which lead to the formation of CH4. Organic waste in landfills is broken down by
bacterial action resulting in the formation of CH4 and CO2 (termed ‘landfill gas’). The more degradable
organic matter (DOM) there is in the waste, the more landfill gas is produced. Landfill gas consists of
approximately 50 per cent CO2 and 50 per cent CH4 by volume. The CO2 released from the decomposition
of organic material from crops or forests, which are regrown on an annual basis, are not treated as net
emissions for the purposes of the IPCC and therefore, are not included when calculating the landfill
ecological footprint for York. Landfill gas from these sites can be collected and utilised in energy-from-
waste electricity generating plants. This is the case at Harewood Whin where approximately 70 per cent
of the CH4 is recovered16 (4,425,260 m3 in 2000) and converted into ‘green’ electricity that is then
exported to the national grid.

The method used to calculate the annual CH4 emissions from the Harewood Whin waste disposal
site was based on the default methodology recommended in the IPCC Guidelines17. This is a mass
balance approach which involves estimating the degradable organic carbon (DOC) content of the waste,
i.e. the organic carbon that is accessible to biochemical decomposition. The IPCC guidelines give default
DOC values for the major organic waste streams (see Table 3.13) and these were assumed for the
present study.

Table 3.13 Default degradable organic carbon (DOC) values for the major waste streams

14 IPCC (2001), Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press.

15 Quote from Euan Nesbet in the New Scientist, 16 February 2002, pp 6-7.
16 At Harewood Whin, the methane recovery rate in capped areas is > 90% and the overall recovery rate for the

whole site is estimated to be in excess of 70 per cent; Nick Dawber, Natural Power, personal communication.
17 IPCC (1996) Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Intergovernmental

Panel on Climate Change

Waste stream DOC (% by weight) 

Paper and textiles 40 

Garden and park waste, and other (non-food) organic 
putrescibles 

17 

Food waste 15 

Wood and strawa 30 

a excluding lignin C  
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The following equation was used to calculate the landfill CH4 emissions per tonne for each category
of organic waste:

CH4 emission (tonnes/year) = MCF x DOC x DOCF x F x 16/12 x (1- R) x (1-OX)

Where:

MCF = methane correction factor (1 for managed sites like Harewood Whin)

DOC = degradable organic carbon content of the organic waste (see Table 3.11 above)

DOCF = fraction dissimulated DOC; i.e. the portion of DOC converted to landfill gas (IPCC
default = 0.77)

F = fraction of CH4 in landfill gas (IPCC default = 0.5)

R = fraction of methane recovered (= 0.7 for Harewood Whin)

OX = oxidation factor (UK default value = 0.1)

These landfill CH4 emission factors were then multiplied by 21 to give the GWP as CO2 equivalents.
Ecological footprint conversion factors (as hectares per tonne organic waste) were then calculated (see
Table 3.14) for each of the organic waste streams as follows. The equivalent CO2 emissions were converted
into ‘energy land’ (assuming 5.2 hectares of newly planted forest in the UK can sequester one tonne of
CO2 per annum) and the energy land area then converted into the equivalent area of land of global
average productivity (assuming an average UK forest productivity of 1.78 times the global average).

Table 3.14 Ecological footprint conversion factors for landfilled organic waste methane emissions

Paper, 
card 
and 
textiles 

Degradable 
Organic 
Carbon  

Fraction of 
DOC 
dissimilated 

Fraction of 
CH4 in landfill 
gas 

Fraction 
recovered  
CH4                        

Oxidation 
factor       

Methane 
emissions 
per tonne  

Methane 
emissions 
per tonne 

GWP/tonne Energy 
Land 

Equi-      
valence 

Ecological 
footprint  

(1 
tonne) 

(DOC)  (DOCF)  (F) (R)  (OX) (t C /year) (t CH4/year) (t CO2 equiv) (ha) Factor  (ha/tonne) 

 0.40 0.77 0.50 0.70 0.10 0.0416 0.0554 1.16 0.224 1.78 0.398 

            

Garden 
and 
park 
waste, 

Degradable 
Organic 
Carbon  

Fraction of 
DOC 
dissimilated 

Fraction of 
CH4 in landfill 
gas 

Fraction 
recovered  
CH4                        

Oxidation 
factor       

Methane 
emissions 
per tonne  

Methane 
emissions 
per tonne 

GWP/tonne Energy 
Land 

Equi-      
valence 

Ecological 
footprint  

(1 
tonne) 

(DOC)  (DOCF)  (F)    (R)  (OX) (t C /year) (t CH4 
/year) 

(t CO2 equiv) (ha) Factor  (ha/tonne) 

 0.17 0.77 0.50 0.70 0.10 0.0177 0.0236 0.49 0.095 1.78 0.169 

            

Food 
waste 

Degradable 
Organic 
Carbon  

Fraction of 
DOC 
dissimilated 

Fraction of 
CH4 in landfill 
gas 

Fraction 
recovered  
CH4                        

Oxidation 
factor       

Methane 
emissions 
per tonne  

Methane 
emissions 
per tonne 

GWP/tonne Energy 
Land 

Equi-      
valence 

Ecological 
footprint  

(1 
tonne) 

(DOC)  (DOCF)  (F)    (R)  (OX) (t C /year) (t CH4 
/year) 

(t CO2 equiv) (ha) Factor  (ha/tonne) 

 0.15 0.77 0.50 0.70 0.10 0.0156 0.0208 0.44 0.084 1.78 0.149 

            

Wood 
and 
straw 

Degradable 
Organic 
Carbon  

Fraction of 
DOC 
dissimilated 

Fraction of 
CH4 in landfill 
gas 

Fraction 
recovered  
CH4                        

Oxidation 
factor       

Methane 
emissions 
per tonne  

Methane 
emissions 
per tonne 

GWP/tonne Energy 
Land 

Equi-      
valence 

Ecological 
footprint  

(1 
tonne) 

(DOC)  (DOCF)  (F)    (R)  (OX) (t C /year) (t CH4 
/year) 

(t CO2 equiv) (ha) Factor  (ha/tonne) 

 0.30 0.77 0.50 0.70 0.10 0.0312 0.0416 0.87 0.17 1.78 0.299 
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The tonnages of paper (including card) and textiles, garden waste and food waste disposed of at Harewood
Whin during the year 2000 were then multiplied by the ecological footprint conversion factors for each
type of organic waste to give the ecological footprint for each category of organic waste (see Table
3.15). (The category ‘wood and straw’ does not form a significant component of domestic waste and
therefore, was not included in the analysis for domestic waste).

Table 3.15 The annual methane emissions and equivalent ecological footprint for methane emissions
from York’s domestic solid waste disposed of at the Harewood Whin landfill site

Organic waste category tonnes/year 
landfilled 

Ecological footprint 
conversion factor 
(ha/t) 

Ecological 
footprint (ha) 

Methane 
emissions 
(t/year) 

Paper, card and textiles 30,560   0.398     12,163         1,694   

Garden waste   6,028   0.169       1,020            142   
Food waste 14,652   0.149       2,187            305   

        15,370         2,141   

 

3.4.2 Domestic Waste Collection, Transport to Landfill and Processing at
Landfill

For domestic waste collected from households (bins and kerbside collection) the average distance travelled
by the waste collection lorries in York is 72 km/vehicle/day, including transport to the Harewood Whin
landfill disposal site18. If a CO2 emission factor for diesel of 808.6 g CO2/km (given in UK emission
factors database for rigid HGVs for the year 2000) is assumed, this equates to 58.22 kg CO2/vehicle/
day. As the average load per waste truck in York is 9.5 tonnes (York City Council, pers. com., 2001),
the CO2 emissions per tonne of collected waste were calculated thus:

58.22 ÷ 9.5 = 6.128 kg CO2 per tonne waste

For domestic waste taken directly to landfill from civic amenity sites, a figure of 14 km/vehicle/day
can be assumed which equates to 1.192 kg CO2 per tonne waste.

The CO2 emission factors (per tonne waste) were then converted into waste transport conversion
factors (ha/t) assuming 5.2 tonnes of  CO2 can be sequestered by one hectare of forest and an equivalence
factor for energy land of 1.78, e.g. for domestic refuse bins:

Waste transport (bins) conversion factor = 6.128 x 1.78 ÷ 5.2 ÷ 1000 = 0.00210 ha/tonne waste

Lastly, the waste transport conversion factors were multiplied by the annual tonnage of waste
landfilled to give the equivalent ecological footprint in hectares (Table 3.16).

18 Personal communication, Sarah Goodhead, City of York Council
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Table 3.16 Ecological footprint calculation for collecting and transporting York’s domestic waste to the
Harewood Whin landfill site

Domestic waste 
source 

Tonnes waste 
to landfill 

Average 
distance 
travelled 
(km/day) 

CO2 emission 
factor (g 
CO2/km) 

Transport 
emission factor 
(kg CO2/t 
waste) 

Waste transport 
conversion 
factor (ha per 
tonne waste) 

 Ecological 
footprint (ha)  

 Per capita 
ecological 
footprint 
(ha)  

Domestic refuse 
bins 

67980 72 808.6 6.128 0.00210 142.61 0.00079 

Civic amenity sites 15745 14 808.6 1.192 0.00041 6.42 0.00004 

Total 83725     149.03 0.00083 

 

After it arrives at the landfill site, the waste is spread and compacted by bulldozer/compactor. The fuel
energy required to do this is approximately 80 MJ per tonne which equates to a GWP of 6.5 kg CO2-
equivalent per tonne waste.19 The ecological footprint for landfill processing was then calculated after
conversion of the CO2 emissions into equivalent energy land (dividing by 5.2) and then into the equivalent
land area of global average productivity (multiplying by 1.78) as shown in Table 3.17.

Table 3.17 Ecological footprint calculation for spreading and compacting York’s domestic waste at the
Harewood Whin landfill site

 Tonnes green 
waste 
composted 

Average 
distance 
travelled 
(km/trip) 

Diesel 
consumption per 
tonne green 
waste (litres) 

CO2 emission 
factor  (g 
CO2/km) 

CO2 emission 
factor (kg CO2 

per tonne 
waste) 

CO2 
emissions 
(tonnes CO2) 

Total 
ecological 
footprint (ha)  

Per capita 
ecological 
footprint 
(ha)  

Transport 3570 11.3  808.6 1.218 4.35 1.49 0.00001 

Composter 
(shredder+ 
screener) 

3570  6.1  15.970 57.01 19.52 0.00011 

Total      61.36 21.00 0.00012 

 

3.4.3 Waste Recycling

The energy land saved by recycling York’s food packaging has already been accounted for in Section
3.2.2. However, substantial quantities of two other categories of York’s domestic waste are also recycled
i.e. paper/card and ferrous metals (other than steel cans) (Table 3.18).

Table 3.18 Ecological footprint calculation for energy used in transporting and recycling York’s
domestic paper/card and metal waste (excluding paper/card and metal food packaging)

19 Calculated by the EAP (Energy Analysis Program), Center for Energy and Environmental Studies, University
of Groningen, The Netherlands

Waste 
category 

Tonnes 
waste 
recycled 

Average 
distance 
travelled 
(km/round trip) 

CO2 transport 
emission factor  
(g CO2/km) 

CO2 transport 
emission factor 
(kg CO2 per 
tonne waste) 

GWP for 
process energy 
use (kg CO2 
equiv. per 
tonne waste)  

CO2 
emissions 
(tonnes 
CO2) 

Total 
ecological 
footprint 
(ha)  

Per capita 
ecological 
footprint 
(ha)  

Paper/card 2590 127 505.1 6.756 2841 7376 2525 0.01404 

Other 
ferrous 
metal 

505 10 808.6 0.851 2447 1236 423 0.00235 

Total      8612 2948 0.01640 
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3.4.4 Organic Waste Composting

Domestic green waste taken by York residents to the Foss Islands Road or Towthorpe waste depots is
transported to Harewood Whin for composting. The compost produced at the Harewood Whin composting
facility is subsequently returned to the waste depots for free collection and use by those York’s residents
disposing of green waste. Energy is required to transport the green waste to Harewood Whin, to operate
the shredder and screener and to return the finished compost to the depots. The energy used by residents’
cars to take the green waste to the depots is not included in this analysis but will form part of the overall
passenger car transport footprint. The CO2 emissions associated with the energy used to transport the
green waste to, and the compost from, the compost facility were calculated assuming an average of 11.3
km for the round trip20 and an emission factor of 808.6 g CO2/km21 (see Table 3.19). This CO2 emission
factor was then expressed on a per-tonne-waste basis (assuming 7.5 tonnes per load on average) 22 and
multiplied by the tonnage of green waste transported to give the total CO2 emissions that were then
converted into the ecological footprint (21 ha) as before. It can be seen that the bulk of the ecological
footprint is due to the operation of the shredder and screener at the composting facility at Harewood
Whin. This is a very small ecological footprint compared with the 604 ha it would have been responsible
for had it been taken to landfill where it would decompose to release methane.

Table 3.19 Ecological footprint calculation for energy used in composting York’s domestic green waste
at the Harewood Whin composting facility

20 Personal communication, Tony Sharkey, Yorwaste
21 Value given in the DETR UK Emission Factors Database for rigid HGVs for urban use in the year 2000
22 Personal communication, Sarah Goodhead, City of York Council
23 DEFRA (2000) A Guide to Company reporting of Greenhouse Gas Emissions.

 Tonnes green 
waste 
composted 

Average 
distance 
travelled 
(km/trip) 

Diesel 
consumption 
per tonne 
green waste 
(litres) 

CO2 emission 
factor (g 
CO2/km) 

CO2 emission 
factor (kg CO2 

per tonne 
waste) 

CO2 emissions 
(tonnes CO2) 

Total 
ecological 
footprint 
(ha)  

Per capita 
ecological 
footprint 
(ha)  

Transport 3570 11.3  808.6 1.218 4.35 1.49 0.00001 

Composter 
(shredder+ 
screener) 

3570  6.1  15.970 57.01 19.52 0.00011 

Total      61.36 21.00 0.00012 

 

3.5 Energy and Water

3.5.1 Direct Domestic Energy Consumption

Calculation of the ecological footprint of direct domestic energy consumption requires an analysis of
household consumption of electricity and gas. The CO2 emissions from the consumption of energy are
converted into the ecological footprint by considering the amount of land required to sequester the
pollutant. Different fuels produce different levels of CO2 emissions. DEFRA23 conversion factors were
used for calculating the CO2 emissions associated with the r different energy sources. Table 3.20 presents
the CO2 emissions emitted by the use of different fossil fuels.
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Table 3.20 CO2 emissions caused by the use of different fossil fuels

Fuel Type 

 

kg CO2 per kWh 

Gas 0.19 
Coal 0.30 
Oil 0.25 
Petrol 0.24 

 

Of the different fuels listed in Table 3.20, gas produces the lowest emissions of CO2 per kWh. Over the
past 10 years the use of gas within the UK’s overall energy consumption has increased substantially.
The “dash for gas” has been responsible for a considerable reduction in CO2 emissions in the UK. Gas
has also increasingly been used in the production of electricity in the UK. Table 3.21 provides a historical
perspective of the CO2 emissions associated with the generation of electricity.

Table 3.21 Historical perspective on the CO2 emissions of electricity generation in the UK24

Year  

 

kg CO2 per kWh for the production of 
electricity 

1991 0.77 
1992 0.69 
1993 0.62 
1994 0.58 
1995 0.58 
1996 0.58 
1997 0.51 
1998 0.44 
1999 0.44 
2000 0.43 

 

Over the last 10 years the CO2 emissions per kWh have nearly halved due to the way that electricity
is now being generated in the UK. The more natural gas and renewable energy that is used to produce
electricity, the lower the CO2 output per unit. The UK Government has set a target for renewable energy
of 10 per cent by 2010.25 An example of how the CO2 emissions are converted into an ecological footprint
has been given Table 3.22.

Table 3.22 Calculation of the ecological footprint conversion factor for natural gas combustion

  Gas 

  (GWh) 

 GWP/GWh (t 
CO2 equiv) 

Energy land Yield factor 

(kg/ha) 

Direct land Equivalence 
factor 

Ecological 
footprint 
(ha/tonne gas) 

        

  Energy land  190 36.54   1.78 64.96 

  Total       64.96 

 

24 DEFRA (2000) Guidelines for Company Greenhouse Gas Reporting.
25 DTI (2001) Digest of UK Energy Statistics, Department of Trade and Industry, London
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The total CO2 emission for burning 1 GWh26 of gas is 190 tonnes. This figure is converted into the
amount of land required to absorb the CO2 (5.2 tonnes of CO2 is absorbed by 1 hectare of forest).

190 ÷ 5.2 = 36.54 hectares

Global equivalence factors have been applied to the ecological footprint calculations. The global
equivalence factor compares the biomass of all the different land types to assess the amount of productive
area that is being appropriated. More precisely, these factors inform us about the category’s relative
yield as compared to world average land.

36.54 x 1.78 (Global Equivalence Factor for forest land) = 64.96 hectares.

Therefore, the ecological footprint for producing 1 GWh of gas is 64.96 hectares. The ecological
footprints of producing 1 GWh of energy derived from fossil fuels, electricity and renewable sources
are given in Table 3.23.

Table 3.23 The ecological footprint of producing 1 GWh of energy from different energy sources

Therefore, to calculate the ecological footprint of direct energy consumption by households in York, the
total amounts of different forms of energy used by the domestic sector in York are multiplied by the
above conversion factors.

3.5.2 Total Material Flow Analysis and Ecological Footprint of Direct
Energy Consumption

Table 3.24 provides the results of the material flow analysis (MFA) for direct domestic energy
consumption in York.

Table 3.24 MFA of Direct Energy Consumption

Fuel  

 

Ecological Footprint (ha/GWh) 

Gas 65 
Coal 103 
Oil 86 
Petrol 82 
Electricity 150 
Wind27 6 
Solar (photovoltaics) 24 

 

Material Input (tonnes) Economy  Material Output (tonnes) 

      
Energy Carriers    Greenhouse Gas Emissions           

 - Domestic Electricity 19,570   Domestic 
Electricity 

26,920 

 - Domestic Gas 12,060   Domestic Gas 37,389 

Hidden Flows    Mine Dumping and Back-filling 

 - Domestic Electricity 45,788   Domestic 
Electricity 

45,788 

 
26 1 GWh is equivalent to 1,000,000 kWh
27 The ecological footprint of wind and solar have been calculated by Chambers, N., Simmons, C., Wackernagel

M. (2000) Sharing Nature’s Interest, Earthscan
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A total of 31,630 tonnes of fuel is required to provide York’s households with all their direct energy
requirements. An additional 45,788 tonnes of hidden flows are required to provide this fuel.

The ecological footprint was calculated for electricity and gas consumption by the domestic sector
in York (Table 3.25). The City of York Council provided the direct energy consumption data for
households in York28.

Table 3.25 The ecological footprint of energy supply in York

Energy source 

 

Consumption 

GWh 

 

Ecological footprint 

Electricity (domestic) 523 78,730 
Gas (domestic) 1,686 109,348 
Total 2,210 188,078 

 

The total ecological footprint of domestic energy consumption in York is 1.05 hectares per capita.
Domestic gas consumption has the highest ecological footprint (0.61) followed by domestic electricity
consumption (0.44). A detailed scenario analysis of direct energy consumption has been conducted in
Chapter 6.

3.5.3 Domestic Water Supply

Energy is used to abstract water from the river, to treat it (filtration, chlorination etc.) and then to pump
it to the end consumer. Yorkshire Water estimates that during 2000, the electrical energy required to
supply greater York with potable water amounted to 370 kWh/megalitre (kilowatt-hours per 1,000,000
litres) 29. This energy use for water supply was converted into the equivalent ecological footprint  as
shown in Table 3.26.

Table 3.26 Calculation of the ecological footprint for York’s domestic water supply

Domestic water 
usage (megalitres) 

Unit (electrical) energy 
requirement 
(kWh/megalitre) 

Energy used for 
domestic water 
supply (GWh) 

Electrical energy 
conversion factor 
(ha/GWh) 

Ecological 
footprint (ha) 

Per capita 
ecological 
footprint (ha) 

12243 370 4.530 150.42 681.40 0.0038 

 

In York, each household requires 168 litres a day. The total ecological footprint for water is very small
in comparison with all the other components as it takes very little energy to provide households with
their water requirements.

28 Personal communication, Lance Saxby and Owen Daggart, York City Council
29 Personal communication, Tony Appleton and Nitesh Patel, Yorkshire Water.
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3.6 Passenger Transport

3.6.1 Calculating the Ecological Footprint of Passenger Transport

In order to provide an assessment of the environmental impact of passenger transport in York, an analysis
of the main transport modes used by York residents was undertaken. The ecological footprint methodology
was used to calculate the impact of travelling by air, bicycle, local bus, car, motorcycle and train.
Walking was excluded from this analysis as the impact of walking is considered to be negligible.

The ecological footprint of passenger transport combines a number of important activities that have
an impact on the environment. These include the:

1 emissions of carbon dioxide, nitrous oxide and methane from the burning of petroleum;

1 emissions of carbon dioxide from the manufacture of vehicles;

1 emissions of carbon dioxide from the maintenance of vehicles; and

1 land use for transport (e.g. road space, car parks).

The model described below is used to calculate the environmental impact of the main modes of passenger
transport used in York. Data on fuel consumption, energy requirements of manufacturing and
maintenance, the land area occupied by roads in both York and the UK and the distance travelled have
been used to calculate the environmental impact of car travel. Table 3.27 demonstrates how an average
ecological footprint estimate is derived for a single passenger-kilometre. This can then be used to calculate
the impact of vehicle use at the individual, organisational or sub-regional level as required.30

Table 3.27 An example analysis for the footprint of UK car travel per passenger-kilometre. (Source:
Updated from Simmons, Lewis and Barrett (2000))

Component Additional 

information 

CO2 emissions Built-upon 

land 

Ecological footprint 

1Petrol  0.22 kg/km  0.00004399 ha/car-km 
2Maintenance &  
     manufacture 

  
0.099 kg/km 

  
0.00001934 ha/car-km 

3Road Space    3,047,145 ha  
4Car Road Share  86%    
5Car km (000's) 6,160,000,000    
6Car Occupancy  1.6 persons    
FOOTPRINT   0.00000004 

ha/car-km 
0.0000390 ha/pass-km 

GLOBAL FOOTPRINT 0.0000694 ha/passenger-km 

 NOTES

1The UK Emission Factors Database (2000); 2 Wackernagel and Rees (1996); 3 DETR (1999) with an estimated average road
width of 8.2 m; 4 DETR (1999, page 39); 5 British Road Federation (BRF, 1999); 6 DETR (1999) National Travel Survey.

The UK Emission Factors Database31 provides CO2 emission factors (per km) for a range of different
vehicles. The database also provides emissions factors for different speeds and type of roads used by the
vehicle. It was decided to use this database as it is recognised by the UK Department of Transport and

30 Simmons, Lewis and Barrett (2000). Two feet – two approaches: a component-based model of ecological
footprinting, Ecological Economics, Vol. 32., No.3., pp375-380.

31 The UK Emissions Database is produced by the London Research Centre and can be obtained from the
following website address: http://www.rsk.co.uk/ukefd/
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Local Regions (DTLR) and local authorities as the most comprehensive collection of emission factors.
Also, the database considers the full range of pollutants that are to be analysed in this study.

The ecological footprint of car travel also includes the road space occupied by cars. In total, cars are
responsible for 86 per cent of road space. This figure does not need to be converted in a footprint figure,
as it is already a type of land (built land). Finally, the total figure is converted into passenger-km by
considering the average occupancy of a car (1.6 persons). The advantage of combining car occupancy
into the calculations is that the higher the car occupancy the lower the impact per person of using the
car. This makes it possible to consider three elements in the calculation:

1 the ecological footprint can be calculated on a individual basis;

1 the ecological footprint of car travel is not solely the impact of a particular car, but the shared
impact of individuals;

1 scenarios can be developed for reducing the ecological footprint of transport e.g. car sharing.

The ecological footprint is adjusted to a world-average productivity land unit with the use of the
Global Equivalence Factors. For energy land, this is a factor of 1.78 and for built land this is a factor of
3.16. Table 3.28 presents the ecological footprint per passenger-km for the different transport modes.

Table 3.28 The ecological footprint and ecological footprint index (100 = car) of different modes of
transport

 
Transport mode 

Ecological footprint 

(m2 per 1000  

passenger-km) 

Ecological footprint 
index (100=car) 

Aeroplane 500 86 
Bicycle 20 3 
Bus 397 67 
Car 590 100 
Motorcycle 370 62 
Taxi 600 102 
Train 210 36 
Walking 0 – 

 

Before considering the distance travelled by each of the different transport modes it is clear that the car
(including taxi) has a larger impact per km than travelling by bus, bicycle, motorcycle and train. Cycling
has the lowest impact (apart from walking which has a zero footprint) and is only 3 per cent of the
impact of a car for every kilometre travelled. The conversion factor used to calculate the ecological
footprint of car travel can change over time to reflect increases in the efficiency of cars and the amount
of carbon dioxide emitted. Increases in car occupancy and speed are other factors that change the
algorithm. A number of examples are given below to demonstrate this point.

The footprint of car travel can be used to model a range of different future scenarios such as the
ecological footprint of passenger transport in 2010 if a combination of the following measures where
implemented:

1 an increase in fuel efficiency, car occupancy or travelling a more energy efficient speed; and

1 introduction of efficient and reliable public transport.



51

3.6.2 Total Material Flow Analysis of Passenger Transport

Table 3.29 provides the results of the material flow analysis (MFA) for the fuel used in passenger
transport by York residents. A total of 11,750 tonnes of fuel is required by passenger transport in York.
This produces over 36,000 tonnes of CO2 emissions.

Table 3.29 MFA of Passenger Transport

Material Input (tonnes) Economy (tonnes) Material Output (tonnes) 

      

Energy Carriers   Greenhouse Gas Emissions           

 - Air                 126     - Air                   392  

 - Bus                 408     - Bus                1,228  

 - Car              10,727     - Car               33,371  

 - Motorcycle                   64     - Motorcycle                   198  

 - Train                 425     - Train                   750  

Hidden Flows    Mine Dumping and Back-filling 

 - Train  

(Energy 
Carriers) 

                765     - Train                   765  

 

3.6.3 Calculating the Ecological Footprint of Passenger Transport in York

In order to calculate the ecological footprint of passenger transport in York, data were obtained for the
main modes of transport used by the residents of York: air, bicycle, local bus, car, motorcycle and train.
For each mode the passenger-kilometres travelled were calculated using local, regional and national
data. National data on the percentage share of passenger kilometres travelled by each mode were used to
calculate a passenger-kilometre (pass-km) figure (DTER, 2000). This figure was multiplied by the
population of York to calculate a proxy figure for the total pass-km travelled by air, bicycle and motorcycle
in York.

Travel by car
Data on car ownership per capita in York from the 1991 Census were used to calculate the number of
passenger-kilometres travelled by car. The 1991 figure was compared with the national car ownership
per capita figure for 2000. The percentage difference between these figures was used to adjust car
ownership per capita in York to gain a proxy figure for the year 2000. This figure was then multiplied by
the national average pass-km travelled by car to gain a figure for the number for the total pass.-km
travelled using a car by York residents.

Travel by local bus
The figure for the total pass-km travelled by local bus was obtained from the City of York Council for
the financial year 2000–2001 and was based on returns from the bus operators in York. This figure was
multiplied by the average bus occupancy rate (12 persons) to obtain the total pass-km of 90,473,476 for
York. This figure is higher than the national figure of 70,841,200 pass-km and the regional average of
87,961,378 pass-km.
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Travel by rail
The value for total pass.-km travelled by rail was calculated using regional data for Yorkshire and
Humberside (DTLR, 2001). The average pass-km per capita for rail in the region was calculated and
multiplied by the population of York to obtain the total pass.-km travelled by York residents using rail.

3.6.4 Results of the Ecological Footprint of Passenger Transport in York

Table 3.30 presents the ecological footprint of the main modes of passenger transport in York. Car use
has a significant impact on the ecological footprint of York due to the CO2 emissions from direct fuel
combustion and as well as the resources required and waste produced (including further CO2 emissions)
during the production, use and maintenance of the vehicles and their associated infrastructure. The
average person in York travelled 10,587 km in 2000 of which 9,200 km were undertaken by car.

Table 3.30 Ecological footprint of passenger transport in York

Transport Mode Passenger-kilometres  
travelled 

Ecological footprint  
per km 

Total ecological footprint 

Air 22,906,457 0.0000500 1,145 
Bicycle 15,689,354 0.0000017 26 
Bus 90,473,476 0.0000397 3,591 

Car 1,654,222,306 0.0000590 97,599 

Motorcycle 15,689,354 0.0000370 580 

Train 104,507,081  0.0000210 2,194 

Total 1,903,488,028  105,138 

 

Table 3.31 compares the ecological footprint of transport with the current modal split. The percentage
modal split shows that the car is only responsible for approximately 55 per cent of trips in York while
bus travel is responsible for 6.3 per cent. The remaining modes of transport are responsible for between
18.6 per cent (bicycle) to 1.1 per cent (train). However, in terms of the ecological impact, car travel is
responsible approximately 93 per cent of the total impact followed bus (3 per cent) and train (1 per cent)
of all passenger transport in York.

Table 3.31 A comparison between modal split and the ecological footprint

Mode Percentage  

of total ecological footprint 
Modal split* 

 

Air 1 - 
Bicycle 0.03 18.6 
Bus** 3 6.3 

Car***  93 54.7 

Motorcycle 1 3 

Train 2 1.1 

Walking - 16.4 

Total 100% 100% 

 * Figures taken from 2000 Household Survey, City of York Council
** includes park and ride
*** includes taxi
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On a national level, the growth in road traffic is estimated to increase by 38 per cent during the
period 1996–2016. These forecasts are based on current policies, the best available evidence of behaviour,
and the capacity of the current road network. 32 Between 2001 and 2006, an annual 1.69 per cent increase
in road traffic is anticipated.33 The main single factor leading to traffic growth is increasing car ownership.
By 2006, car ownership in the UK is likely to reach an average of 0.47 cars per person due to increased
economic prosperity. Although car ownership in York is approximately 15 per cent below the national
average, it will probably increase in line with the national trend.

In its Local Transport Plan (2000-2005) the City of York Council outlined a hierarchy of road users,
which give a high priority to pedestrians and people with mobility problems, cyclists and public transport
users. The Council has adopted a number of targets for transport, which include limiting the overall
growth in traffic to 4 per cent in the period 1999–2006 and to increase the use of public transport,
cycling and walking. Although an increase in the use of more environmentally friendly modes of transport
is beneficial, in terms of the ecological footprint an increase in the distance travelled using the bus or
train will also increase the ecological footprint of these services. Therefore a sustainable transport plan
will have to address the issue of the need to travel and will have to be co-ordinated with land use
planning to ensure that shopping facilities and essential services are centrally located near residential
areas rather on the outskirts of the city.

3.6.5 The Flow of Transportation Materials

For the purpose of the MFA an analysis of the material input of cars into York has been conducted. The
energy required in the manufacture and maintenance of cars has already been included in the ecological
footprint analysis.

The transportation analysis included two elements; the material requirement of vehicle manufacturing,
and the energy requirement of the transportation of goods and materials. Bouwman and Moll (1998) 34

have calculated the materials required to construct different vehicle types. This detailed life cycle analysis
enables the material requirements of the car industry as a whole to be quantified along with the contribution
for which York’s residents are responsible. Table 3.32 provides the information concerning the material
composition of a car, taken from the above study.

Table 3.32 Material input for the production of an average car35

Material input (kg) Energy input36 (kg) 

Steel 637 Gas 18.2 
Iron 19 Electricity 3.4 
Aluminium 114   
Copper 14 Other input  
Thermoplastics 98   
Rubber 55 Transportation  (tonne-km) 
Glass 33 distance 1673 
Other material 91   

 
32 DETR (1997) National Road Forecasts (Great Britain), Department of Environment, Transport and the Re-

gions, London: http://www.roads.dtlr.gov.uk/roadnetwork/nrpd/heta2/nrtf97/index.htm
33 Cabinet Office (2001), Short Survey of Published Material on Key UK trends: 2001-2011, Performance and

Innovation Unit, London, UK h t t p : / / w w w . c a b i n e t o f f i c e . g o v . u k / i n n o v a t i o n / 2 0 0 1 / f u t u r e s ,
Key%20UK%20Trends%202001-2.pdf

34 Bouwman M and Moll H (1998) Status Quo and Expectations concerning the Material Composition of Road
Vehicles and Consequences of Energy Use, IVEM

35 While the material composition of different cars will vary greatly, the table presents the average material
composition of cars for 2000

36 The energy input is the energy requirement to build the car, not to produce the materials in the first instance
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3.6.6 Total Material Flow Analysis of Transportation Materials

Table 3.33 provides the results of the MFA for York’s cars.

Table 3.33 MFA of Car Materials

Material Input (tonnes) Economy  Material Output (tonnes) 

      

Materials    Waste Disposal  

 - Steel    3,800  Additional 
Stock 

                  
5,559  

 - Materials to 
landfill 

 770  

 - Iron  113      

 - Aluminium  680      

 - Copper  84      

 - Thermoplastics  585      

 - Rubber  328      

 - Glass    197      

 - Other material  543      

Energy Carriers    Greenhouse Gas Emissions           

 - Materials and 
Manufacture 

 263     - Materials and 
Manufacture 

                 
 36,612  

Hidden Flows    Mine Dumping and Back-filling 

 - Materials  63,652     - Materials  63,652  
 - Energy Carriers  910     - Energy 

Carriers 
 910  

 

In 2000, York residents purchased 5,965 new cars. In total, this meant the input of over 6,000 tonnes of
material into York. However, this figure does not represent the total amount of materials required to
provide the final product, the car. In total, over 70,000 tonnes of materials were required to produce
6,330 tonnes of cars. These new cars are responsible for over 34,000 tonnes of GHG emissions. Within
the MFA framework the outputs of car (i.e. cars for disposal) is also considered. In 2000, 700 cars in
York were disposed of weighing a total of 770 tonnes.

3.7 Electrical Equipment and Consumables

Energy and resources are required to provide the resident’s of York with all their consumables. It is
impossible to calculate the total consumption of all electrical and (non-food) consumable items in York,
therefore this study considers the impact of a range of key consumptive items. These include 19 electrical
items, newspapers, card, paper, nappies, batteries and clothes. The amount of the different items and
materials sold in York was calculated for one year. A MFA was conducted which considers the tonnage
of materials entering and leaving York. The material intensity of the different items was taken into
account and examples of these calculations are given below.

3.7.1 The Calculation of Material Intensity of Electrical Equipment

In 2000, nearly 100,000 new electrical and electronic items were bought by York’s residents. This
represents over one new electrical/electronic item per household per year. One in every twenty-five
people purchased a new mobile phone and 20 per cent of households purchased a digital decoder.
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The energy intensity, volume of materials and ecological footprint of providing York with these
items has been calculated in this study. When considering the energy intensity of electrical goods there
are many variables to take into account. The EAP software was used to calculate the material intensity
of the various electrical items and the example of a washing machine has been presented in Table 3.34.
The calculations for the washing machine show that nearly a tonne of GHG emissions is emitted to
produce the final product. This figure had been used to calculate the ecological footprint of a single
washing machine (see Table 3.35). The ecological footprint has been distributed over the life span of
the washing machine. It is estimated that the average washing machine will last for approximately 10
years. This has been calculated by considering the number of washing machines that are disposed of
each year, compared with the number purchased each year. The material make-up of electrical appliances
was taken from a study conducted by the Industry Council for Electronic Equipment Recycling (ICER)37.

Table 3.34 Calculating the GHG Emissions of a Washing Machine

Inputs 

 

kg Energy 
intensity 
(MJ/kg) 

Total energy 
(MJ) 

CH4 (kg) CO2 (kg) N2O (kg) GWP 

(kg CO2 
equiv.) 

Basic Goods        

steel  43 29.96 1,288.28 0.334 142.67 0.0036 150.80 

aluminium  9 168.01 1,512.09 0.391 167.47 0.0042 177.01 

Glass 2 10.57 21.14 0.027 15.57 0.0020 16.79 

 polystyrene (granules) 4 96.05 328 0.056 24.56 0.0068 27.84 

 copper (cathodic)  0.9 97.59 87.83 0.023 9.73 0.0003 10.28 

 paint (alkyd resin)  0.3 65.1 19.53 0.006 1.74 0.0005 2.00 

Packaging        

cardboard (corrugated) 1.3 17.86 23.22 0.006 1.93 0.0009 2.12 

 polystyrene (granules) 0.3 96.05 28.81 0.005 2.16 0.0006 2.45 

 
Other Inputs 

       

residual goods    3,021.68 1.046 425.84 0.0390 459.88 

 capital goods   84.24 0.044 16.56 0.0022 18.16 

Production   368 0.046 23.20 - 24.16 

Means of Transport km MJ per 
tonne-km 

     

Lorry 1000 2.14 114.7 0.014 9.00 0.0020 9.92 

Trade/Services         

 r.t. white goods, audio/visual etc.   465.33 0.054 28.85 0.0006 30.17 

w.t. electrical domestic app. etc.    196.42 0.023 12.11 0.0003 12.66 

Waste Processing        

Collecting and Transport   9.35 0.001 0.68 0.0002 0.75 

Landfill   6.8 0.001 0.51 0.0001 0.55 

Total    7,575.42 2.077 882.58 0.0630 945.54 

 

Table 3.35 The ecological footprint of a washing machine

Washing Machine per 1 GWP/tonne  
(t CO2 equiv.) 

Energy land Yield factor 
(kg/ha) 

Direct  

land 

Equivalence 
factor 

Ecological 
footpint 
(ha/tonne) 

Energy Land  0.095 0.02    1.78  0.032 

Total       0.032 

 

37 ICER (2000) UK Status Report on Waste from Electrical and Electronic Equipment, ICER.
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Table 3.36 provides a breakdown of the amount of different electrical items sold in York during 2000.
These consumption data were calculated by contacting local electrical retailers and comparing this with
national sales. The stock of various electrical equipment was provided by the DEFRA Market
Transformation Programme.38 Finally the output of electrical equipment was calculated by considering
the number of various items that were disposed of in York.

Table 3.36 Different electrical items sold in York (2000)

 
 

Input 
 

 

Stock 
 

Output 
    

Dishwasher 1,063 15,729 1,030 

Washing Machine 5,521 59,637 5,471 

Tumble dryer 1,773 22,938 1,764 

Refrigerator 5,401 28,180 5,364 

Fridge-freezer 1,172 41,288 1,158 

Chest freezer 1,772 28,180 1,778 

Cookers 1,358 65,536 1,358 

Kettles 9,362 65,536 9,362 

Microwaves 4,986 49,860 4,986 

Hi Fi 7,846 59,701 4,975 

TV 15,719 114,303 8,164 

Video Recorder 7,833 63,753 6,375 

Digital Decoder 13,068 12,145  

Answer machine/Telephone 10,377 124,518 10,377 

Mobile phone 11,815 33,505 11,168 

 

3.7.2 Total Material Flow Analysis and Ecological Footprint of Electrical
Equipment

To supply York with 1,370 tonnes of electrical equipment each year requires a total flow of over 74,000
tonnes of material when energy carriers and hidden flows are included. The energy required to maintain
this level of consumption is also considerable (61,465 MJ). Considering the outputs of consumption
reveals that nearly 1,500 tonnes of waste is generated of which the majority is disposed of to landfill.
32,597 tonnes of CO 2 are also produced which is equivalent to 0.2 tonnes CO2 per person per year. By
applying the research conducted by ICER it is possible to determine the material input, material stock
and material output of electrical equipment in York. The hidden flows of electrical and electronic
equipment have also been considered. Table 3.37 provides the MFA results for electronic equipment.

38 For further details see www.mtprog.com
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Table 3.37 MFA of Electrical Equipment

Material Input (tonnes) Economy  Material Output (tonnes) 

      

Materials    Waste Disposal  

 - Ferrous Metals  735     - Materials  1,455  

 - Non-ferrous metals  133      

 - Glass   142      

 - Plastics  113      

 - Other materials  248      

Energy Carriers    Greenhouse Gas Emissions 

 - Manufacturing  13,814     - Materials and 
Manufacture 

 35,191  

 - Materials  1,346      

 - Transport  22     - Transport  67  

Hidden Flows    Mine Dumping and Back-filling 

 - Materials  4,980     - Materials  4,980  
 - Energy Carriers  52,483    - Energy Carriers  52,483 

 

When considering the ecological footprint of electrical items (Table 3.38), the fact that many of the
items are relatively durable means that the ecological footprint is substantially reduced.

Table 3.38 Ecological Footprint of Electrical Equipment in York

Material Input (tonnes) Economy  Material Output (tonnes) 

      

Materials    Waste Disposal  

 - Ferrous Metals  735     - Materials  1,455  

 - Non-ferrous metals  133      

 - Glass   142      

 - Plastics  113      

 - Other materials  248      

Energy Carriers    Greenhouse Gas Emissions           

 - Manufacturing  13,814     - Materials and 
Manufacture 

 35,191  

 - Materials  1,346      

 - Transport  22     - Transport  67  

Hidden Flows    Mine Dumping and Back-filling 

 - Materials  4,980     - Materials  4,980  
 - Energy Carriers  52,483    - Energy Carriers  52,483 

 

The ecological footprint does not consider solely the inputs of new materials into the system but the
impact of the total stock over the life span of this stock. For example, the total stock of washing machines
which is considered is the stock + the inputs – the outputs. This figure is then multiplied by the ecological
footprint per washing machine that takes into account its average life span of 10 years. The total ecological
footprint of electrical and electronic equipment in York is 12,848 hectares. The figures in the volume
column indicate the total number of electrical items owned by York residents.
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3.7.3 Calculating the Ecological Footprint of Consumables

Six important (non-food) consumable items have been considered in order to provide a fuller
understanding of the impact of consumption. In total, these items represent over 32,000 tonnes of materials
that were consumed by York residents in 2000. On average, each tonne travelled 470 km giving a total
of over 15 million tonne-kilometres. The reason why these particular items have been selected is because
they raise major concerns about consumption patterns, represent a high proportion of everyday
consumption and are often items which will have travelled some distance, clothes being a good example
of this as they are transported 7,500 km on average.

The example of newspaper has been given in Table 3.39. As explained, in Section 3.2 the energy
required to produce one tonne of given product is considered first of all using the EAP software. The
authors of the EAP have collated a range of studies on the energy intensities and production process of
different materials enabling the tonnage of GHG emissions to be calculated for a wide range of materials
and products. . For newspapers, the EAP gives 1.73 tonnes of GHG emissions per tonne product. This is
converted into an energy land footprint (employing the sequestration rate used published by Wackernagel
and Rees) of 0.33 hectares per tonne. The global equivalence factor is applied giving a total energy
footprint of 0.59 hectares per tonne. Land is also required to grow the timber for the paper. Therefore, 2
hectares of land is required to grow the timber for the paper, making a total ecological footprint of 2.59
hectares per tonne newspaper.

Table 3.39 Calculation of ecological footprint conversion factor for newspaper

Newspaper GWP/tonne Energy Land Yield Factor Direct Land   Equivalence Ecological footprint 
(1 tonne) (t CO2 equiv)  (kg/ha.)    Factor (ha/tonne) 

Energy Land 1.73 0.33   1.78 0.59 
Forest Land   890 1.124 1.78 2.00 

Total      2.59 

 

Within the calculations the distance that the items have travelled has also been considered. For example,
most of the clothes that are purchased in the UK are imported from Asian countries for reasons of lower
production costs (e.g. cheaper labour and, possibly, less stringent safety and environmental regulations).
This means that the average tonne of clothes will have travelled 7,500 km before reaching the final
destination in York (see Table 3.40)
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3.7.4 Total Material Flow Analysis and Ecological Footprint of
Consumables

Table 3.40 provides the results of the MFA for domestic (non-food) consumables.

Table 3.40 MFA of Domestic Consumables

Material Input (tonnes) Economy  Material Output (tonnes) 

Materials    Waste Disposal  

 Newspapers + 
magazines  

12,308  Recycling 1,507  Materials to 
landfill  

             30,560  

 Paper  10,298      
 Other card  2,428      

 Textiles  1,507      

 Nappies  5,275      

 Batteries  251      

Energy Carriers    Greenhouse Gas 
Emissions            

 

Materials 36,606    Materials 2,697,881 

Transport 93    Transport                   279  

Hidden Flows    Mine Dumping 
and Back-filling 

 

 Energy Carriers  85,470     Energy Carriers  85,470 

 

The MFA of consumables has only considered the hidden flows for the energy carriers. A total of
154,000 tonnes of materials is required to provide 32,000 tonnes of consumable items. The majority of
these materials are disposed of to landfill.

Table 3.41 indicates the results of the ecological footprint for consumables. This also includes the
freight transport for each consumer item. In total, 124,317 hectares of land is required to provide York
residents with all their paper, newspapers and card, clothes, nappies and batteries. This represents an
ecological footprint of 0.69 hectares per capita, an ecological footprint higher than all forms of personal
transport. Three items have a particular high impact; these being nappies, newspaper and other paper.

Table 3.41 Ecological Footprint of Domestic Consumables

 

Consumables 

 
 

 

Tonnes 
consumed  

 

Ecological 
footprint 
conversion 
factor (ha) 

 

Ecological 
footprint 
(ha) 

 

 

Total tonne-
km 

Ecological 
footprint 
transport 
conversion 
factor (ha) 

Ecological 
footprint of 
transport 
(ha) 

Total 
ecological 
footprint for 
consumption 
item (ha) 

Newspapers +    
magazines 

 
12,308 

 
2.59 

 
31,894 

 
1,513,832 

 
0.000489 

 
740.08 

 
32,634 

Other paper 10,298 3.13 32,253 1,266,676 0.000010 12.99 32,266 

Cards 2,428 2.86 6,939 298,647 0.000010 3.06 6,942 

Clothes 1,507 11.32 17,058 11,302,875 0.000005 54.10 17,112 

Nappies 5,275 6.24 32,907 648,785 0.000010 6.65 32,914 

Batteries 251 9.74 2,447 50,235 0.000010 0.5 2,448 
   

 

     

Total 32,067  123,500 15,081,049   124,317 
 

Ecological footprint per capita (ha)     
 

0.69 
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The total ecological footprint of disposable nappies is 32,914 hectares. The fact that the item must
immediately be disposed of once used gives the produce a high ecological footprint compared to reusable
nappies that have only 30 percent of the impact per nappy (this is taking into account the energy required
to clean and sterilise). 39  In York, nappies represent 6 per cent of household waste that goes to landfill.

Newspaper also had a substantial ecological footprint of 32,634 hectares. Even though the ecological
footprint per tonne is not as high as products such as nappies and clothing, a considerable amount of
newspapers are sold each year in York (over 12,000 tonnes).

Finally, clothing also had a high ecological footprint of 17,112 hectares. The ecological footprint
per tonne of clothing is extremely high. This is not surprising when considering the distant countries
many clothes are imported from as well as the land is required to grow the cotton. As previously mentioned
the clothes market illustrates the substantial distance that many of our consumer items travel.

3.8 Conclusion

The bulk of the material flow and the ecological footprint are accounted for by short-lived consumer
items. This includes food and drink, newspapers, nappies and batteries. Over 20 percent of all food and
drink that was bought by York residents were disposed of to landfill. The more durable items generally
have a lower ecological footprint even though the initial energy input is often more substantial. For
example, it takes approximately 1 tonne of GHG emissions to make a washing machine but this has
been divided over its lifespan to give a much lower annual figure. On the other hand, the impact of more
disposable items is allocated to one year only.

The direct energy use of households and passenger transport are responsible for 36 percent of the
domestic ecological footprint. While nationally, household energy consumption has stabilised, the energy
consumption of passenger transport is set to increase.

In York, over 180,000 tonnes of consumer items were sold in the year 2000. This is over 1 tonne per
person. To provide these over 350,000 tonnes of fuel was required. A total of 390,000 tonnes of hidden
flows were also produced. For passenger transport and household energy use, a further 60,000 tonnes of
fuel were consumed. In total, the domestic sector had a total material requirement of nearly 1 million

tonnes for 2000.

39   Chambers N., Simmons, C., Wackernagel M. (2000) Sharing Nature’s Interest, Earthscan
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4 Material Flow Analysis and Ecological Footprint of
Infrastructure and Commercial and Public Services

4.1 Introduction

Both materials and energy are required to provide York with its public services and to support its
commerce. This chapter considers the impact of providing York with its necessary infrastructure. This
includes housing and roads as well as the impact of the City Council itself. Within the analysis, the
impact of the commercial sector in York has also been evaluated.

This section includes:

1 Roads

A material flow analysis of road construction has been conducted. This has considered the energy
and material requirements of building new roads and maintaining the existing road network in York. An
ecological footprint of road construction has also been calculated.

1 Housing

The energy required in building new houses and the consequent CO2 emissions are considered. The
energy required in producing all the new building materials are also accounted for. A material flow
analysis of building material is undertaken comparing both input and output.

1 Energy use

The direct energy consumption of the City of York Council and the commercial sector in York has
been used to calculate the consequent CO2 emissions. The ecological footprint of direct energy
consumption has also been calculated. Case Study of an Organisation: The University of York.

1 Case Study

The University of York has been used as a case study to demonstrate the usefulness of the ecological
footprint as a monitoring tool for sustainable development.

1 Waste

The ecological footprint of waste has been calculated for both the public and private sector in York.
A detailed analysis of different commercial sectors has been undertaken.

4.2 The Material Flow of Road Building and Re-surfacing

Transport infrastructure occupies substantial areas of land, and requires large quantities of raw materials
and energy for construction and maintenance. In the UK roads take up one fifth of the surface of urban
areas and in York account for 722 hectares. The construction and re-surfacing of roads requires a
substantial amount of primary and secondary aggregates equating to 90 million tonnes a year for the UK
and over 450,000 tonnes in York.

In York, the total length of existing carriageway is 723 km and there are 1200 km of footpaths. In
2000, 32.2 km of roads and 65 km of footpaths were re-surfaced. The total length of new roads built in
York in 2000 was 7 km.
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Table 4.1  Tonnage of Different Materials Stored in York’s Road Network per km

 Crushed gravel 

per km (tonnes) 

Gravel per 
km 
(tonnes) 

Asphalt per km 
(tonnes) 

Sand per 
km 
(tonnes) 

Earth per km 
(tonnes) 

Total  
aggregates  
per km  

(tonnes) 

Average Carriageway in 
York 

7,200 7,450 4350 13,950 3,450 36,400  

Average Footpath in York 4,286 4,286 75 75  8,721  

Average materials for road 
re-surfacing 

   
4350 

   
4,350  

Average materials for 
footpath re-surfacing 

   
75 

   
75  

 

To build a new two-carriageway road a total of 36,400 tonnes of material is required per km1. The total
amount of asphalt required to re-surface a road is 4,350 tonnes per km. These figures can be applied to
the total distance of roads built in York for 2000. It is also possible to establish the tonnage of materials
stored in York’s roads. The hidden flows of the different materials have also been calculated.

Table 4.2  Tonnage of Different Materials Stored in York’s Road Network

 Length 
(km) 

Crushed 
Gravel 

(tonnes) 

Gravel 
(tonnes) 

Asphalt 
(tonnes) 

Sand 
(tonnes) 

Earth 
(tonnes) 

Total 
Aggregates 
(tonnes) 

Existing Carriageway 723 5,205,600  5,386,350  3,145,050  10,085,850  2,494,350  26,317,200  
Existing Footpaths 1200 5,142,600  5,142,600  90,000  90,000   10,465,200  

Total Road Re-surfaced 32.2   140,070    140,070  

Total footpath re-surfaced 65   4,875    4,875  

New Roads Constructed 7 50,400  52,150  30,450  97,650  24,150  254,800  

 

Over 26 million tonnes of materials are stored in roads in York and over 10 million tonnes in footpaths.
In 2000, a total of one million tonnes of new materials were added to this total. Nearly all of this was due
to either new road building or road re-surfacing. The majority of the new material input was asphalt as
it is used for both new road construction and re-surfacing of roads and footpaths. The figures above do
not include the hidden flows that are considered below.

The hidden flows of various aggregates2 are very similar meaning that a generic figure can be
applied to all. The hidden flow multiplier is estimated at 1.36 tonnes per 1 tonne of material. Therefore
including hidden flows, the material requirement for road building in York during 2000 was 1,301,287
tonnes. When the weight of energy carriers (mostly diesel oil) are included, the total material requirement
becomes 1,331,445 tonnes which is equivalent to 7.4 tonnes per York resident. The details of the material
flow analysis for roads are shown below (Table 4.6).

1 Wilburn D., Goonan G. (1998) Economic Assessments for Construction Applications – A Material Flow
Analysis, U.S. Geological Survey Circular 1176.

2 Not including earth for which a hidden flow does not apply.
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4.2.1 Energy Use in Road Building

Two important factors are considered when calculating the energy required to produce roads; these
being the energy required to produce the materials and energy required during the construction works.
Both of these have been taken into account for this project. Four out of the five materials used in road
construction have an energy intensity associated with their production. The energy requirement and
CO2 equivalent emissions have been given in Table 4.3 along with the source of the data.

Table 4.3 Energy required to produce the different road materials

Material Energy (MJ/tonne) Tonnes CO2 equiv. 
per tonne 

Crush Gravel 190 0.02082 
Gravel 100 0.01094 
Sand 100 0.01094 
Asphalt 3,400 0.37196 

 

With a detailed knowledge of the material input required for road building, the total energy and subsequent
CO2 emissions can be calculated per km of road construction (Table 4.4). Thus, the total energy required
to produce the materials for constructing one km of road is 18.3 million MJ, producing 2,002 tonnes of
CO2. The same process has been conducted for footpaths and the re-surfacing and roads and footpaths.

Table 4.4 Total energy required to produce the materials to build one kilometre of road

  Crushed gravel Gravel Asphalt Sand Earth Total 

Amount used per km 
(tonnes) 

 
 

7,200 

 
 

7,450 

 
 

4350 

 
 

13,950 

 
 

3,450 

 

Percentage split 19.8 20.5 12.0 38.3 9.5  

Energy (MJ) 1,368,000 745,000 14,790,000 1,395,000 - 18,298,000 

CO2 equiv. (tonnes) 150 82 153 1,618 - 2,002 

 

In addition to the energy needed to produce the materials there is also an energy requirement for building
the road itself. The following table (Table 4.5) produced by the Life Cycle Assessment Research Center
outlines the CO2 emissions in the construction process3. This considers the fuel use of all the different
processes including drainage and road surfacing. The CO2 emissions for constructing 1 km of road are
152.6 tonnes4. This amount, added onto the emissions due to material production, means that 2,155
tonnes of CO2 are emitted to build 1 km  road.

Table 4.5 also provides the information necessary to establish the CO2 emission from road resurfacing
construction works. The total CO2 emissions for re-surfacing roads are 0.15 tonnes of CO2 for the
construction works and 1,618 tonnes of CO2 to produce the asphalt, giving a total of 1,618.2 tonnes of
CO2 per km. Therefore, to establish the energy requirement and CO2 emissions of road construction in
York for 2000 the following calculations apply.

3 Life Cycle Assessment Research Center (1999) An Assessment of CO
2
 Emissions from Road Construction,

LCARC Publications.
4 All the figures in Table 4.5 are tonnes of carbon. These have been converted into CO

2 
emissions (conversion

factor is 3.667).
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7 km built x 18,298,000 MJ per km = 128.1 million MJ

7 km built x 2,155 CO2 per km = 15,082 tonnes CO2

Table 4.5 Carbon Emissions in Construction of a Road (kg C per km)

Machinery type Earth work Drainage work Pavement work Subsidiary work Total 

Breaker and backhoe 0.47796 - - 0.15499 0.63296 
Concrete cutter 0.00005 0.00122 0.10883 0.00075 0.11085 
Water tank 125.460 0.32214 1.04850 0.01684 126.847 
Bulldozer 2533.04 - 19.1471 0.02983 2252.21 
Ripper-dozer 25.5109 - - - 25.5109 
Crawler drill 53.2600 - - - 53.2600 
Air compressor  34.4048 0.00009 - 0.00338 34.4083 
Dump truck 36549.7 0.49548 2088.06 4.82110 35643.0 
Pay-loader 22.1202 0.07501 65.7382 0.04485 87.9452 
Motor grader 142.822 - 2.13314 0.00097 144.956 
Roller 195.394 - 5.12001 0.00064 200.515 
Backhoe 1.16826 1.60908 0.71444 0.08321 3.57499 
Excavator + Compactor 14.9489 - - - 14.9489 
Crane 0.00001 0.16540 0.01287 0.01296 0.19124 
Rammer 0.00935 0.16061 - 0.00016 0.17012 
Concrete batching plant - 1.71083 38.5259 0.23082 40.4675 
Concrete mixer truck - 13.6001 11.3644 0.54250 25.5070 
Concrete finisher - 0.35269 - 0.38778 0.74047 
Concrete deck finisher - - 0.00003  0.00003 
Asphalt finisher - - 0.54678 - 0.54678 
Asphalt paver - - 0.37490 - 0.37490 
Crusher - - 36.5943 - 36.5943 
Excavator - - 0.00037 - 0.00037 
Trailer - - 0.00009 0.26318 0.26327 
Asphalt distributor - - 0.00074 0.00003 0.00077 
Concrete pump car - 3.37368 - - 3.37368 

Total 39398.3 18.49265 2269.49 6.561027 41692.8 

 

4.2.2 Total MFA and Ecological Footprint of Roads

Table 4.6 indicates the input, stock and output of material and energy concerned with the road network
in York.
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Table 4.6 Total MFA of Roads

Material Input (tonnes) Economy  Material Output (tonnes) 

Materials    Waste Disposal  

Minerals      

 - Crushed 
Gravel 

100,800  Additional 
Stock 

996,470  Materials to 
landfill 

                   
2,000  

 - Gravel  104,300  Recycling 15,000    

 - Asphalt  477,074      

 - Sand  265,608      

 - Earth  65,688      

Energy Carriers    Greenhouse Gas Emissions           

 - Construction 355     - Construction 1,068  

 - Materials 28,430     - Materials 212,545  

 - Transport 1,373     - Transport 4,133  

Hidden Flows    Mine Dumping and Back-filling 

 - Materials 287,816     - Materials 287,816  

 

While a substantial amount of material enters the system for the purposes of road construction only a
small proportion leave the system. Most of the materials remain as stock. Of the outputs, only 12 per
cent go to landfill5. Approximately 15,000 tonnes of old road material are crushed by the City of York
Council and used as base. To provide nearly a million tonnes of materials produced nearly 300,000
tonnes of hidden flows.

The ecological footprint analyses the impact of roads in a different way to the material flow analysis.
Instead of considering the impact of the material inputs of the road for the year 2000, the whole road
network is taken into account. This is done by considering the total amount of energy used to build all
the roads and dividing this by the lifespan of roads. The lifespan of the roads has been estimated, as
being 130 years, with re-surfacing required every 75 years6. Table 4.7 provides a summary of the
methodology employed.

Table 4.7 Total Storage of Road Materials in York

 Length  

(km) 

Crushed gravel  

(tonnes) 

Gravel 

(tonnes) 

Asphalt 

(tonnes) 

Sand 

(tonnes) 

Earth 

(tonnes) 

Existing carriageway 723 5,205,600  5,386,350  3,145,050  10,085,850  2,494,350  
Existing footpaths 1,200 5,142,600  5,142,600  90,000  90,000   

Total road re-surfaced 32   140,070    

Total footpath re-surfaced 65   4,875    

New roads constructed 7 50,400  52,150  30,450  97,650  24,150  

Total  10,398,600  10,581,100  3,410,445  10,273,500  2,518,500  

 

With the new input of materials, over 37 million tonnes of materials are stored in the road network.
Table 4.8 provides the results of the ecological footprint analysis for road construction.

5 Personal correspondence with Ray Chaplin, City of York Council
6 These figures are taken the Economic Assessments for Construction Applications – A Material Flow Analysis.
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Table 4.8 The Total Ecological Footprint of Roads

 

Total materials 

Weight of 
materials  

(tonnes) 

Ecological footprint 
(ha/tonne) 

Total ecological 
footprint over 
lifetime (ha) 

Total ecological footprint 
per year 

(ha) 

Total crushed gravel 20,797,200  0.007  148,029  1,139  
Total gravel 21,162,200  0.004  79,148  609  

Total asphalt 6,640,890  0.127  844,471  11,260  

Total sand 20,547,000 0.004  76,847  591  

Total earth 5,037,000 0.004  18,839  145  

Road buildings (km) 730 14.735  10,756  10,756  

Total   1,178,091 24,499  

 

The total ecological footprint of roads is 24,500 hectares. While the material flows associated with road
construction are extremely high the ecological footprint is relatively low. This is due to the materials
used in road construction having low energy intensities and being durable. The lifespan of the materials
is a major factor in determining the ecological footprint. Of the materials used in road building, asphalt
has the greatest affect on the ecological footprint. This is not surprising as this material is replaced most
often through re-surfacing and also requires more energy to produce than the other materials.

4.3 Energy Use

All the Council buildings, including schools and hospitals, were responsible for consuming 16.5 GWh
of electricity in 20007. This produced 7,095 tonnes of CO2, which is approximately the equivalent of
3250 households in York, for the same year. The total ecological footprint of the Council’s energy
consumption was 2,482 hectares. This was calculated using the same methodology as was used for
direct domestic energy use (Chapter 3).

Table 4.9 Ecological Footprint of Commercial and Council Energy Consumption

Energy Source 

 

Consumption 

GWh 

Ecological Footprint 

Electricity (commercial) 316 47,515 
Electricity (council) 17 2,482 
Gas (commercial) 198 12,873 

Total 2,740  

 

Commercial energy consumption was responsible for an ecological footprint of 60,388 hectares of
which the majority was due to the use of electricity. In total, both commercial and council energy
consumption are responsible for an ecological footprint of 62,869 hectares, representing 25 percent of
the impact of York’s total direct energy consumption. In terms of the MFA, the total amount of fuel
used was 13,847 tonnes with 29,073 tonnes of hidden flows.

7 Data provided by Lance Saxby (City of York Council)
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4.4 Case Study of the University

The ecological footprint is a flexible tool that can provide all companies and organisations with an
understanding of their ecological impact on the environment. They all have environmental impacts
associated with transport, waste and material consumption to consider whether they are large companies
or very small companies. As the details of the calculations are becoming more and more documented it
is becoming easier for every organisation to employ the ecological footprint as a sustainability indicator.
The ecological footprint can also be compared with other methods to assess performance, such as company
turnover, number of students or employees, in an attempt to monitor the eco-efficiency of the organisation.

As well as this valuable task, the ecological footprint can highlight what activities are the main
drivers of unsustainability. It provides a sustainability metric that encompasses an integrated approach
that can be applied systemically and for cross-cutting purposes.

A case study of the University of York has been given below that considers the CO2 emissions and
ecological footprint of the universities’ waste, energy and water. The same methodology used in this
case study is used throughout the report.

The University is responsible for producing over 28 thousand tonnes of CO2 to provide it with its
energy, water and some consumable items. The total ecological footprint of providing the University
with all its energy is 5,925 hectares. This is equivalent to over 8,000 households in York.

Table 4.10 CO2 emissions and ecological footprint of the University of York’s energy consumption

 GWh Ecological footprint  

(ha/ GWh) 

Total ecological 
footprint 

(ha) 

CO2 emissions per 
GWh (tonnes) 

Total CO2 (tonnes) 

Electricity 12.7 150.42 1,910.38 440 5,588 
Gas 61.8 64.96 4,014.25 290 17,922 

 

Only 6 per cent of the university’s waste is recycled. This is lower than the average domestic recycling
rate for York. The ecological footprint of the University’s waste is over 4,700 hectares (Table 4.11).
Both the energy and waste footprint can be used as an indicator for the University to monitor progress
over time. There is also the potential to link the ecological footprint to economic performance. For both
waste and energy, a positive reduction in the ecological footprint will bring about economic advantages.
For waste, the increasing cost of Landfill Tax must be taken into account. Moreover, with energy the
cost of the Climate Change Levy must be taken into account. In conclusion, the ecological footprint is
a flexible tool that can provide all companies with an understanding of their ecological impact on the
environment.
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Table 4.11 Ecological Footprint of the University of York’s Waste

 Tonnes 

waste 

Ecological 
footprint per 
tonne waste 
(ha) 

Total ecological 
footprint 

(ha) 

CO2 emissions 
(tonnes/tonne 
waste) 

Total CO2 
(tonnes) 

Newspapers + magazines  196   2.59       509.09   1.73  339.86  
Paper  248   3.13       777.90   3.31  822.38  

Paper Liquid Containers  7    1.13           7.57   3.31   22.14  

Card packaging  96           0.56         53.69   4.00  385.76  

Refuse sacks  11         3.05         32.57   6.96  74.40  

Plastic film   47         2.54       118.83   8.15  381.30  

Plastic drink bottles  21          2.31         49.34   6.75  144.33  

Plastic Food packaging  23   2.20         49.93   7.08  160.80  

Dense plastic  47   2.42       113.18   6.43  300.66  

Textiles  24   11.32       272.28   15.51   373.10  

Glass bottles   88   2.87       253.11   8.39  740.37  

Organic  331   -  -  -  - 

Steel cans   78   1.76       136.07   5.14  398.02  

Batteries  4   9.74         39.06   28.50  114.26  

Aluminium cans  5   6.72         35.94   19.67    105.13  

Aluminium foil  7   8.36         55.85   24.45  163.37  

Sub- total     2,504    4,526  

Paper (Recycled)  77.4     0.97   75.18   2.84  219.89  

Alu Cans (Recycled)  1.5  0.40   0.60   1.17  1.76  

Glass (Recycled)  6  0.49   2.93   1.43  8.58  

Grand total     2,583   4,756 

 

4.5 Commercial and Public Services: Waste

A material flow analysis, carbon dioxide budget and ecological footprint have been calculated for the
material consumption of the commercial and public sector. In 2000, nearly 80,000 tonnes of commercial
and public sector waste was produced. The analysis below has established the energy required in producing
these products and from this, the carbon dioxide emissions and ecological footprint have been calculated.
As with the domestic analysis the energy required to dispose of the waste, as well as in producing the
items, has been. The analysis also includes an assessment of the methane production at the landfill site
from the organic material (paper, food and green waste) in the waste. An analysis of the waste production
of different economic sectors has also been undertaken.

4.5.1 Tonnage of Waste: Assumptions and Calculations

For 2000, the total amount of public and commercial waste was estimated to be just over 79,000 tonnes.
This figure was obtained the Environmental Agency’s Yorkshire and Humber Waste Strategy and
supported by data provided by the City of York Council. This figure was also cross-checked with national
statistics to establish its accuracy. The national proxy figure was 75,000 tonnes8, adding credibility to
the figure of 79,000 tonnes for York.

8 The national proxy figure was established by obtaining the average amount of commercial and public sector
per capita for the UK and multiplying this figure by the population of York.
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The EA Yorkshire and Humber Waste Strategy also provided a breakdown of the commercial waste
into various different materials. Paper and card make up most of the waste stream followed by scrap
material, this being predominately computers and other electrical equipment.

Table 4.12 Breakdown of Commercial/Public Sector Waste Production in York for 2000

 Landfill 

(tonnes) 

Recycled 

(tonnes) 

Recycling rates 

(%) 

Inert 603 142 23 
Paper and card 42,327 7,198 17 

Food 7,296 496 7 

Metal and scrap  (computers) 9,430 1,702 18 

Other (unknown) 5,670 0 0 

Contaminated general 1,454 957 66 

Mineral wastes and residues 18 18 50 

Chemical and other 283 65 23 

Paper liquid containers  38 0 0 

Plastic film 265 0 0 

Plastic drink bottles (PET) 59 2 3 

Food packaging (LDPE) 129 0 0 

Dense plastic (HDPE) 132 0 0 

Glass bottles 400 100 25 

Steel cans 316 2 1 

Aluminium cans 30 3 11 

Aluminium foil 38 0 0 

Total 68,487 10,684 16 

 

On average, 16 percent of commercial/public sector waste is recycled. The majority of the material that
is recycled is office paper (over 7,000 tonnes). However, 17 percent of the total amount of paper and
card is recycled.

The assumption made for the purposes of the material flow analysis was that items in the waste
stream either entered the system in that year (i.e. paper) or have been replaced (i.e. computers). Therefore,
the inputs of material are equal to the outputs. The embodied energy of each product has been calculated
using the standard method applied throughout the study. It was not possible to calculate the embodied
energy of every item that is listed above. For example, the category “Chemical and Other” provides
little understanding as to which chemical it might be, making it impossible to include in the calculations.

The other assumption is concerned with the food packaging produced by the commercial/public
sector. The only fact known about food packaging in the commercial/public  sector was the amount, that
is, 1,407 tonnes (Yorkshire and Humber Waste Strategy). In an attempt to break this down into a workable
figure, the percentage breakdown of the domestic food packaging sector was applied. The following
MFA includes the embodied energy of the products, the total tonnage consumed, hidden flows and
methane production of the organic material in landfill. Finally, the energy required for recycling has
been accounted for. Even though little will be known about whether the materials entering the economy
are recycled or not, it is assumed that the tonnage of recycled products entering the system are the same
as the tonnage that York recycles. In this way, York will be credited, in the form of a lower ecological
footprint, for any increases in its recycling levels.
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4.5.2 Calculating the Methane Production of Commercial/Public Sector
Organic Waste

Of the commercial/public sector waste, 49,221 tonnes consisted of organic materials that went to landfill.
The majority of this was paper, representing 85 per cent of the total. As discussed in section 3.14, when
organic materials decompose anaerobically in landfill sites, methane is produced. Different organic
materials also release different amounts of methane, depending on the carbon content (Table 4.13).
Both the recycling and composting of organic items prevent this methane production from landfill.

Table 4.13 Methane Production by Commercial/Public Sector Waste in Landfill

Material Tonnage for 
York  

Methane  

emissions (per 
tonne) 

CO2 
equivalent 
(per tonne) 

Total CO2 

equivalent  
(tonnes) 

Ecological 
footprint     
(ha/tonne) 

Total ecological 
footprint (ha) 

Food 7,296 0.0208 0.44 3,185 0.149 1,089 
Paper and card 42,365 0.0554 1.16 49,323 0.398 16,862 

Total 49,661   175,028  17,951 

 

4.5.3 Calculating the Ecological Footprint of Commercial/Public Sector
Consumption

As with domestic consumable items, the embodied energy of commercial/public sector consumable
items was included in the ecological footprint calculation. The EAP software was employed as a database
to provide the necessary information on the embodied energy of the various materials. Table 4.14 provides
the results. Paper and card have the largest impact of all the materials by a significant margin. The
ecological footprint of paper and card is greater than the total commercial/public sector direct energy
consumption for the same period. Paper and card are also responsible for methane emissions at the
landfill site.

The total ecological footprint of commercial/public sector paper and card is 139,556 hectares. The
consumption of paper and card has a more significant ecological footprint than all the house and road
building in York.
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Table 4.14  Ecological Footprint and CO2 emissions of producing the commercial/public sector materials consumed in York  

 

 Landfilled commercial/public sector waste Recycled commercial/public sector waste All commercial/public 
sector waste 

 

 Total 

 tonnage 

CO2 equiv. 
per tonne 

Total CO2 
equiv. 
(tonnes) 

Ecological 
footprint 

(ha/ tonne) 

Total ecological 
footprint (ha) 

Total  

tonnage 

CO2 equiv. 
Per tonne 

Total CO2 

equiv. 
(tonnes) 

Ecological 
footprint 

(ha/ tonne) 

Total 
ecological 
footprint  
(ha ) 

Total CO2 

equiv. 
(tonnes) 

Total 
ecological 
footprint 

(ha ) 

Inert  603  0.02 12.55  0.01  4  142  0  0  13  4  
Paper and card 42,327  3.31 140,144.70  3.13  132,565  7,198  2.84 20,448  0.97  6,991  160,593  139,556  

Food 7,296      496  0.01 5  0.00  2  5  2  

Metal and scrap  
(Computers) 

9,430  5.14 48,424.76  1.76  16,555  1,702  2.45 4,165  0.84  1,424  52,589  17,979  

Liquid Containers  
(Paper cartons) 

38  3.31 125.35  1.13  43       125  43  

Plastic film 265  6.96 1,842.53  2.38  630       1,843  630  

Plastic drink bottles 
(PET) 

59  6.75 396.66  2.31  136  2  6.03 11  2.06  4  407  139  

Food packaging  
(LDPE) 

129  7.08 910.25  2.42  311       910  311  

Dense plastic  
(HDPE) 

132  6.43 850.35  2.20  291       850  291  

Glass bottles 400  8.39 3,353.47  2.87  1,146  100  1.43 143  0.49  49  3,496  1,195  

Steel cans 316  5.14 1,622.28  1.76  555  2  2.45 4  0.84  2  1,627  556  

Aluminium cans 30  19.67 593.01  6.72  203  3  1.17 4  0.40  1  597  204  

Aluminium foil 38  24.45 924.80  8.36  316         

Total 61,062   199,201   152,755  10,684   24,780   8,472  223,056  160,910  
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4.5.4 Analysis of Commercial Sectors in York

By applying the breakdown of waste production in the different commercial/public sectors in York
from the Yorkshire and Humber Waste Strategy it is possible to calculate the impact of the different
sectors. Table 4.15 shows the tonnage of different materials produced as waste by the different economic
sectors.

The Retail Sector
The retail sector is responsible for the production of the most waste. Most of the waste produced is
cardboard. Office-based and finance businesses were also responsible for a high level of paper
consumption. The retail sector also includes all the supermarkets that were jointly responsible for
disposing of 4,900 tonnes of unsold food in 2000. The unsold food was contained in nearly 1,000 tonnes
of packaging.

Public Administration
This category includes the City of York Council. The ecological footprint of their waste production is
relatively low. The majority of the ecological footprint is from the production of waste paper. City of
York Council is also responsible for consuming over 4,000 tonnes of paper per year.

Hotels/Catering
Only a small proportion of the ecological footprint is from food waste. The majority of the ecological
footprint is through the disposal of metal and scrap.

Finance
As with all the office-based sectors, paper is responsible for the majority of the impact. Nearly 3,000
tonnes of paper was produced in 2000. A considerable amount of food was also disposed of to landfill.
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Table 4.15  The Ecological Footprint of the Different Economic Sectors in York 

 

  
Inert  

 
Paper and card 

 
Food 

 
Metal and scrap  
(computers) 

 
Other (unknown) 

 
Contaminated 
general 

 
Mineral wastes 
and residues 

 
Chemical 
and other 

 
Food 
packaging 

 
Total 
(tonnes) 

 
Wholesale 
 

 
71 

 
12,691 

 
891 

 
3,340 

 
704 

 
71 

 
- 

 
109 

 
168 

 
18,044 

Retail 
 

71 20,038 4,898 3,785 1,409 1,737 - 73 925 32,936 

Hotels / Catering 
 

35 388 223 1,113 1,011 213 - 7 42 3,032 

Finance 
 

- 2,894 1,406 223 152 - - - 42 4,717 

Education 
 

106 2,894 1,417 445 619 35 - 7 268 5,792 

Office-based businesses 
 

355 5,789 445 1,336 1,267 248 - - 84 9,523 

Public Administration 
 

106 4,008 445 891 509 71 35 58 84 6,207 
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4.5.5 Total MFA and Ecological Footprint of Commercial/Public Sector
Waste

Table 4.16 provides the results of the MFA.

Table 4.16 Total MFA of Commercial/public sector waste

Material Input (tonnes) Economy  Material Output         (tonnes) 

Materials    Waste Disposal  

 - Inert /C & D                 745   Recycling               10,684   - All materials to 
landfill 

             61,062  

 - Paper and card             49,525     - Methane from 
landfill 

               2,500  

 - Food               7,792      

 - Metal and scrap  
(Computers) 

            11,132      

 - Liquid 
Containers (Paper 
cartons) 

                  38      

 - Plastic film                 265      

 - Plastic drink 
bottles (PET) 

                  61      

 - Food packaging 
(LDPE) 

                129      

 - Dense plastic 
(HDPE) 

                132      

 - Glass bottles                 500      

 - Steel cans                 318      

 - Aluminium cans                   33      

 - Aluminium foil                   38      

 - Other               8465     

Energy Carriers    Greenhouse Gas Emissions            

 - Materials           105,263     - Materials             259,563  

 - Transport               1,906     - Transport                5,736  

     - Waste transport                      7  

     - Landfill 
processing 

                    26  

Hidden Flows    Mine Dumping and Back-filling 

 - Materials             42,311     - Materials              42,311  

 - Energy carriers           259,748     - Energy carriers             259,748  

 

In total, 488,400 tonnes of material were required to provide the 79,200 tonnes of materials consumed
by the commercial/public sector for 2000. The majority of these were hidden flows (approximately
300,000 tonnes). Of the 79,200 tonnes consumed over 61,000 tonnes were disposed of to landfill. The
total GHG emissions of the consumables were nearly 260,000 tonnes. The impact of freight transport
and waste disposal was minimal in comparison to the GHG emissions from production and processing.

The total ecological footprint of the commercial/public sector is 160,910 hectares. This is equivalent
to nearly 1 hectare per capita and is more substantial than the impact of the selected domestic consumables
(124,317 hectares). Therefore, the production of waste from the commercial/public sector has a similar,
if not greater impact than household waste production.
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4.6 Housing

Bulk minerals and aggregates are one of the material foundations of the modern economy 9. Our desire
for continual economic growth means an ever-increasing demand for more space, both commercial and
residential.

In fact, aggregates are by far the largest component by tonnage consumed in York. Of this amount,
a significant proportion can be related to the domestic housing sector. The analysis of aggregate
consumption in York calculates the material input of minerals and construction materials, the present
stock and the outputs. Not only has the analysis accounted for the total volume of materials input and
output, hidden flows for the various materials have also been calculated. Moreover, the capital and
residual energy of mineral extraction and transportation has been calculated.

4.6.1 Calculating the Ecological Footprint of the Housing Sector

The analysis does not consider the tonnage of materials that is extracted within Greater York, rather it
calculates the material requirements of York. The demand for housing in York has been rising at a
significant rate over the last 10 years. York is seen as a very attractive city to live in and house prices in
York are disproportionately higher than the surrounding areas.

 BOX 4.1: Extract from the York Local Plan (Chapter 7: Housing) 

In the period April 1981 to March 1996 10,352 new homes were built within the City of York. This represents an 
average building rate of 690 homes per year. The greatest number of completions occurred in 1987/88 at the 
height of the property boom and has fallen since then. Recent evidence now strongly points to a reversal of this 
slump, and an upturn in development activity. 

The direct and indirect input of construction materials in York for 1999 was attributed to its destination
within different infrastructure categories. Therefore, it was possible to consider the material input for
the construction of housing.

The direct inputs of materials were used to account for the material content of buildings built in
York. A number of studies have been produced which attempt to establish the material content of
different building types.10 The methodologies within these studies have been used to establish the material
content of a flat, a terraced house, and semi-detached and detached houses.

An analysis of the non-renewable and renewable resources used in infrastructure construction has
also been calculated. The vast majority (approximately 90 per cent) are non-renewable resources. Non-
renewable resources refer to resources that are not replaced or are replaced only very slowly by natural
processes.

The material content of average buildings was established along with the assessment of the embodied
energy in the building. In York, over 23 million tonnes of material is stored in housing. This figure will
continue to grow with an ever-increasing infrastructure. The energy required to build a house is also
substantial. The building of an average house in York is responsible for the release of 68 tonnes of GHG
emissions per capita. Over the life span of the building this figure becomes less because if the house
stands for a hundred years, the CO2 output for each year becomes only 0.68 tonnes per capita. The IPCC

9   McEvoy et al, (2001) A Material Flow Analysis of Construction Material in the Northwest.
10  (PIOT, 1990; Lehmann, 1996; Brinqezu et al 1998; Williams et al 1996)
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has suggested that CO2 should be reduced to approximately 2 tonnes per capita. Employing this benchmark
suggests that housing alone is responsible for 34 per cent of an individual’s carbon budget. The issues of
longevity, durability, reuse and maintenance immediately enter the picture. For example, if a house was
built to last 200 years the CO2 output per year is immediately halved. Moreover, if 20 per cent of the
house was built with secondary (reused construction) materials this figure can be reduced even further.
Immediately, this simple scenario suggests a reduction from 0.68 tonnes CO2 per capita per year to 0.27
tonnes.

In 2000, 750 new houses were built in York. Over 350,000 tonnes of materials were brought into
York for this purpose. At the same time, 161,000 tonnes of construction waste were generated of which
75 per cent was disposed of at landfill sites.

Again, the issue of relying almost exclusively on new non-renewable resources is a multi-faceted
one. The 350,000 tonnes of new construction material have to be transported into York with the associated
release of CO2 from transport. Knowing the exact source of all building materials that have been used in
York it is difficult therefore a generic figure must be employed. While food has often travelled an
extremely long distance to its place of consumption, the distance travelled by construction material is
often substantially less. The main reason for this being the larger volume and weight of the material.
Even though transport costs fail to incorporate the true environmental costs, shipping granite from
Australia when it is available more locally for example, is still uneconomic. In a study of construction
material used in the Northwest the estimated distance of movement of construction material was 90 km
and, the average load size was 21 tonnes. Employing these figures suggests that 24,629 trips carrying
construction material for York’s housing occurred in 2000. With an average journey of 90 km this
represents a total distance travelled of 2.2 million km. This figure is probably an underestimate of the
real situation, as not all the materials will be transported in 21 tonne loads. Table 4.17 provides data
from the UK Emissions database for a rigid heavy goods vehicle (the most likely vehicle to be used) of
the three key GHG emissions.

Table 4.17 Emissions for a rigid heavy goods vehicle

Pollutant 

 

Emission factor 

(g/km) 

CO2 505.1 
CH4 0.63 
N20 0.03 
GWP 527.63 

 

The CO2 figure is for a rigid heavy goods vehicle travelling on a dual carriageway (travelling on
urban roads is significantly higher: 808.6 g/km). The final figure is a cautious underestimate. Therefore,
the total CO2 equivalent of transporting all the construction material is 1,170 tonnes. This equates to
1.56 tonnes per built house. Considering the total CO2 emissions of the whole house-buildings process,
transport becomes a small component, representing only 2 per cent of the total CO2 output. However, it
is important to remember that there are other negative aspects of freight transport, which have not been
considered, including health damaging pollutants and noise pollution. Table 4.18 provides an insight
into the input of materials imported into York due to house building for 2000.
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Table 4.18 Material Input in 2000 for the Housing Sector

When considering materials individually, bricks and concrete are by far the most significant, representing
over half the total material input.

4.6.2 Total MFA and Ecological Footprint of Housing in York

Table 4.20 provides the results of the MFA of housing.

Table 4.19 Total MFA of housing

Material Input (tonnes)  Economy     Material Output (tonnes) 

Materials        Waste Disposal  

Concrete          128,912  Additional Stock       182,488    Materials to landfill        120,927 
Plaster   50,625  Recycling         40,309    

Bricks          145,872      

Tiles     2,031      

Other mineral 
products 

      830      

Wood              6,442      

Metals (Iron)              7,878      

Plastics (PVC)                 235      

Glass                   84      

Curtains                 204      

Rubber                 204      

Paints                 204      

Insulation                 204      

Energy Carriers        Greenhouse Gas Emissions           

Materials            34,137       Materials 529,260 
Transport                 389       Transport    1,170 

Hidden Flows        Mine Dumping and Back-filling 

Materials        172,417       Materials   172,417 
Energy Carriers        82,497       Energy Carriers     82,497 

 

 Average contents 

per house11 

(tonnes) 

Total material of 
all houses 

(000's tonnes) 

Total material of 
new houses 

(000's tonnes) 

Total material of new 
houses with hidden 
flows 

(000's tonnes) 

Average per capita 

(kg) 

Concrete 508.10 8633.7 129.09  175.564   996.39  
Plaster 198.02 3451.8 50.70  68.949   391.31  

Bricks 558.14 10166.0 146.10  198.693   1,127.66  

Ceramics 9.57 138.9 2.03  3.048   17.30  

Other mineral products 3.37 55.8 0.83  1.131   6.42  

Wood 23.94 445.6 6.45  9.679   54.93  

Metals (Iron) 30.46 17.1 0.23  0.238   1.35  

Plastics (PVC) 1.20 3.1 0.08  0.114   0.65  

Glass 0.27 13.6 0.20  0.306   1.74  

Paper 0.82 13.6 0.20  0.306   1.74  

Textiles 0.82 13.6 0.20  0.208   1.18  

Rubber 0.82 13.6 0.20  0.204   1.16  

Paints 0.82 13.6 0.20  0.204   1.16  

Insulation 0.82 13.6 0.20  0.204 1.16  

Total  689.61   23,517.93   344.43   499.67   2,602.98  

 

11 McEvoy et al, (2001) ibid.
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To provide York with 350,000 tonnes of building materials, 650,000 tonnes of material have to be
moved in total. The majority of this represents the hidden flows from mining the necessary minerals.
While 350,000 tonnes entered the York economy in the year 2000, just over 160,000 tonnes were disposed
of, of which 40,300 tonnes were recycled. The impact of transportation was minimal in comparison to
the impact of mining and processing of materials. The total GHG emissions exceed half a million
tonnes (mostly the manufacturing of building materials), representing 3.3 tonnes of CO2 per person.

The tracking of materials in a mass-balance framework has provided the foundation for a resource
flow audit of York. Such an accounting system is an effective basis for informed environmental
management and policy-making12. However the issue of data availability and the quality of the data is of
major concern.

The MFA, as a tool for decision-making, is responsive to key policy decisions. The following policy
suggestions offer an insight into more sustainable policies concerning construction, that will help to
reduce both the material input into the economy and improve the efficiency of the resources used.

For York, nearly 350,000 tonnes of materials are added to the material stock each year. This input of
materials was responsible for substantial GHG emissions. Therefore, to reduce both GHG emissions
and the unsustainable consumption of non-renewable resources a reduction in the input of primary
resources is essential. It may seem obvious to suggest that the amount of materials entering the economy
is intrinsically linked to waste coming out of the economy. For example, better design of buildings and
infrastructure to incorporate ideas of durability and the design of materials for subsequent recycling at
the end of their useful life are important steps. While York City Council cannot necessarily change the
whole design process of materials, they can promote the designs that incorporate these concerns. The
planning process can play a key role in promoting sustainable housing schemes and send a clear signal
to developers what are desirable and undesirable practices for house design in York.

The ecological footprint of the housing sector has been calculated differently from the MFA,
employing the same method as for roads. Therefore, the total impact of the housing sector is considered,
divided by the lifespan. This provides an ecological footprint of the housing sector for one year. The
average lifespan of houses in York is estimated to be 130 years. Therefore, the total energy required to
build all of York’s houses (applying the breakdown of different material shown in table 4.18) was
converted into an ecological footprint and divided by 130 (lifespan of houses).

Table 4.20 Total Ecological Footprint of Housing

12 McEvoy et al, (2001) ibid.

 Number of 
buildings 

Ecological footprint per 
building (hectares) 

Total ecological footprint 
(hectares) 

    

Semi/detached 27,197  2.17  59,018  

Flat 11,469  1.49  17,089  

Terrace 26,870 1.65  44,335 

Total   120,442  

 

The total ecological footprint of York’s houses is 120,442 hectares. The larger the house the greater the
ecological footprint because, on average, both semi/detached houses require more materials in
construction.
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4.7 Conclusions

The total material requirement of York’s new infrastructure and commercial and public sectors is 2.5
million tonnes (nearly 14 tonnes per capita). However, the ecological footprint of 375,000 hectares (2.1
ha per capita) is not as significant. While the material flow is high, the ecological footprint is lower than
the domestic sector. This is mainly due to the energy intensity of the materials. The materials used for
the development of York’s infrastructure are not energy intensive. Therefore, a large volume of materials
can be used for a low ecological footprint. Materials such as sand and concrete requires little energy to
manufacture compared to aluminium and plastics (used predominately in the domestic sector).

This highlights one of the values of the ecological footprint in combination with the MFA. While
MFA can provide a valuable insight into the flow of materials, the ecological footprint is able to identify
the environmental pressures of these material flows.

The MFA identified that 1,427,903 tonnes entered York in 2000, and 184,000 tonnes left the economy
as outputs. Therefore, even if all the outputs were recycled, there would still need to be a substantial
input of virgin materials. Due to the fact that material used in infrastructure remain in the economy for
long periods of time, there will never be enough recycled materials available for new construction. As
the demand for construction cannot be met solely through increases in recycling, the continual input of
non-renewable resources is inevitable. However, the MFA also identified the under-use of renewable
materials in construction, representing less than 5 percent. This provides another potential solution to
the input of non-renewable materials.
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5 Results

5.1 Introduction

This chapter provides the overall results of the study and has been subdivided into the following sections:

1 The material flow analysis of York

1 The ecological footprint of York

1 The GHG emissions of York

1 Indicators of sustainability

For each section the main contributors to environmental impact have been identified. Comparative
analyses have been conducted where possible. The results provide a sound basis for scenarios that are
conducted in Chapter 6.

As well as providing a MFA and ecological footprint analysis of York, this project has helped
define regionally specific methodologies. To assess the effectiveness of these methodologies a
comparative analysis has been conducted for all three of the sections in this chapter (i.e. MFA, ecological
footprint and GHG emissions). These analyses have helped assess the accuracy of the methodologies
and identify areas for improvement. Furthermore, the comparability analysis with national accounting
systems offers an insight into the relative impact of a region or city.

5.2 The Total Material Flow Analysis of York

In total, each York resident required an average of 18.8 tonnes of materials in 2000. Half of this was the
actual material that entered the city while the rest were either energy carriers or hidden flows.
Approximately a million tonnes of hidden flows were produced in 2000.

The majority of the material flows into York are due to construction of both houses and roads
(approximately 67 percent). The stock of materials in York increased by over 1 million tonnes in 2000.
Over 250,000 tonnes of materials left York and were disposed of by landfill. Over 4.5 million tonnes of
GHG gases were produced. Nearly 70,000 tonnes of materials remained in the economy as they were
recycled.

5.2.1 Comparing a Regional MFA Approach with National Accounts

The obvious disadvantage with attempting to calculate a material flow analysis of a city is that no trade
exists. Innovative methods need to be adopted in an attempt to discover the tonnage of various materials
entering and leaving the city. The methodology employed has attempted to do this, for example with
aggregates the number of houses has been considered and assumptions made on the average tonnage of
aggregates used in housing construction.
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Table 5.1 Total MFA of York

Conducting a comparison with the national accounts on material flows can test the accuracy of the
regional methodology that has been applied in this study. Table 5.2 provides a comparison of the national
accounts and the MFA for York. While there may be some variation between the UK and York, it would
be surprising if York’s MFA varied greatly from the national average. The results show a similarity
between York and the UK on a per capita basis. For material consumption, the difference between York
and the UK average is about 5 percent. This would suggest that the regionally specific methodology
employed in this study has managed to capture the consumption of York residents. In many respects,
the most important aspect of the MFA to get right is a clear picture of the total tonnage of materials that
is entering the economy. This is an encouraging finding in devising an accurate approach to regional
MFA.

Material Input (tonnes)  Economy     Material Output (tonnes) 

Materials        Waste Disposal  

   Minerals       

    - Ferrous metals       26,613   Recycling       68,960     Materials to landfill        251,671 

    - Non-ferrous metals         2,301   Additional stock  1,184,518   

    - Glass          6,248   Consumption       72,291   

    - Plastics         6,943      

    - Other materials         2,029      

    - Aggregates  1,014,073      

    - Concrete     128,912      

    - Ceramics     147,903      

    - Plaster       50,625      

    Biomass        

     - Food        99,833      

     - Timber          6,442      

     - Paper and card        67,399      

     - Rubber             532      

     - Textiles          6,986      

Energy Carriers        Greenhouse Gas Emissions             

 - Freight transport  8,908        - Freight transport         26,787 

 - Passenger transport       11,750        - Passenger transport         35,940 

 - Materials and manufacture  513,258        - Materials and manufacture    4,360,569 

 - Direct energy       45,478        - Direct energy         85,805 

         - Methane from landfill          3,025 

       

Hidden Flows        Mine Dumping and Back-filling  

  - Energy carriers  631,628         - Energy carriers  631,628 

  - Materials  599,039         - Materials  599,039 
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Table 5.2 Comparative Analysis with York MFA and National Accounts

1 ONS (2000) Material Flow Analysis of the UK, 1970-1999, www.statistics.gov.uk.
2 Calculations taken from the Redefining Progress website.

 Tonnes per capita 

         UK1        York 

Material consumption         8.29          8.77  
Fossil fuel carriers         4.60          3.22  

Hidden flows       10.65          6.84  

Total       23.53        18.84  

 

The per capita weight of fossil fuel carriers calculated for York is lower than the UK average (30
percent). This is an area that may need to be refined in future studies. Finally, the York project seems to
have made an underestimate of hidden flows (35 percent). Due to the limited information on the hidden
flows of materials, some materials have not had a hidden flow attached. This is another area of research
that can be developed in greater depth in future projects.

Overall, the regional MFA methodology has been able to provide a reasonably accurate measure of
the weight of materials entering the City of York. With no trade data available these initial findings are
encouraging, but at the same time further research is required to continue the refinement of the
methodology.

5.3 The Ecological Footprint of York

The total ecological footprint of York is 1,254,615 hectares. This represents a per capita footprint of
6.98 hectares. Ninety percent of the world population has an ecological footprint smaller than 6.98
hectares. This ninety-percent has a total share of 56.5 percent of humanity’s footprint, while the remaining
10 percent, within which York lies, occupy 43.5 percent of humanity’s footprint. This means that the
residents of York are within the top 10 percent of the World’s population in terms of the size of their
impact on the global environment. 2

York’s ecological footprint is 46 times the land area of greater York. This is nearly the same size as
the total area of the North Yorkshire Moors National Park. This land is actually located in various
countries around the world. This includes for example, the land required to grow the seven tonnes of
Ugandan vegetables York consumed and the land in Asian countries required to grow over 1,000 tonnes
of cotton to provide all our clothes for 2000. The calculations also included the substantial notional land
area required to sequester the CO2 (including the CO2 equivalents of other GHGs) emitted as a result of
York’s consumption.

When compared with the fair Earthshare (which is 2 hectares each) York’s ecological footprint
would have to be reduced by 71 percent in order to approach sustainability. There will be a large variation
among the residents of York, where some will have an ecological footprint nearer 2 ha and others a
footprint that exceeds 10 ha.
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Figure 5.1 The Ecological Footprint of Various Countries

The ecological footprint of the USA is considerably higher than any other country on a per capita basis.
York has a larger ecological footprint than the UK average. However, the York ecological footprint is
not directly comparable with other footprint projects. The reason for this is that the York project has
included the impact of methane from landfill sites, provided a more detailed food analysis, included a
more comprehensive assessment of food miles and provided a detailed assessment of building and other
infrastructure (roads). Taking these factors into account means that the York ecological footprint is only
slightly higher than the UK average of 6.3 ha per capita.

Usually, the higher the level of consumption, the higher the impact will be. Therefore, a correlation
exists between the spending potential of an individual and their ecological footprint. The ecological
footprint and GDP of York has been compared below with other countries.

Figure 5.2 represents the deviation of the different countries from the world average for both the
ecological footprint and GDP. For example, the GDP of the USA is over 400 percent higher than the
world average and the ecological footprint is nearly 350 percent higher than the world average. There is
a significant correlation between GDP and the ecological footprint. The high economic growth and
relatively high standard of living for most residents of richer countries is built on the back of ecological
impact. The USA, UK and Germany have not been able to develop their economies without increases in
their ecological footprints. Some countries have been more successful at de-coupling the growth of the
ecological footprint with GDP. This is indicating by considering the gap between the ecological footprint
and GDP. For the USA there is only a 80 percent deviation, while for Germany it is 190 percent,
demonstrating the ability of Germany to maintain high levels of economic growth with a lower ecological
footprint.
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Figure 5.2 Comparison between the Ecological Footprint and GDP of Selected Countries and Cities

The optimal situation is for the ecological footprint to be lower than the GDP deviation. All the countries
and cities in Figure 5.2 have done this accept for Russia. Russia’s ecological footprint is 95 percent
higher than the world average, while its GDP is only 20 percent higher. This demonstrates a low level of
eco-efficiency; i.e. Russia is not achieving much from resources that it consumes. One country has
managed to achieve something that none of the other countries have; this being Brazil. The ecological
footprint of Brazil is below the world average whereas its GDP is above the world average.

Finally, Figure 5.2 indicates the clear disparities between the developed and developing countries.
The ecological impact of the average American is over 5 times that of the average resident of China.

5.3.1 Analysing the Ecological Footprint Results

The last two chapters have sub-divided the footprint calculations into the domestic, commercial and
public service sectors. Furthermore, the domestic sector has been sub-divided into activities such as
travel, energy and consumables. It is possible to display the final summary data in a number of different
ways. For example, instead of considering the impact of packaging and nappies separately, the ecological
footprint of household waste can be calculated. The data enable one to address precisely the issues that
are important to various groups. The data have been displayed in a number of various ways below to
provide an insight into the impact of various activities.

York’s consumption of food and other consumer goods has by far the most significant ecological
footprint. These two items total more than all the other categories of direct energy, infrastructure and
travel put together.
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Figure 5.3 The Total Ecological Footprint of Various Sectors in York

With Figure 5.3 indicating that food has the largest ecological footprint, the immediate reaction may be
that residents of York should eat less. However, it is not as simple as that as the breakdown of the impact
of food in Figure 3.1 highlighted. The actual land area required to grow/rear the food represents only 39
percent of the total food footprint. Forty-three percent of the ecological footprint of food is due to the
fuel used by tractors, energy for the food processing industry and the fuel used for the long-distance
transportation of food. Food packaging represents another 15 percent of the total impact. A greater land
area is also required to produce meat and diary products than to grow crops. This is due to the energy
efficiency exchange between animals and biomass. Therefore, many options exist for reducing the
ecological footprint of food. Consuming locally grown food, using less energy-intensive agriculture
and a reduction in packaging will all considerably reduce the impact. Also, dietary choices could have
a significant affect. Eating less meat would reduce the ecological footprint. Also, as obesity levels are
constantly increasing in the UK at a substantial rate, eating less is a valid option to reduce impact. The
proportion of people who were either obese or overweight increased between 1994 and 1999 – in the
case of men from 58 to 63 percent, and for women from 49 to 54 percent3.

Figure 5.4 provides a more detailed breakdown of the total ecological footprint for York. It provides
a list of environmental impacts in descending order of importance. Food (mainly processing and transport)
has the greatest impact, followed by commercial consumables. This is mainly made up of paper and
card for the retail sector. Domestic consumables are predominately newspaper, nappies, clothes and
batteries.

3   Department of Health (2001) Health Survey of England 1999, HMSO Publications.
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Figure 5.4 York’s per capita ecological footprint by sector

It is possible to identify a specific scheme to reduce the impact of each of the various sectors listed
above. At the same time the barriers to change can also be recognised. For some of the categories,
specific mitigation schemes have already been implemented within York. For example, the Energy
Saving Trust have been running the “Planet York” campaign to help reduce both domestic and commercial
energy consumption. York City Council have been implementing polices to reduce car use. However,
there are also categories where York is not taking an active role in attempting to reduce the impact,
many of which are significant. There are no schemes to reduce the actual level of consumption within
the domestic and commercial sector. While the more efficient use of resources has been addressed to
some extent, issues of sufficiency have been ignored. These issues are discussed in more depth in the
next chapter (scenarios).

5.3.2 Comparative Analysis of Ecological Footprint Methods

By providing a transparent approach to the calculations, a comparative study of different footprint
methodologies can be undertaken. The best-recognised approach to the ecological footprint was co-
invented by Wackernagel and Rees. Wackernagel has been responsible for developing the methodology
further and publicising the whole approach on a global scale. This approach, which has been labelled as
the compound approach, calculated the ecological footprint of raw materials as opposed to manufactured
materials and products. The final results are displayed as the different land types of the ecological
footprint (pasture, forest, energy, arable and built).

Table 5.3 shows a summary of the results from this study presented according to Wackernagel’s
compound approach. The footprint for each individual item considered in this study has been broken
down into the different land types. For example, ice cream has been broken down into the necessary
pasture, arable and energy land that is required to produce it. At the end of the table, a comparison is
made between the per capita results from this study and the per capita footprint calculated for the UK as
a whole by Wackernagel in the “Ecological Footprint of Nations” report4 produced for the WWF.

4    WWF (2000) ibid.
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Table 5.3 The results of this study presented according to Wackernagel’s land type categories and a 
comparison of the totals with Wackernagel’s per capita results for the UK.   

 

    This study’s results presented according to the land 
categories in Wackernagel’s approach (ha)  

Product Total tonnage 
(t/yr.) 

Product 
ecological 
footprint 
(ha/tonne) 

Total ecological 
footprint (ha) 

Energy 
Land 

Pasture 
land 

Arable 
Land 

Sea 
space 

Forest 
Land 

Built 
Land 

FOOD          
Wholemilk                 6,507  2.4   15,303  7,804  7,498     
Skimmed milk               10,743  2.4   26,199  13,361  12,837     
Yoghurt and fromage frais                 1,225  3.6   4,425  2,257  2,168     
Other milks and dairy products                     823  3.6   2,973  1,516  1,457     
Cream                    122  9.9   1,204  614  590     
Cheese (natural & processed)                    851  16.2   13,803  7,040  6,764     
Beef and veal                  1,178  22.9   26,965  13,752  13,213     
Mutton and lamb                    467  11.9   5,542  2,827  2,716     
Pork/ham/bacon                 1,982  9.1   17,959  9,159  8,800     
Poultry (uncooked)                 1,823  7.9   14,490  7,390  7,100     
Poultry (cooked)                    374  13.5   5,034  2,568  2,467     
All other meats                 3,179  10.2   32,372  16,510  15,862     
Total fish                 1,449  8.0   11,637  5,935    5,702    
Eggs                 1,079  7.6   8,224  2,056   6,168    
Butter                    290  17.4   5,048  1,716  3,332     
Margarine                    262  14.2   3,719  298   3,421    
Low-fat and dairy spreads                    720  14.7   10,568  1,057   9,511    
Vegetable and salad oils                    552  8.4   4,632  556   4,076    
Other fats (animal)                    206  2.4   501  391   110    
Sugar                 1,085  1.6   1,683  623   1,060    
Honey, preserves, syrup & 
treacle 

                   355  2.4   835  484   351    

Fresh potatoes                 6,778  0.9   5,957  4,349   1,608    
Fresh green vegetables                 2,440  0.8   2,032  1,402   630    
Other fresh vegetables                 4,563  1.1   3,617   1,206    
Processed vegetables                 5,011  1.5   6,379   1,307    
Fresh fruit                 6,133  1.4   8,725  7,154   1,570    
Other fruit (e.g. tinned)                    626  1.4   874  708   166    
Fruit juices                 2,590  2.1   5,535  2,159   3,376    
Bread                 6,947  1.1   7,694  3,539   4,155    
Flour                    617  1.6   983  246   737    
Cakes                 1,346  4.1   5,557  2,723   2,834    
Biscuits                 1,243  3.3   4,140  1,159   2,981    
All other cereals                 3,833  2.6   9,923  5,359   4,565    
Tea                    327  6.6   2,160  670   1,491    
Coffee                    140  9.2   1,290  658   632    
Cocoa/drinking chocolate                      28  10.3   288  69   219    
Branded food drinks (e.g. 
Horlicks) 

                     56  4.2   236  170   66    

Soups,                     683  3.7   2,527  2,501  25     
Mineral water                    851  0.3   243  243       
Ice-cream & other frozen dairy                    944  8.1   7,667  2,377  2,147 3,143    
Soft drinks (concentrated)                    860  0.4   333  270   63    
Soft drinks (ready to drink)                 4,937  0.4   1,812  1,576   236    
Soft drinks (low cal, 
concentrated) 

                   159  0.4   63  55   8    

Soft drinks (low cal, ready to 
drink) 

                2,029  0.4   796  796       

Beer and lager                 2,048  0.9   1,904  1,333   571    
Wine                 1,131  5.2   5,837  5,546   292    
Spirits (e.g. whisky)                    496  9.3   4,592  3,949   643    
Chocolate confectionery                    327  8.7   2,837  738  738 1,362    
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Non-choc confectionery                    122  2.6   312  194   119    
 
COMMERCIAL MATERIALS 

         

Inert                602.76  0.01   4  4       
Paper and card          42,327.00   3.13  132,565  47,724     84,842  
Metal and scrap  (Computers)            9,430.33   1.76   16,555  16,555       
Liquid containers (Paper 
cartons) 

                37.82  3.13   119  43     75.84  

Plastic film               264.77  2.38   630  630       
Plastic drink bottles (PET)                 58.76  2.31   136  136       
Food packaging (LDPE)               128.60  2.42   311  311       
Dense plastic (HDPE)               132.29  2.20   291  291       
Glass bottles               399.51  2.87   1,146  1,146       
Steel cans               315.93  1.76   555  555       
Aluminium cans                 30.15  6.72   203  203       
Aluminium foil                 37.82  8.36   316  316       
Paper and card (Recycled)                 7,198  0.97   6,991  6,991       
Food (Composted)                    496  0.00   2  2       
Metal and scrap  (Computers) 
(Recycled) 

                1,702  0.84   1,424  1,424       

Plastic drink bottles (PET) 
(Recycled) 

                       2  2.06   4  4       

Glass bottles (Recycled)                    100  0.49   49  49       
Steel cans (Recycled)                        2  0.84   2  2       
Aluminium cans (Recycled)                        3  0.40   1  1       
Commercial waste processing    264  264       
 
DOMESTIC CONSUMABLES 

         

Newspapers + magazines               12,308  2.59   32,634  7,506     25,128  
Paper               10,298  3.13   32,266  11,616     20,650  
Other card                 2,428  2.86   6,942  2,083     4,859  
Textiles                 1,507  11.32   17,112  8,043     9,070  
Nappies                 5,275  6.24   32,914  1,317   31,597    
Batteries                    251  8.11   2,038  2,038       
Waste recycling (transport to 
depot) 

   2,948  2,948       

Water               12,243  0.056   681.40  681.40      
 
OTHER 

(Ha)         

Built land               26,694   26,694       26,694  
 
ROADS 

         

Total crushed gravel        20,797,200   0.01   1,139  1,139       
Total gravel        21,162,200   0.00   609  609       
Total asphalt          6,640,890   0.13   11,260  11,260       
Total sand        20,547,000   0.00   591  591       
Total earth          5,037,000   0.00   145  145       
Road buildings (km)                    730  14.73   10,756  10,756       
 
HOUSES 

         

Concrete           128,912   0.25   18,947  18,947       
Plaster             50,625   0.21   6,163  6,163       
Bricks           145,872   0.84   71,495  71,495       
Tiles               2,031   1.22   1,336  1,336       
Other mineral products                 830   0.00   2  2       
Wood               6,442   3.76   14,115  706     13,409  
Metals (iron)               7,878   1.20   5,507  5,507       
Plastics (PVC)                 235   1.59   151  151       
Glass                   84   2.87   140  140       
Wallpaper                 204   4.91   583  163     420  
Curtains                 204   7.59   901  189   712    
Rubber                 204   5.87   698  209   488    
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Paints                 204   1.37   163  163       
Insulation   1.40   167  167       
 
DIRECT ENERGY 

GWh (GWh/ha)        

Electricity (Domestic)                    523  150.40   78,730  78,730       
Electricity (Commercial Sector)                    316  150.40   47,515  47,515       
Electricity Council (Council)                      17  150.40   2,482  2,482       
Gas (Domestic)                 1,686  64.85  109,348  109,348       
Gas (Commercial)                    198  64.85   12,873  12,873       
FOOD PACKAGING   (tonnes)         
Liquid containers (Paper 
cartons) 

                   419  3.13   1,312  472     839  

Card packaging                 3,543  2.56   9,059  1,993     7,066  
Plastic film                 2,930  2.79   8,167  8,167       
Plastic drink bottles (PET)                    670  2.31   1,546  1,546       
Food packaging (LDPE)                 1,423  2.42   3,444  3,444       
Dense plastic (HDPE)                 1,464  2.20   3,217  3,217       
Glass bottles                 5,526  2.87   15,857  15,857       
Steel cans                 3,516  1.76   6,173  6,173       
Aluminium cans                    335  6.72   2,252  2,252       
Aluminium foil                    419  8.36   3,499  3,499       
Plastic drink bottles (PET) 
(Recycled) 

                     20  1.87   37  37       

Glass bottles (Recycled)                 1,380  0.49   675  675       
Steel cans (Recycled)                      20  0.84   17  17       
Aluminium cans (Recycled)                      40  0.40   16  16       
 
ELECTRICAL 

(no.s)         

Dishwasher               15,729  0.01   228  228       
Washing machine               59,637  0.03   1,928  1,928       
Tumble dryer               22,938  0.02   566  566       
Refrigerator               28,180  0.03   708  708      
Fridge-freezer               41,288  0.03   1,218  1,218       
Chest freezer               28,180  0.03   860  860       
Cookers               65,536  0.03   1,856  1,856       
Kettles               65,536  0.01   373  373       
Microwaves               49,860  0.02   787  787       
Hi Fi               59,701  0.01   751  751       
TV             114,303   0.02   1,957  1,957       
Video recorder               63,753  0.01   721  721       
Digital decoder               12,145  0.01   73  73       
Answer machine/Telephone             124,518   0.00   445  445       
Mobile phone               33,505  0.01   377  377       
 
FREIGHT TRANSPORT 

(tonne-km)         

Food               92,537  0.06   5,110  5,110       
Construction             344,430   0.01   1,780  1,780       
Domestic consumables               32,067  0.03   817  817       
Road materials             799,490   0.01   4,133  4,133       
Electrical equipment                 1,370  0.05   67  67       
Commercial consumables               71,746  0.03   1,961  1,961       
Waste transportation    356  356       
 
METHANE 

(tonnes)         

Food (commercial)                 7,296  0.15   1,089  1,089       
Paper and card (commercial)               42,365  0.40   16,862  16,862       
 Paper, card and textiles                30,560  0.40   12,163  12,163       
 Garden waste                  6,028  0.17   1,020  1,020       
 Food waste                14,652  0.15   2,187  2,187       
  
TRANSPORT  

(pass.-km)         

 Air         22,906,457   0.00005  1,145.32  1,145       
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 Bicycle         15,689,354   0.00000  26.34  26      0.1 
 Bus         90,473,476   0.00004  3,591.80  3,584      8 
 Car    1,654,222,306   0.00006  97,599.12  97,394      205 
 Motorcycle         15,689,354   0.00004  580.51  579      1 
Train 104,507,081  0.00002  2,194.65  2,190      5 
          

Total   1,242,355   864,192   87,714   91,475     5,702  166,360   26,694 
          
Per capita    6.98  4.88 0.49 0.51 0.03  0.93 0.15 
          
York (without methane)    6.78  4.68 0.49 0.51 0.03  0.93 0.15 
United Kingdom    6.30  3.79 0.69 1.00 0.05  0.36 0.37 
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Table 5.3 The results of this study presented according to Wackernagel’s land type categories and a
comparison of the totals with Wackernagel’s per capita results for the UK.

As with the MFA, some degree of deviation between the ecological footprint of York and the UK
average would be expected. The overall result for York (without the inclusion of methane) is 6 percent
higher than that for the UK. This could be due to York having a higher ecological footprint or to
methodological differences. However, the breakdown indicates that the variation between the land types
is marginally more significant. The energy land for York is higher than the UK energy land average by
18 percent. The most probable cause of this variation is the comprehensive energy analysis within the
York methodology. Wackernagel’s approach does rely on similar data sources (e.g. IVEM’s Energy
Analysis Program) but does not include both residual and capital energy requirements.

The per capita agricultural land area required for York is lower than the UK value. The same
equivalence factors and global yields have been applied. One probable explanation is that the York
project has only addressed domestic consumption of food and has not taken into account restaurants and
commercial catering. Both these aspects could be included in the calculations in future.

Finally, the per capita amount of forest land requirement for York is substantially greater than
Wackernagel’s value for the UK. Again, the same equivalence and yield factors were applied in both
studies. The reason why York’s timber requirement is high is mainly due to paper consumption in the
commercial sector along with the consumption of newspapers. Both these figures come from reliable
sources. Therefore, there is no simple explanation for this variation.

Overall, the comparative analysis between the two ecological footprinting approaches reveals similar
results. However, substantial methodological differences in this study, required in order to gain a more
accurate picture of consumption, will undoubtedly have contributed to the differences observed between
the results obtained from the two approaches when considering the individual land categories.

5.4 The Total Greenhouse Gas Emissions of York

The ecological footprint of York clearly identified the reliance that York residents have on land in
various other countries in the world. A major part of the ecological footprint methodology is concerned
with CO2 emissions from energy use. In the analysis below, the total CO2 emissions produced in York
have been calculated for 2000. This has then been compared to UK average emissions. A critical appraisal
of the method employed to calculate the CO2 emissions in the UK is also presented.

5.4.1 The UK Method of Calculating CO2 Emissions

The UK Climate Change Programme has been developed to reduce the production of CO2 in the UK
under four key areas:

1 Transport

1 Domestic

1 Services

1 Industry

‘Transport’ includes the CO2 emissions from personal travel (car, bus, train etc.) and freight transport.
‘Domestic’ includes the CO2 emissions from the energy used by households in the UK. ‘Services’
includes the CO2 emissions from the energy used by offices and in manufacturing products, while



92

‘industry’ includes the CO2 emissions from the production of raw materials and their conversion into a
manufactured material.

Following Kyoto, the UK’s target is to cut its emissions by 12.5% below 1990 levels by 2008-2012.
However, the UK Government has set a domestic goal to go further than the Kyoto commitment and cut
the UK’s emissions of carbon dioxide by 20% below 1990 levels by 2010.The climate change programme
sets out the packages that will achieve this reduction for the UK. These include:

1 the climate change levy;

1 domestic emissions trading scheme;

1 establishment of a new Carbon Trust;

1 exemption of good quality CHP (combined heat and power) and renewable sources of electricity;

1 energy labels on products (lighting etc.);

1 electricity suppliers will be obliged to increase the proportion of electricity provided by renewable
sources to 10% by 2010;

1 European-level agreements with car manufacturers to improve the average fuel efficiency of new
cars by at least 25% by 2008-2009;

1 promote better energy efficiency in the domestic sector;

1 New Home Energy Efficiency Scheme; and

1 improve the energy efficiency requirements of the Building Regulations.

The total carbon dioxide emission fell by 22 percent in the UK between 1970 and 1999. As the
manufacturing base in the UK has declined, the largest reduction came from the industry falling 49
percent over this time scale. Emissions in the domestic sector also declined substantially over the same
time scale (25 percent). There was a substantial rise in CO2 emissions from transport with an increase of
83 percent. Therefore, the main reason for the decline in CO2 emissions in the UK between 1970 and
1999 is the fact that UK manufacturing industry has declined making the UK more reliant on imports.

The total material requirement (TMR) of the UK has increased over the same time scale. In 1970,
the TMR of the UK was 1870 million tonnes. This rose to 2100 million tonnes in 1999. Superficially
therefore, the figures might suggest that the UK has been able to consume an extra 230 million tonnes of
material for 140 million tonnes less emitted CO2. However, this is not the case. It simply means that the
UK is producing less and importing more. Moreover, the UK can erroneously claim a substantial reduction
in CO2 emissions whilst maintaining a continuing pattern of unsustainable and rising consumption. This
argument is developed further below by considering the CO2 emissions of York and comparing these
with the UK.

5.4.2 York’s CO2 emissions

The CO2 emissions for York have been calculated in the same way as the UK Government method for
transport, domestic and services, but differently for industry. For industry, the CO2 emissions represent
the total amount of CO2 emitted to provide York with all its consumption items. Therefore, in the York
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study, CO2 emissions for industry represent the industrial energy use of consumption wherever the
products were manufactured.

Figure 5.5 Comparative Analysis of CO2 emissions for the UK and York

When comparing York and the UK, the transport, domestic and services sectors all have similar CO2

emissions on a per capita basis. Domestic CO2 emissions are slightly higher for York while both transport
and services are below the UK average. The industry CO2 emissions for York is 7.5 tonnes per capita,
while for the UK, they are 2.5 tonnes per capita. The reason for this is not that York has a massive
industrial base, but because the York figure represents the total CO2 emissions from consumption,
wherever the items are produced. In truth, the CO2 emissions of the UK would be about 35 percent
higher if they were calculated on the same basis.

Therefore, within the UK, under the current system of measure, it is possible to reduce CO2 emissions
by not producing anything and handing over the burden of environmental impact to developing countries.
Under the method employed for York, the responsibility is firmly placed with the consumer.

The current system places the emphasis on developing countries becoming more efficient, not on
developed countries reducing their levels of consumption. Even though developed countries (excluding
the USA) have agreed to large reduction in CO2 emissions, the fact that the out-sourcing of manufacturing
can help achieve Kyoto targets for the UK highlights the inadequacy of the current national accounts.
The current situation allows for ‘imported sustainability’ to occur. ‘Imported sustainability’ means that
the rich countries are able to achieve a high standard of living on the back of the developing nations by
depleting their natural resources and exporting dirty industries. Moreover, the developing nations are
then accused of being polluters with old technology.

An accounting system based on consumption, be it a material flow analysis, a measure of the CO2

emissions of consumption or the ecological footprint, provides a robust measure of sustainability which
includes an acceptance of environmental impacts wherever they may occur.

5.5 Indicators for Sustainability
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The study has identified a number of impacts caused by York residents that are not currently monitored.
A selection of future indicators has been identified below. All indicators have been selected from the
study and demonstrate how a study like this can provide valuable information that can feed directly into
local policy decisions. A positive movement in all the indicators will bring about a substantial reduction
in both the ecological footprint and CO2 emissions for York.

The indicators can be divided into two main groups. The first group consists of the “Overarching”
indicators. These three indicators will provide an insight into the overall sustainability of York and will
be responsive to changes in the second, sector-specific group. The second group represents key policy
areas within the Council built around issues such as transport, waste and direct energy consumption.

Indicator 1: Total Material Requirement of York

In 2000, York residents required a per capita average of 16.5 tonnes of materials. As an overall
measure of consumption the (per capita) total material requirement of York provides a valid indicator of
sustainability.

Indicator 2: Total Ecological Footprint of York

In 2000, the ecological footprint of York was 6.9 hectares per capita. Most initiatives concerned
with reducing environmental impact will reduce the ecological footprint of York. The responsiveness of
the ecological footprint to changes in different sectors makes this indicator especially useful.

Indicator 3: Total CO2 emissions of York

CO2 emissions should roughly increase or reduce in line with the ecological footprint. While the
variation will be small, the reduction of CO2 emissions forms a key part of UK Government Strategy.
York will be able to compare its performance with national targets.

Indicator 4: Ecological Footprint per tonne of food

The ecological footprint of food had the highest impact of all the sectors considered, mainly because
of the high energy intensity of the food. In 2000, the ecological footprint per tonne of food consumed in
York was 3.74 hectares. This indicator would be responsive to a range of policy decisions including
those encouraging less energy-intensive agriculture, local food production, reduced food packaging and
more efficient methane recovery at landfill sites. Potentially, this large indicator could be supplemented
by other indicators that will affect the ecological footprint of food. For example, meat consumption (kg/
capita), food miles (t/km) and percentage of organic produce sold.

Indicator 5: Ecological Footprint of Waste

At present, recycling rates dominant the monitoring approach for waste. This fails to take into
account the increases in the volume of waste. The ecological footprint analysis has combined both the
recycling of waste and the total volume of waste generated within the same calculation. This provides a
far more comprehensive indicator of sustainable waste management.

Indicator 6: Resource Intensity

This indicator is designed to take into account technological advancements in resource efficiency.
The total material flows can be diminished considerably through reduced resource intensity. This indicator
would measure the total tonnage of material supplied per tonne of energy carriers.

Indicator 7: Energy Consumption per capita

Approximately 15 percent of the total ecological footprint was due to the direct energy consumption
of households and commerce. This indicator would help monitor the success of both efficiency and
sufficiency measures employed. It could also act as an indicator for evaluating the success of energy
saving campaigns.
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6 Policy Recommendations and Scenarios

6.1 Introduction

Local planning offers significant leverages for action toward sustainability. Innovative changes in
transportation and land-use patterns can significantly reduce resource consumption and improve quality
of life. The ecological footprint can assist in analysing policies with respect to their global ecological
impact.

The ecological footprint is a tool that can facilitate the comparison of policy choices that society
inevitably must face. The analysis below provides an insight into distinctly local issues of waste production
and energy consumption. It helps illustrate a larger picture while providing the detail required to guide
policy in specialised areas.

Scenarios have been developed, with projections for the year 2010, to highlight the potential
effectiveness of future policy options in reducing both the material flow and ecological footprint of
York. These have been developed for domestic waste and domestic energy consumption. Together,
these two components represent a significant impact. All the scenarios are based around two central
themes: Efficiency and Sufficiency.

Sachs (1999)1 describes ‘efficiency’ as doing things right and ‘sufficiency’ as doing the right thing.
The introductory chapter raised the issue of whether a more efficient use of resources is enough to
reduce environmental impact to an acceptable level or whether a reduction in the throughput of resources
was required. The scenarios demonstrate what can be achieved through the application of resource and
energy efficient measures. In doing so, the limitations of the efficiency perspective alone is highlighted.

Each scenario builds on the last showing the effect of cumulative action. In both cases the efficiency
measures are considered first. For domestic energy this means exploring the reduction in the ecological
footprint with the application of insulation and more efficient machinery (boilers and light bulbs). For
waste, the efficiency perspective considers the introduction of both recycling and composting.

6.2 Energy Scenarios

Direct energy consumption by households in York has an ecological footprint of 188,078 hectares (1.05
ha per capita). This was responsible for 15 percent of York’s total ecological footprint.

6.2.1 Lighting efficiency scenario

Domestic lighting consumes a significant amount of energy in York: 79 GWh in 2000, accounting for
15% of total domestic CO2 emissions. Domestic lighting has an ecological footprint of 11,887 hectares
(0.07 ha per capita). Electricity consumption by domestic lighting is projected to rise by 15 percent by
2010. The increase is driven by the total number of lamps in stock.

Reductions in electricity demand are possible without significant cost implications to the consumer.
A proposed policy programme is put forward that could theoretically reduce electricity consumption for
domestic lighting by 19 percent.

1 Sachs (1999) ibid.
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Compact fluorescent lights (CFLs) and strip fluorescent lamps are much more efficient than GLS
(incandescent) bulbs. Stock is mainly influenced by ownership levels and by household numbers. On
average the CFL bulbs are over 5 times more efficient. The scenarios assumes an equal replacement of
different bulbs (40, 60 and 100 W).

At present in York, 21.8 percent of all domestic lighting is supplied with the use of “Energy Saving”
(CFL) light bulbs. However, nationally this is expected to rise to 23.8 percent by 2010. Overall, this will
bring about a 2 percent reduction in the ecological footprint. However, when applying the 15 percent
expected increase in CO2 emissions from lighting by 2010, the business as usual scenario suggests that
an overall increase of 13 percent will occur by 2010. However, York is more likely to have a higher
percentage than the national average due to the Planet York initiative that provided a considerable
amount of CFL bulbs to York residents. Therefore, York will probably achieve nearer to a 30 percent
composition of CFL bulbs.

To compensate the growth in energy from lighting, 36 percent of light fittings would have to use
CFL bulbs. Under this scenario the ecological footprint would stay the same. A more adventurous target
for York would be to have 50 percent of light fittings with CFL bulbs by 2010. This would more than
compensate the growth in demand, bringing about a reduction in the ecological footprint of lighting of
1,793 hectares.

Figure 6.1 provides details of all the scenarios. The line going across the different scenarios is the
present ecological footprint of domestic lighting. This shows whether there has been an overall reduction
in the ecological footprint from 2000.

Figure 6.1 Potential Reduction in the Ecological Footprint with the Installation of CFL bulbs

In summary, if nothing further is done in York to promote the use of CFL bulbs and had the Planet York
campaign not been undertaken, the ecological footprint would increase by 1560 hectares. With the
Planet York campaign the increase in the ecological footprint will be reduced to 763 hectares. By
achieving a 36 percent target there will be no increase or reduction in the ecological footprint. Finally,
the 50 percent target would bring about a reduction of 1,793 hectares in the ecological footprint of
domestic lighting.
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6.2.2 Heating and Water Efficiency Scenario

Space heating and water heating are responsible for 59 percent of domestic CO2 emissions. In contrast
to lighting, there are many methods available for increasing the efficiency of domestic space heating
and water heating. No rise in the CO2 emissions of heating is expected. With the likely occurrence of
milder winters and increases in the efficiency of boilers the ‘business as usual’ scenario suggests that
the ecological footprint of heating will remain the same by 2010 if no further measures are taken.

Table 6.1 indicates the percentage of households in York that have already implemented energy
efficiency measures.

Table 6.1 Percentage of Households with Efficiency Measures

Measure (%) 

Cylinder insulation 93 

Loft insulation 72 

Draught stripping 50 

Cavity wall insulation 27 

Boiler replacement 10 

Double glazing 26 

 

Both infrastructure and technological measures can bring about a substantial reduction in energy
consumption. It is estimated that the boiler is at least 20 years old in about 20 percent of central heating
systems. Therefore, the replacement of 75 percent of this 20 percent would be a realistic and rewarding
target by 2010. This would mean that 10,000 households would have replaced inefficient boilers with
condensing boilers. By targeting the most inefficient boilers the largest rewards can be achieved. Assuming
an average efficiency of 70 percent for the old boilers and 95 percent for the new condensing boilers, a
reduction of 18 percent in energy consumption would be achieved in nearly 10,000 households for
heating.

Insulation measures also have a role to play in reducing energy consumption. The efficiency gains
will vary by house type and the age of the house. However, some assumptions have been made about the
average reduction in energy consumption achievable by the installation of various measures (Table
6.2).

The reduction is also not cumulative. For example, if all the measures above were implemented
there would not be a reduction of 29 percent in energy consumption. The efficiency scenarios have
taken this into account.

Table 6.2 Potential Reduction in Energy Use with the Installation of Insulation Measures

Insulation measure Percentage reduction 

Loft Insulation 5 
Cavity wall 10 
Double-glazing 10 
Cylinder insulation 4 
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The efficiency scenario assumes particular schemes are introduced for example, subsidising double-
glazing and draft stripping. The suggestions below demonstrate the reductions in the ecological footprint,
which are possible under fairly radical but achievable targets. The efficiency scenario assumes the
following:

1 80 percent of houses with double-glazing

1 80 percent of houses with draft stripping

1 50 percent of houses with boilers which are more than 84 percent efficient

These three suggestions would bring about a reduction of 7,200 hectares in the ecological footprint
of domestic heating. This represents a 30 percent reduction in the ecological footprint for heating and
hot water. A strong campaign on even one particular measure could be very effective. Historically, a
well-publicised campaign that offers financial incentives can bring about a substantial reduction in the
ecological footprint.

Lighting and heating currently represent 70 percent of the ecological footprint for domestic energy
consumption. With the implementation of the more adventurous targets above, a potential reduction of
9,000 hectares could be achieved.

6.2.3 Domestic Energy Sufficiency Scenario

The most effective method of reducing energy consumption is not to use so much in the first place.
There are many measures that every household could take that don’t entail the purchasing of a more
efficient appliance or infrastructure change.

The following measures have been included in the scenario on energy sufficiency:

1 Reduction in the thermostat temperature by 2 degrees for 50 percent of the houses in York;

1 90 percent do not use the stand-by function on the TV;

1 A 20 percent increase in the use of showers replacing baths;

1 90 percent of houses turn off lights when not in the room.

All these measures entail no capital outlay and are very effective in reducing the ecological footprint
of the domestic housing. Eleven percent of the energy consumption of appliances is consumed by
individuals using the stand-by modes on TVs, video players and computers.

Table 6.3 Reductions Achieved by Using Different Energy Sufficiency and Efficiency Measures

 Reduction with 
Sufficiency 
Measures Only 

Reduction with 
Efficiency 
Measures Only 

Reduction with 
Sufficiency and 
Efficiency Measures 

Overall Percentage 
reduction 

Appliances 1,177 - 1,177 10 

Heating and Water 4,093 7,200 11,293 24 

Lighting 2,140 1,793 3,933 33 

     

Total Reduction 7,410 8,993 16,403 21 

 

These four sufficiency measures produce a total reduction of 7,410 hectares. Therefore, with these
scenario assumptions, sufficiency measures are almost as effective as efficiency measures. These
sufficiency and efficiency measures combined could bring about a substantial (16,403 ha) reduction in
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York’s ecological footprint by 2010 representing 21 percent less total domestic energy consumption
than with the business-as-usual scenario. If York achieved such a target it would have made an historic
reduction in the domestic market. This would take York far beyond the Kyoto targets.

6.3 Waste Scenarios

The waste scenarios provide an insight into both efficiency and sufficiency measures to reduce the
ecological footprint of waste. ‘Efficiency measures’ to reduce the impact of waste include recycling and
composting while ‘sufficiency measures’ include the introduction of waste minimisation schemes.

The ecological footprint of waste that goes to landfill considers the total energy required in producing
the product that is being disposed of. The assumption is that the embodied energy of the product has not
been utilised by going to landfill. The recycling footprint considers the amount of energy that is required
to recycle the product. The ecological footprint of composting is the energy required in composting the
organic material. For organic material that goes to landfill the ecological footprint considers the un-
recovered methane production at the landfill site. All calculations include the transportation requirements
either to recycle or deliver to landfill.

The energy required to recycle is always lower than that used in producing the product from virgin
materials.  However, there is a large variation between products in the potential for energy savings from
recycling. Aluminium cans produced from raw materials have an ecological footprint of 6.72 ha per
tonne. The energy required to recycle aluminium cans is relatively small with an ecological footprint
for recycled aluminium of only 0.40 ha per tonne. The ecological footprint for recycled aluminium cans
is therefore 95 percent less than that for aluminium cans made from virgin materials. For plastics the
saving is not so favourable. PET from virgin material has an ecological footprint of 2.31 ha per tonne,
while the recycled PET ecological footprint is 2.06 ha per tonne. Thus there is only an 11 percent
advantage of recycling over the use of raw materials.

The more material that is recycled the lower the ecological footprint will be. However, the issue of
the throughput of materials is also taken into account. The higher the volume of material consumed by
York residents, the greater will be the resultant ecological footprint. The methodology employed is
therefore responsive to different waste strategies. For example, the ecological footprint will reduce with
the introduction of recycling and composting schemes, waste minimisation schemes, product substitution
and incineration.

In the past, the focus of domestic waste policy has been on recycling. However this focus does not
address the steady increase in waste production each year. In the UK, the average increase in domestic
waste is 3 percent per year. The impact of having to recycling two tonnes of PET is higher than that of
sending one tonne of PET to landfill. The scenarios below offer an insight into the effectiveness of a
range of different options combining more efficient use of resources with sufficient use of resources.

6.3.1 Current Waste Policy

Within the European Union (EU) and the European Free Trade Area the total amount of waste generated
increased by approximately 10 per cent between 1995 and 2000. Most waste streams are expected to
increase over the next decade with a 40 to 60 per cent increase in the generation of paper, cardboard,
glass and plastic waste compared to 1990 levels2. The majority of waste produced in the EU is either

2 EEA (1999) Environment in the European Union at the Turn of the Century, European Environmental Agency,
Copenhagen, Denmark.
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incinerated or sent to landfill both of which result in a number of environmental impacts including the
emission of greenhouse gases (GHGs)3. The 1989 Community Strategy for Waste Management set out
four priorities for dealing with waste: prevention (including re-use), recycling, energy recovery, and
optimisation of final disposal and regulation of transport. The Waste Strategy is embodied in the Waste
Framework Directive (75/442/EEC) and there are a number of supporting directives that address specific
waste streams4.

With regard to packaging waste, the EC Directive 94/904/EC on Packaging and Packaging Waste
places an obligation on various parties in the ‘packaging chain’ and is the first example in Europe of
‘producer responsibility’. One of the fundamental aims of the Directive was to ‘harmonise national
measures concerning the management of packaging and packaging waste’ (EC, 1994, p12)5. The Directive
established two targets: a recovery target for packaging waste of between 50 and 60 per cent and a
recycling target of between 25 and 45 per cent. Both of these targets, as highlighted by Coggins (2001),
are end-of-the-pipeline solutions to waste management.

In the United Kingdom, 106 million tonnes of household, commercial and industrial resources are
treated as waste in each year. In 2000, approximately 66 per cent of commercial and industrial waste
and 83 per cent of municipal waste produced went to landfill where the energy embodied within the
product is effectively lost6. Household waste in the UK is increasing by approximately 3 per cent each
year. If this growth rate continues then there is a need to almost double the number of new waste
management facilities by 2020 to deal with the problem. This would increase pressures on the land
available for development as well as resulting in a number of environmental impacts associated with the
construction and operation of waste management facilities and the loss of resources from the system
never to be used again. In 1995, the UK Government came close to establishing a target for overall
waste reduction. However, no target was ever established and focus was placed on recycling targets for
household waste.

The UK Government’s Waste Strategy 2000 sets out targets to reduce the amount of industrial and
commercial waste sent to landfill to 85 per cent of 1998 levels by 2005. In meeting this target, the
strategy focuses on recovering value and reducing environmental impacts. Currently, 9 per cent of UK
household waste is recycled and a further 8 per cent has energy recovered from it.

The UK Government has set targets to increase the recycling of municipal waste. The targets require
that at least:

1 25 per cent of household waste is recycled or composted by 2005

1 30 per cent of household waste is recycled or composted by 2010

1 33 per cent of household waste is recycled or composted by 2015

To ensure that all local authorities contribute to achieving these targets, the Government has set
statutory performance standards for local authority recycling in England. The standards form part of the

3 Petts, J. and Edjljee, G. (1994) Environmental Impact Assessment for Waste Treatment and Disposal Facilities,
John Wiley, Chichester.

5 EC (2001) Environment 2010: Our Future, Our Choice: the Sixth EU Environment Action Programme 2001-
10, European Commission, Brussels, Belgium.

6 DETR (2000) Delivering Emission Reductions, Department of Transport, Environment and the Regions,

HMSO, London, UK.

4 Haq, G. and Artola, (1996) A. Waste policy and management in the European Union, International Journal of
Environmental Education and Information 15(1). pp 1-16.
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existing Best Value framework which requires local authorities to set challenging targets to improve
waste management services. Local authorities will therefore need to make significant progress in recycling
and composting to meet these new statutory standards. However, recycling rates have been criticised
for not being a valid indicator of progress towards sustainable waste management. Jackson (1996)7

argues that “the energy of collection, separation, treatment and redistribution can make the recycling
loop the least efficient of the loops from a materials perspective”.

6.3.2 Present Situation – 2000

In 2000, each York resident person was responsible for producing on average 0.47 tonnes of domestic
solid waste which is the equivalent of 1.28 tonnes per household. York achieved a recycling rate of 10
percent. Table 6.4 provides a breakdown of the ecological footprint of domestic waste in York for 2000.

Thirty-eight percent of all domestic waste in 2000 was either paper or card and these items were
responsible for 49 percent of the total ecological footprint for domestic waste. The methane produced
by paper and card at the landfill site has been included in the ecological footprint calculation. Plastics
are responsible for 11 percent of the domestic waste stream (9,313 tonnes). Only 0.2 percent of plastics
are recycled meaning that 9,293 tonne of plastic were disposed of to landfill. Organic waste (both food
and garden) represents a considerable proportion of the domestic waste stream producing 24,250 tonnes
(29 percent). However, the impact of this waste is extremely low for two reasons. Firstly, 15 percent is
composted. This is the highest recycling rate of any domestic waste category. Secondly, a considerable
amount (about 70%) of the methane produced by the remainder at the landfill site is recovered and
converted into electricity.

Table 6.4 The Ecological Footprint of Domestic Waste in 2000

7 Jackson T. (1996) Material Concerns: Pollution, Profit and Quality of Life. Routledge, London.

 Total 
waste 
(tonnes) 

Waste 
landfill 
(tonnes) 

Ecological 
footprint 
conversion 
(ha/t) 

Landfill 
ecological 
footprint 
(ha) 

Waste 
recycled 
(tonnes) 

Recycled 
ecological 
footprint 
conversion 
(ha/t) 

Recycling 
ecological 
footprint  
(ha) 

Total 
ecological 
footprint  
(ha) 

Newspapers + magazines 13,706  12,308  2.99 36,793  1,399 0.97 1,358  38,151  

Other paper 11,490  10,298  3.53 36,352  1,191 0.97 1,157  37,509  

Liquid containers (cartons) 419  419  3.53 1,478  - 0.97 -    1,478  

Card 6,028  6,028  3.26 19,627  - 0.97 -    19,627  

Refuse sacks 670  670  3.05 2,040  -  -    2,040  

Plastic film 2,930  2,930  2.79 8,167  - 2.54 -    8,167  

Plastic bottles (PET) 1,360  1,340  2.31 3,091  20 2.06 41  3,133  

Food packaging 1,423  1,423  2.42 3,444  - 2.17 -    3,444  

Dense plastic 2,930  2,930  2.20 6,440   1.95 -    6,440  

Textiles 1,632  1,507  11.72 17,658    -    17,658  

Nappies 3,433  3,433  6.64 22,782  -  -    22,782  

Glass bottles 6,906  5,526  2.87 15,857  1,380 0.49 675  16,532  

Organic garden waste 9,598  6,028  0.17 1,020  3,570 0.01 21  1,041  

Other putrescible material 14,652  14,652  0.15 2,187  - 0.01 -    2,187  

Steel cans 3,536  3,516  1.76 6,173  20 0.84 17  6,190  

Other ferrous metal  1,845  1,340  1.76 2,352  505 0.84 422  2,774  

Batteries 266  251  8.11 2,038  15  -    2,038  

Aluminium cans 375  335  6.72 2,252  40 0.40 16  2,268  

Aluminium foil 419  419  8.36 3,499  - 0.40 -    3,499  

Totals 83,617  75,353  193,251  8,140  3,708   196,958 
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Disposable nappies are responsible for 4 percent of all domestic waste. Their ecological footprint is
high due to the considerable amount of energy that is required in their production. There is no potential
to recycle nappies as they are made up of a number of different components. Aluminium cans are only
responsible for 1 percent of the domestic waste stream but are responsible for 3 percent of the ecological
footprint.

Finally, the total ecological footprint of domestic waste in 2000 is 196,958 hectares. This is a
considerable ecological footprint that works out to 1.1 hectares per person.

6.3.3 The Business-as-Usual Scenario

The Business-as-Usual Scenario outlines what the ecological footprint of domestic waste will be in
2010 if no further policies are introduced. The assumptions are:

1 Current recycling rate of 11 percent

1 Current composting rate

1 A increase in the tonnage of domestic waste by 3 percent per year

1 The current waste mix will remain the same

1 York’s population will remain stable

While this is considered to be a worst case scenario it is not unrealistic. In York, the total tonnage of
domestic waste has increased more than 3 percent a year for the last 10 years. Secondly, a considerable
amount of effort will be required to raise the recycling and composting rates for domestic waste. The
results of this scenario are shown in Table 6.5.
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Table 6.5 The ‘Business-as-Usual’ Scenario Projections for 2010

If current waste policies are not improved by 2010 the ecological footprint of domestic waste will rise
by 67,733 hectares. This is an increase from 1.1 hectares per person to 1.5 hectares per person. Nearly
11,000 tonnes of materials will be recycled while over 100,000 tonnes will go to landfill.

The business as usual scenario demonstrates that present waste policies will be insufficient to cope
with the increase in waste generation. More effective measures of increasing recycling rates are required.
This is something that has been taken into account by the City of York Council with the introduction of
door-to-door recycling collection schemes. This scenario has been explored below.

6.3.4 ‘Curb-side Collection Recycling’ Scenario

By 2010, if City of York Council were to expand the collection of recyclable waste to every household
in York, it is reasonable to assume that 65 percent would participate. A 65 percent participation rate is
usually assumed for such schemes, for example, this figure was also adopted in the North Yorkshire
Waste Strategy.

The assumptions of this scenario are:

1 The scheme covers 100 percent of York households

1 The participation rate is 65 percent

1 The current composting rate is maintained

 Total 
waste in 
2000 
(tonnes) 

Total 
waste in 
2010 
(tonnes) 

Waste 
landfill 
2010 
(tonnes) 

Ecological 
footprint 
conversion 
(ha/t) 

Landfill 
ecological 
footprint 
(ha) 

Waste 
recycled 
2010 
(tonnes) 

Recycled 
ecological 
footprint 
conversion 
(ha/t) 

Recycling 
ecological 
footprint 
(ha) 

Total 
ecological 
footprint 
(ha) 

Newspapers + 
magazines 

13,706  18,420 16,540  2.99  49,447  1,880  0.97  1,826  51,272  

Other paper 11,490  15,441 13,840  3.53  48,854  1,601  0.97  1,555  50,409  

Liquid containers 
(cartons) 

419  563 563  3.53  1,987  -    0.97                -   1,987  

Card 6,028  8,101 8,101  3.26  26,377  -    0.97                -   26,377  

Refuse sacks 670  900 900  3.05  2,742  -                   -   2,742  

Plastic film 2,930  3,938 3,938  2.79  10,975  -    2.54                -   10,975  

Plastic bottles 
(PET) 

1,360  1,827 1,800  2.31  4,154  27  2.06  55  4,210  

Food packaging 1,423  1,913 1,913  2.42  4,629  -    2.17                -   4,629  

Dense plastic 2,930  3,938 3,938  2.20  8,653  -    1.95                -   8,653  

Textiles 1,632  2,193 2,025  11.72  23,731  -                   -   23,731  

Nappies 3,433  4,613 4,613  6.64  30,617  -                   -   30,617  

Glass bottles 6,906  9,281 7,426  2.87  21,311  1,855  0.49  907  22,218  

Organic garden 
waste 

9,598  12,899 8,101  0.17  1,370  4,798  0.01  28  1,399  

Other putrescible 
material 

14,652  19,691 19,691  0.15  2,939  -    0.01                -   2,939  

Steel cans 3,536  4,753 4,726  1.76  8,296  27  0.84  22  8,319  

Other ferrous metal  1,845  2,479 1,800  1.76  3,160  679  0.84  568  3,728  

Batteries 266  358 338  8.11  2,738  20                 -   2,738  

Aluminium cans 375  504 450  6.72  3,026  54  0.40  22  3,048  

Aluminium foil 419  563 563  8.36  4,703  -    0.40                -   4,703  

Totals 83,617   101,267  259,712  10,939   4,983  264,694  
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1 There is an increase in the tonnage of domestic waste of 3 percent per year

1 The current waste mix remains the same

1 The York population remains stable

Table 6.6 The ‘Curb-side Recycling Collection’ Scenario Projections for 2010

The introduction of an effective curbside collection scheme for recyclable waste that covers the whole
city is extremely effective in reducing the ecological footprint. Such a scheme would be responsible for
reducing the domestic waste ecological footprint from 264,694 to 201,745 hectares, a reduction of
62,949 hectares by 2010. This is compared with the business as usual scenario. One of the reasons why
the ecological footprint has not reduced further is because there are many products in the domestic
waste stream that would not be recycled in such a scheme. These include some of the plastic packaging,
nappies and organic kitchen waste. The ecological footprint of the extra recycling of domestic waste
under this scenario is 31,621 hectares. This is considerably less than the impact of products going to
landfill but is still significant.

If the ecological footprint of domestic waste for 2000 is taken as the baseline for comparison then
the introduction of a comprehensive curbside collection scheme fails to reduce the ecological footprint.
In 2000, the ecological footprint was 196,958 hectares, while with this scenario the ecological footprint
would be 201,745 hectares by 2010, an increase of 4,787 hectares.  Therefore, the increased recycling
rate can only act a measure to partially compensate for the growth in domestic waste production projected
for 2010.

 Total 
waste in 
2000 
(tonnes) 

Total 
waste in 
2010 
(tonnes) 

Waste 
landfill 
2010 
(tonnes) 

Ecological 
footprint 
conversion 
(ha/t) 

Landfill 
ecological 
footprint 
(ha) 

Waste 
recycled 
2010 
(tonnes) 

Recycled 
ecological 
footprint  
conversion 
(ha/t) 

Recycling 
ecological 
footprint  
(ha) 

Total 
ecological 
footprint (ha) 

Newspapers + magazines 13,706 18,420 5,789 2.99  17,306  12,631  0.97  12,268  29,574  
Other paper 11,490 15,441 4,844 3.53  17,099  10,597  0.97  10,292  27,391  
Liquid containers (cartons) 419 563 563 3.53  1,987  -    0.97                -    1,987  
Card 6,028 8,101 8,101 3.26  26,377  -    0.97                -    26,377  
Refuse sacks 670 900 900 3.05  2,742  -                   -    2,742  
Plastic film 2,930 3,938 3,938 2.79  10,975  -    2.54                -    10,975  
Plastic bottles (PET) 1,360 1,827 630 2.31  1,454  1,197  2.06  2,467  3,922  
Food packaging (LDPE) 1,423 1,913 1,913 2.42  4,629  -    2.17                -    4,629  
Dense plastic (HDPE) 2,930 3,938 3,938 2.20  8,653  -    1.95                -    8,653  
Textiles 1,632 2,193 2,025 11.72  23,731  -                   -    23,731  
Nappies 3,433 4,613 4,613 6.64  30,617  -                   -    30,617  
Glass bottles 6,906 9,281 2,599 2.87  7,459  6,682  0.49  3,267  10,725  
Organic garden waste 9,598 12,899 8,101 0.17  1,370  4,798  0.01  28  1,399  
Other putrescible material 14,652 19,691 19,691 0.15  2,939  -    0.01                -    2,939  
Steel cans 3,536 4,753 1,654 1.76  2,904  3,099  0.84  2,592  5,496  
Other ferrous metal  1,845 2,479 1,800 1.76  3,160  679  0.84  568  3,728  
Batteries 266 358 118 8.11  958  240                 -    958  
Aluminium cans 375 504 158 6.72  1,059  346  0.40  139  1,198  
Aluminium foil 419 563 563 8.36  4,703  -    0.40                -    4,703  

Totals 83,617     170,124  40,268   31,621  201,745  
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6.3.5 Curb-side Collection Including Green Waste’ Scenario

This scenario includes a household composting scheme in addition to the curb-side collection of domestic
waste for recycling as described in the scenario above. This scenario adopts the same participation rate
for the composting scheme as was assumed for curb-side recycling (65 percent). It also assumes that,
for those who participate, all organic garden waste and putrescible material are composted. The results
of this scenario are given in Table 6.7.

Table 6.7 ‘Curb-side Collection Including Green Waste’ Scenario Projections for 2010

 Total 
waste in 
2000 
(tonnes) 

Total 
waste in 
2010 
(tonnes) 

Waste 
landfill 
2010 
(tonnes) 

Ecological 
footprint 
conversion 
(ha/t) 

Landfill 
ecological 
footprint 
(ha) 

Waste 
recycled 
2010 
(tonnes) 

Recycled 
ecological 
footprint  
conversion 
(ha/t) 

Recycling 
ecological 
footprint  
(ha) 

Total 
ecological 
footprint (ha) 

          

Newspapers + 
magazines 

 13,706  18,420  5,789    2.99  17,306   12,631      0.97   12,268   29,574  

Other paper  11,490  15,441  4,844        3.53  17,099    10,597      0.97   10,292   27,391  

Liquid Containers 
(cartons) 

 419  563  563    3.53  1,987        -         0.97        -     1,987  

Card  6,028  8,101  8,101     3.26  26,377        -        0.97        -     26,377  

Refuse sacks  670  900  900      3.05  2,742        -           -     2,742  

Plastic film  2,930  3,938  3,938        2.79  10,975        -     2.54         -     10,975  

Plastic bottles (PET)  1,360  1,827  630       2.31  1,454      1,197  2.06     2,467   3,922  

Food packaging 
(LDPE) 

 1,423  1,913  1,913        2.42  4,629        -     2.17      -     4,629  

Dense plastic 
(HDPE) 

 2,930  3,938  3,938        2.20  8,653        -     1.95      -     8,653  

Textiles  1,632  2,193  2,025      11.72  23,731        -          -     23,731  

Nappies  3,433  4,613  4,613         6.64  30,617        -          -     30,617  

Glass bottles  6,906  9,281  2,599      2.87  7,459    6,682   0.49   3,267   10,725  
Organic garden 
waste 

 9,598  12,899  2,835    0.17  480   10,064   0.01   59   539  

Other putrescible 
material 

 14,652  19,691  6,892    0.15  1,029    12,799   0.01          75   1,104  

Steel cans  3,536  4,753  1,654    1.76  2,904   3,099   0.84   2,592   5,496  
Other ferrous metal   1,845  2,479  1,800    1.76  3,160    679     0.84   568   3,728  

Batteries  266  358  118   8.11  958   240       -     958  

Aluminium cans  375  504  158     6.72  1,059   346   0.40   139   1,198  

Aluminium foil  419  563  563       8.36  4,703          -     0.40       -     4,703  

Totals  83,617    167,323  58,333     31,727   199,050  

 

The organic garden waste and other putrescible material has now been diverted from landfill to
composting. The reduction in the ecological footprint has been minimal. The reason for this is the
successful installation of a methane recovery facility at the landfill site. Without the conversion to
electricity of methane at the landfill site the ecological footprint for organic material would have been
substantial.

With the recycling and composting scheme in place and open to all households in York the total
ecological footprint by 2010 is 199,050 hectares. This is now very close to the baseline figure for 2000.
However, all these schemes have failed to bring about a reduction in the ecological footprint of waste.
This is due to continual increase in the volume of domestic waste. To reduce the throughput of waste
becomes an imperative for any waste strategy.
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6.3.6 ‘Combined Efficiency and Sufficiency’ Waste Scenario

The final scenario demonstrates what can be achieved when efficient recycling and composting are
combined with a waste minimisation strategy. The main assumption of this scenario is that current
consumption trends will continue until 2004 causing a growth of 3 percent in the volume of domestic
waste each year. Then from 2004, growth in the volume of waste generated will be reduced by 0.5
percent a year stabilising at zero by 2010.

The scenario is realistic in that it accepts that two years is required to put the necessary policies in
place to reduce the volume of waste. A modest reduction target of 0.5 percent per annum has then been
adopted for subsequent years.

Different measures concerning waste minimisation are relevant to different regions, cities and local
authority areas. Therefore, this scenario has not outlined exactly what schemes need to be adopted but
has suggested a range of measures that may be suitable. This list of 14 waste reduction ideas is not
exhaustive but merely serves to illustrate what could be incorporated into a public education campaign.

1 Take your own shopping bag to the shops,

1 Purchase refillable containers for cleaners, washing solutions and detergents whenever possible,

1 Purchase rechargeable batteries rather than disposable batteries,

1 Avoid disposable products e.g. nappies, tissues, face wipes, razors, paper and plastic cups, plates
and cutlery, kitchen towels, serviettes, computer cartridges, cameras,

1 Avoid over-packaged products and try to buy unpackaged goods,

1 Use a milk delivery service,

1 Buy products in returnable containers wherever possible,

1 Pass on unwanted clothes and furniture to friends or charities and second-hand shops,

1 Buy products such as washing-up liquid in large containers to help minimise packaging waste,

1 Reuse envelopes - purchase re-use labels,

1 Use and refill your own durable drink bottle,

1 Contact the Mailing Preference Service to discourage unsolicited mailshots,

1 Place a note on the door stating no unsolicited mail,

1 For brown and white goods check whether spare parts are available locally, and when items break,
try to repair them rather than replacing them.

With the promotion of a number of these suggestions the target of 0.5 percent after 2004 seems achievable.

6.3.7 Ecological Taxation of Waste

Another more radical suggestion is to change the method by which we pay for our waste services. At
present all households in York, irrespective of weight of their waste, pay a flat rate. This system is not
only unfair but does not encourage individuals to reduce the volume of their waste.

In 1993 the Ontario provincial government gave municipalities the authority to charge variable rate
fees based on waste volume or weight. As a consequence there is a growing trend in Ontario communities
to adopt ‘user pay’ systems to finance residential curbside garbage collection.8 The households pay for

8 http://www.web.net/ecoeco/cs-user.htm
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waste collection according to the weight of their dustbins. A relatively simple system of bar codes is
used to assign the weight of a household’s wheelie-bin. Households then receive a monthly bill, taken
out by Direct-Debit, for the weight of waste that they produce. In Ontario, waste to landfill was reduced
by 42% in one year. No scheme has ever been so effective in reducing the waste generation of households.
There is no charge for waste that is collected as part of a door-step recycling and composting scheme.
Finally, illegal dumping of waste has not become a problem.

Financially, the scheme would be extremely effective in York. At present, the Landfill Tax means
that there is charge of £12 for each tonne that goes to landfill. This is expected to increase over the next
10 years by at least £1 per year. By 2010, the Landfill Tax is likely to be £20 a tonne. For domestic waste
the Landfill Tax could cost York over £5 million. The pay by weight scheme has the potential to reduce
this cost to under £3 million, if not more.

The results of combining waste minimisation with recycling and composting are given in Table 6.8.
The advantages of both recycling and composting scheme immediately become more apparent with an
introduction of waste minimisation schemes. Only the combination of all measures brings about a
reduction in the ecological footprint of domestic waste. While the probable reduction in waste would
not be evenly distributed between all the different materials, for ease of calculation this scenario has
assumed this. A waste minimisation scheme could be even more effective if particular materials are
targeted that cannot be recycled.

Table 6.8  ‘Combined Efficiency and Sufficiency’ Waste Scenario projections for 2010

 Total 
waste in 
2000 
(tonnes) 

Total 
waste in 
2010 
(tonnes) 

Waste 
landfill 
2010 
(tonnes) 

Ecological 
footprint 
conversion 
(ha/t) 

Landfill 
ecological 
footprint 
(ha) 

Waste 
recycled 
2010 
(tonnes) 

Recycled 
ecological 
footprint  
conversion 
(ha/t) 

Recycling 
ecological 
footprint  
(ha) 

Total 
ecological 
footprint 
(ha) 

          

Newspapers + 
magazines 

13,706 16,617 5,222 2.99  15,612  11,394  0.97  11,067  26,679  

Other paper 11,490 13,929 4,370 3.53  15,425  9,560  0.97  9,285  24,710  

Liquid Containers 
(cartons) 

419 508 508 3.53  1,792  -    0.97                -   1,792  

Card 6,028 7,308 7,308 3.26  23,795  -    0.97                -   23,795  

Refuse sacks 670 812 812 3.05  2,474  -                   -   2,474  

Plastic film 2,930 3,553 3,553 2.79  9,901  -    2.54                -   9,901  

Plastic bottles (PET) 1,360 1,648 568 2.31  1,312  1,080  2.06  2,226  3,538  

Food packaging 
(LDPE) 

1,423 1,726 1,726 2.42  4,175  -    2.17                -   4,175  

Dense plastic (HDPE) 2,930 3,552 3,552 2.20  7,806  -    1.95                -   7,806  

Textiles 1,632 1,979 1,827 11.72  21,408  -                   -   21,408  

Nappies 3,433 4,162 4,162 6.64  27,620  -                   -   27,620  

Glass bottles 6,906 8,372 2,345 2.87  6,729  6,028  0.49  2,947  9,675  

Organic garden waste 9,598 11,636 2,558 0.17  433  9,078  0.01  53  486  

Other putrescible 
material 

14,652 17,763 6,217 0.15  928  11,546  0.01  68  996  

Steel cans 3,536 4,287 1,492 1.76  2,619  2,795  0.84  2,338  4,958  

Other ferrous metal  1,845 2,236 1,624 1.76  2,851  612  0.84  512  3,363  

Batteries 266 323 107 8.11  865  216                 -   865  

Aluminium cans 375 455 142 6.72  955  312  0.40  125  1,081  

Aluminium foil 419 508 508 8.36  4,242  -    0.40                -   4,242  

Totals 83,617     150,942  52,622   28,621  179,563  
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6.3.8 Domestic Waste Conclusions

Table 6.9 gives the per capita ecological footprint of domestic waste for the different scenarios.

Table 6.9 Current ecological footprint for domestic waste compared with the scenario projections for
2010

  Per capita ecological footprint 
(hectares) 

 Current Situation 1.09 
Scenario 1 Business as usual scenario 1.47 
Scenario 2 Curb-side recycling scenario  1.12 
Scenario 3 Curb-side recycling and Composting Scenario  1.10 
Scenario 4 Curb-side recycling, composting and waste minimisation 

scenario 
0.99 

 

Only the introduction of all three schemes brings the ecological footprint of domestic waste below one
hectare per capita in 2010. The analysis presented here illustrates the inadequacy of a waste management
policy overly dependent on recycling and demonstrates the need to focus on sufficiency as well as
efficiency in the use of resources. It is concluded that, compared with more traditional approaches, a
resource consumption perspective provides a clearer and more robust insight into the challenges of
achieving a sustainable waste management policy.

6.4 Conclusions

Although York’s material requirements and its ecological footprint are only marginally higher than the
UK average, the fact that on average, each York resident requires nearly 19 tonnes of materials per year
and has an ecological footprint 70% higher than their fair Earthshare does give cause for concern.
Moreover, within certain sectors (e.g. domestic waste) further increases in York’s material flow and
ecological footprint are projected for 2010 if no further action is taken. The scenario analysis demonstrates
that both a reduction in the throughput of materials (sufficiency) and a greater degree of efficiency in the
use of resources are required in order to move towards sustainability. In other words, an ‘efficiency
revolution’ remains without direction if it is not accompanied by a ‘sufficiency revolution’.

The gross inequities that exist between the developed and developing countries are clearly
demonstrated by the ecological footprint. Whilst the average York resident does not have the impact of
the average American, there is still a need to consider the issue of resource distribution.

The ecological footprint methodology ensures that York’s residents are held fully responsible for
the CO2 emissions resulting from their consumption, wherever the consumption items were originally
produced. The current national accounting system for CO2 emissions could be regarded as inadequate in
the sense that it has no mechanism to deal with the issue of trade and the associated ‘CO2 emissions by
proxy’. It could be argued that it should not be possible for the UK to reduce the total CO2 emissions for
which it is held responsible simply by outsourcing manufacturing to other countries.

As policy tools, material flow analysis (MFA) and the ecological footprint are scientifically robust
enough to guide decision-makers in choosing the best options for sustainability. In particular, the
ecological footprint methodology, by combining the effects of both efficiency and consumption into a
single aggregated indicator, can be invaluable in this process. This study has demonstrated the ability of
both methodologies to generate useful indicators for sustainable development. At present, the current
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methods by which sustainability is measured are inadequate. More comprehensive indicators, like MFA
and the ecological footprint, provide a deeper and more poignant focus on our currently unsustainable
lifestyles. There is also a use for these tools in the policy arena, for building scenarios and offering
suggestions about what future policies could potentially achieve.

Lastly, this study has demonstrated that it is possible to develop a regionally-based approach to
material flow analysis and ecological footprinting. To understand the flow of materials at the national
level is relatively simple task due to the availability of trade data. However, on the regional and city
level the methods employed have had to be more innovative and often require a modelling approach.
While this study has not defined a definitive approach that can be applied to all regions and cities in the
UK, it has contributed to a growing area of research that is attempting to understand and quantify the
impact of material consumption on the local and global environment.
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