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Ecological 
Footprint

ENSC 390       2005

Assigned reading

Ecological Footprint of Nations (2004)

At the website of Redefining Progress

www.RedefiningProgress.org

Other information and the latest footprint 
calculator are also at this site

Energy

The common currency of physical development
• energy is an essential, but also a luxury

• related to environment, but with economic and social 
aspects too

• there are major energy consumption discrepancies 
between HIC and LIC – equity issues abound

• technological solutions are part, but not all of the 
answer, to sustainable energy consumption. 
Conservation in HICs has to be of high priority.

In many ways, energy consumption is a 
measure of environmental impact, and in some 
ways is a measure of sustainability itself

Ecological footprint

The area of the Earth’s surface 
required to support the life of a person 
or community in a particular lifestyle

A measure of human impact on the 
store of natural capital

A large footprint means that the supply 
of natural capital is much diminished 
by that individual (or….)

Humans rely on the absorptive and 
regenerative capacity of the Earth. 

If we live within that supply of capital, we live 
sustainably

The ideal is to leave a small footprint – ie 
to draw on the minimum quantity of 
natural capital

Ray Anderson, CEO Interface Flooring – the sustainability 
mountain….at the goal, the summit, the footprint is almost 
zero (Queen’s: January 29, 2004
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Ecological Footprint (Wackernagel and Rees)

Measured in area units (hectares, ha)
1. Actual space required for life activities – growing 

food, building homes and all types of 
infrastructure….roads, service facilities, factories, 
dams and so on.

2. Land required to assimilate CO2 released during fuel-
derived energy consumption…in a way, closing the 
energy loop. Since fuels are all biomass based, this 
will also be a way of replenishing in the total energy 
resource.

Therefore ‘Energy plus’

Individual footprint:

• based on an assessment of all the 
activities of a person’s daily life, summed 
over a one year period life….food, work, 
travel, purchases etc.

National footprint

• based on statistics of resource use 
and other macroeconomic data

Space on Earth required for

• Growing food and fibre

• Grazing animals

• Harvesting timber

• Fishing

• Accommodating infrastructure

• Energy use – sequestering CO2

Land component of growing food - bread

7.8 lbs per month  =  3.8 kg per month ~ 
46 kg per year. Average wheat yield = 4.0 
tonnes per hectare. Therefore 46 / 4000 = 0.012 
ha  =  120 m2 are required

On calculator – 417 m2 total, 294 m2 associated 
with energy. Therefore 121 m2 is actual land 
requirement.

Land component for paper

3 lbs per month…..related to area 
required to produce enough wood…….

What is the relation between energy 
consumption and area of land?

Energy / land relationship

Land required to sequester CO2 released when fossil fuel is used

1. CO2 produced from fuel (natural gas, methane, CH4)

CH4 +   2O2 CO2 +   H2O              ∆H  =  -890 kJ

When 890 kJ of energy are produced it is accompanied by 44 g CO2

100 GJ  =  100 x 109 J of energy is used as the base for calculation 

Amount of CO2 released when 100 GJ of energy is produced from natural gas 

100 x 109 x 44

890 x 103

=   4.9 x 106 g   =   4.9 t

For coal, C     11.2 t per  100 GJ;           For petroleum, CH2 6.6 t per 100 GJ

This figure,  - 6.6 t per 100 GJ of energy  - is used in calculating the area of 
land needed for compensating for this energy production 
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2. How is CO2 sequestered by natural ecosystems?

Mostly by growing plants (trees and others) and accumulation in peat bogs

Photosynthesis

CO2 +   H2O                        {CH2O}    +   O2

The average forest accumulates 4.5 t ha-1 of biomass {CH2O} each year, 
when growing under optimum conditions

The fraction of C / {CH2O}   =   12 / 30   

Therefore, the amount of carbon (C) in 4.5 t is as follows:

4.5 t of {CH2O}  =  4.5 x 12 / 30  =  1.8 t of C per hectare

1.8 t of C (which came from CO2 ) is equivalent to 1.8 x 44/12  =  6.6 t CO2

Remember that 6.6 t of CO2 ~  100 GJ of petroleum energy

Therefore, one hectare of land can sequester the CO2 released during 
the consumption of 100 GJ of energy

Footprint calculations are conservative

Many issues are not fully included
• non-renewable resources ….except fuel and embodied 

energy

• water….except hydroelectric dams

• waste….except carbon dioxide

• reduced biodiversity

Optimistic agriculture yield data are used

Specific pollution issues, like ozone depletion or urban 
atmospheric problems are omitted

Other issues like forest fires are not considered

What is the allowed footprint?

The Earth’s surface has a total area of 51 billion hectares

Of this, 22 % is biologically productive

9.1 billion hectares of land 11.4 billion hectares

2.3 billion hectares of ocean

The Earth’s population is 6.3 billion people

Therefore the ‘allowed footprint’ is 11.4 / 6.3  =  1.81 hectares

If we allow 12 % for other species, the remainder for humans is

1.61 hectares

Global data - data average per capita (2000)

Footprint Space Difference

World 2.2 1.81 -0.49

Canada 8.6 14.2 + 5.4

USA 9.6 (2716) 5.3 -4.4

UK 4.7 1.6 -3.7

UAE 9.0 1.3 -8.8

Nigeria 1.1 0.9 -0.4

India 0.8 0.7 -0.1

China 1.4 (1905) 1.0 -0.5

Bangladesh 0.5 0.3 -0.2

Between 1980 and 2000 the average global footprint 
declined by ~0.5 ha per person

The total human footprint increased to 13.2 billion ha, 
increasing yearly by about 150 million ha

Useable ‘land’ is about 11.4 billion ha

Deficit = 1.8 billion ha….~0.3 ha per person

Assignment

Calculate your CO2 emissions (one tonne challenge 
calculator)

Calculate your ecological footprint

Report both these values to Andrew by February 17

There will be an exam question (to be assigned later) 
that makes use of these data.


