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ABSTRACT   This paper reports on an energy footprint case study of an environmental education facility 
located in Cork City, Ireland. The campus is based in three renovated 18th and 19th century industrial 
buildings. It has over 600 square meters of indoor space, and is heated using low carbon technologies. 
The quantification method applied is based on a ‘heat energy rating’ survey, energy bills, and records of 
visitor travel modes and origins. In addition to the actual heating technology in place, several other 
imagined scenarios are considered. Kilowatt-hour and CO2 results are normalised with per meter 
squared, and per visitor units. Five different footprint metrics for expressing ideas of ‘energy land’ are 
then applied. These are global ‘ocean’, ‘land’, and ‘forest’, as well as Irish ‘forest’ and ‘wood chip’ 
plantation. Footprints are plotted on aerial photographs with error estimates included and displayed to 
the public in the facility. Ideas of ‘hectare rent’ and ‘decisions factors’ are included to add a monetary 
dimension for decision makers, and as a basis for considering the idea of carbon ‘offsetting’. This case 
study highlights tensions between different responsibility judgements existing in this study, in Irish and 
European buildings energy policy, and as found in the idea of carbon offsetting.  
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Introduction 
 
The cork city council ‘sustainable city campus’, also known as the ‘lifetime lab’, is a 
centre for environmental education located in Cork City, Ireland. It is comprised of 
three heated buildings of a combined floor area of 664 meters squared, as well as one 
unheated building. The structures date from the eighteenth and nineteenth century, 
and previously functioned as the city’s water works, but were recently renovated for 
their new educational function. These renovations involved the installation of energy 
efficiency measures, including roof-lights, new insulation in walls roofs and floors, a 
geothermal and natural gas based heating system, and solar heat collectors. The 
geothermal pump requires an input of electricity, which is sourced from a renewable 
provider, including the use of a small run-of-river hydroelectric generator located in 
front of the facility.  
 
The paper is structured as follows: firstly heat energy consumption for the facility is 
estimated, then transport energy is addressed. Footprint conversion factors are then 
discussed, and heat energy footprint results are plotted on Arial photographs. A 
discussion of footprints as a basis for decision making and the idea of carbon 
‘offsetting’ are then approached.  
 

Heating Energy  
 
Estimates of CO2 emissions, and ‘carbon footprints’ require some measure of energy 
consumption. An energy rating exercise was carried out here using a ‘heat energy 
rating’ spreadsheet (CODEMA and DIT no date). This is a draft version of the excel 
based approach which is to be used in Ireland to meet the requirements of the EU 
‘energy performance of buildings directive’ (EU 2003)1. This ‘heat energy rating’ 
estimate relied on information taken from architect’s scale drawings (Jack Coughlan 
Associates, 2004), building material specifications, and a physical survey of the 
buildings. Results of this exercise are given in table 1 below. The solar gains are in 
addition to the heating requirements here. The large main building is the least energy 
efficient of the three requiring about 50% more energy per meter squared of space to 
heat it.   
 
 
 
 
 
 
 
 
 

                                                
1 It is worth noting that EU (2003) encourages that major renovations should be viewed as ‘an 
opportunity to take cost effective measures to enhance energy performance’ (ibidp66). The directive 
also states that a CO2 emissions calculation ‘may’ be included as part of the energy assessment 
(ibidp67).  
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Table 1: Estimated space heating requirements and solar heat gains 
 
 Space 

heating 
requirement 
in kilowatt 
hours per 
annum 

Passive 
solar 
gains 
 

Floor 
Space 

Space 
heating 
requirement 
in kilowatt 
hours per 
annum per 
m2 

Space 
heating 
requirement 
in kilowatt 
hours per 
visitor 

Main 
Building 
 

53,167 
 

8,207 364 146 No data 

Education 
Centre 
 

20,598 4,926 250 82 No data 

Office  4,847 1,930 
 

50 97 No data 

Total 79, 000 15, 000 664 12 5.7 
 
 
The results of the heat requirement estimates (table 1) were converted to CO2 
emissions (table 2) using two scenarios: For the actual ‘natural gas / geothermal / 
renewable electricity’ system in place the emissions are estimated to be 0.0586 kg 
CO2 per Kwh, which is based on a 90% gas burner efficiency, a 375% heat gain from 
the geothermal source, and a zero carbon electricity source. For a hypothetical coal 
based ‘worst-case’ scenario an emission of 0.449 kg CO2 per KWh is assumed, which 
is based on a 76% coal burner efficiency.    
 
Table 2: Estimated CO2 emissions 
 
  

kilograms 
per annum:  
 
 
natural gas 
and 
geothermal 

  
kilograms 
per annum 
per m2:  
 
natural gas 
and 
geothermal 

 
Kilogram’s 
per annum: 
 
 
Hypothetical 
Coal 
scenario 

 
kilograms 
per annum 
per m2 
 
Hypothetical 
Coal 
scenario  
 

Big 
building 
 

 
3,120 

 
8.6 

 
23, 900 

 
91 

Education 
centre 
 

 
1,210 

 
4.8 

 
9, 250 

 
37 

Office 
 

 
284 

 

 
5.7 

 
2,180 

 
44 

Total 
  

 
4, 610 

 
6.9 

 
35, 300 

 
53 
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The implementation of the energy performance of buildings directive is to be based 
on buildings surveys such as that reported on above. However actual CO2 emissions 
are most directly determined by fuel consumption rather than by building structure. 
Energy bills give consumption for the facility for 2005-2006 as 136,750KWh of 
Electricity and 19,693KWh of Gas. According to city council engineers (interview 
November 2006), there were ongoing technical difficulties with the geothermal heat 
pump, which was responsible for the very large electricity consumption.   
 
Consumption of Gas for heating is low, amounting to 3,900 kg of CO2 2, which is less 
than the estimated figure of 4, 610 kg from the heat energy rating exercise, but within 
the expected error range. If the estimated total heat demand of 80,000 KWh given in 
the energy rating exercise is correct, then this means that the geothermal gain 
achieved was 400%, which is consistent with the expected efficiency gain of 350 – 
400 %  
 
The electricity consumption can be mainly attributed to the geothermal pump3, and 
electricity consumption in 2005 – 2006 exceeded the predicted total heating 
requirements of the buildings, suggesting a negative energy efficiency for the 
geothermal system. The electricity used in the lifetime lab is sourced from a 
renewable electricity supplier and according to Howley (interview 2006) this is 
almost entirely non-carbon based, with just over 1% supplied by biomass. For this 
reason, it can be taken that this electricity has a carbon footprint of close to zero. This 
would mean that the lifetime lab has no significant electricity carbon footprint.  
 
While the idea that the electricity consumption of any particular customer can be 
attributed to a zero carbon source can be given by paying a bill to a particular 
electricity provider, the distribution network does not necessarily ‘know’ where the 
energy is sourced because there is only one electricity grid in operation. All sources 
are effectively mixed together as the energy is fed through a single system. Imagine 
for a moment then that the lifetime lab took responsibility for standard electricity CO2 
emissions4. Electricity emissions linked to the Lab would then be about 85 metric 
tonnes of CO2. This is much more than that of the hypothetical coal based ‘worse 
case scenario’ which has estimated heating emissions of about 35 metric tonnes.  
 
This highlights the importance of a single responsibility judgment in determining the 
outcome of the calculation, and it mirrors the discussion of carbon offsetting and 
trading, which are also based on a monetary transaction.  
 

Transport Energy 
 
Transport Co2 emissions were estimated from a sample of 313 signatures from a ‘sign 
in book’ left at the campus reception. Dates cover January to October 2006. This book 

                                                
2 0.1978 Kg per KWh 
3 Lighting and kitchen electricity consumption is not differentiated from the heat pumps in the Bills, so 
it is not known how much consumption can be attributed to these. The total heat supplied is also only 
estimated as 80, 000 KWh and in reality heat supplied might have been more, or less than this.  
4 0.624 kg per KWh in 2004, the most recent year for which a published intensity was available as of 
November 2006, Howley et al (2006) 
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solicited for information on name, address, and mode of transport used. The entries 
were categorised into travel modes labelled as car, bus, short-air, long-air, and 
walking. Return distances, as the crow flies, were estimated from each of the given 
address to the lifetime lab site. For each mode of transport a factor to give a figure for 
direct carbon emissions was used. Embodied energy was not considered. Three 
scenarios are reported below for the evaluation of emissions.  
 
Table 3: Factors used for deriving CO2 emissions from distance and mode data.  
 

Mode Scenario One 

 

Kilogram’s of 

CO2 per visitor 

Kilometre 

travelled  

Scenario Two 

 

Kilogram’s of 

CO2 per visitor 

Kilometre 

travelled 

Scenario Three 

 

Kilogram’s of 

CO2 per visitor 

Kilometre 

travelled 

Car 0.1 0.05 (if national) 

0.005 (if 

international) 

0 

Short air 0.15 0.015 0 

Long air 0.1 0.0025 0 

Bus 0.02 0.02 0 

Walking 0 0 0 

 

In scenario one, the lifetime lab visit is responsible for all estimated emissions 
involved in a return journey by the specified mode. Scenario two is based on the 
judgement that the lifetime lab visit can take responsibility for one half of the distance 
in car journeys and one 20th of the distance for international car/car-ferry journeys. 
This can be justified by assuming that the typical car journey had one other major 
purpose, e.g. shopping, and that this other purpose takes one half of the responsibility 
for emissions from the trip. The emission factor is then equal to half that used in 
scenario 1. The international car journey is taken to have 20 purposes of which the 
visit is one. With respect to air travel, the assumption taken here is that a short air trip 
would have 10 other functions/ activities, other than the visit to the lab, and that a 
long trip would have 40 other activities. The bus journeys are not recalculated, as in 
the case of the school trips which account for the majority of this category, the visit is 
known to be the sole purpose of travel from the school address. In scenario three the 
lifetime lab visit takes no responsibility for CO2 emissions by visitors. It is based on 
the assumption that the operation of the lab does not trigger any extra travel over the 
hypothetical situation where the lab did not exist. This might be justified by 
presuming that visitors would have been involved in another activity with similar 
emissions had the lab not existed. It might also be justified by assuming that the 
existence of the lifetime lab did indeed cause the trip to occur, but that all 
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responsibility for this lies with the visitor, or other parties, and is not the concern of 
the lab. No calculation is needed here as emissions are assumed to be zero. However 
this assumption would not seem to fit with the labs ethos of environmental concern.  
 
Results are discussed firstly for all signatures except for nine signatures that refer to 
visits by school groups. Table 4 below shows that car travel is the most popular mode 
of travel to the lifetime laboratory accounting for 261 signatures, which is 72% of the 
total. Car travel also accounts for the greatest emissions in scenario two, but not in 
scenario one. Long distance air travel accounts for the majority (78%) of all distance 
traveled and a correspondingly large proportion of emissions in scenario one. The use 
of the different responsibility judgments, results in dramatically different emissions 
results. Scenario two seems like a more reasonable reading as emissions in scenario 
one are largely determined by a small number of long journeys, which probably did 
not have the visit to the lab as a significant motivating factor behind the long journey: 
two return journeys, to Australia and South Africa, actually account for just under half 
of the total emissions for scenario one. Figure 1 below shows the numbers of cases 
originating at different distances.  
 
Table 4: Transport results 

Mode 

 

Number of 

cases 

 

Sum of 

return 

distances to 

Addresses 

Scenario one 

emissions in KG 

of CO2 

Scenario two 

emissions 

in KG of CO2 

Walk 

 

17 104 0 0 

Bus 15 800 16 

 

16 

Car 261 18, 200 1, 800 810 

Long 

Air 

6 86, 000 

 

8, 600 220 

Short 

Air 

5 4, 000 590 

 

59 

Total 304 110, 000 11, 000 1, 100 

Mean   36 3.6 
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Figure 1: Signature Count by Distances 
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Nine signatures omitted above referred to school excursions. The sum of these 
journeys is estimated here as 710 kilometers, with 550 kg of CO2 emissions5. It is not 
known how many students occupied these nine busses, but if it were 33 students per 
coach, then this is 1.8 kg of Co2 per visitor on average. This is about one twentieth of 
the per visitor emissions in scenario one, and about one half the average emissions in 
scenario 2 above.  
 
The sign in book figures can be used to give an estimate of annual trends. An estimate 
of 13, 700 visitors6 in 2006 implies 240 visitors per week. I assume here that school 
visits constitute half of all visitors and that each bus can carry 40 students. This gives 
120 visitors and three coaches per week. Co2 emissions are then given for scenario 
one as approximately 257 tonnes of Co2 
 
This estimate for annual emissions is likely to be unreliable because if the sample of 
global travelers is not representative, which is likely, then the estimate is flawed. The 
scenario two estimates are likely to be representative, as the results depend more 
widely on the sum of all motorised journeys. According to scenario two, yearly 
emissions are estimated as approximately 35 tonnes of Co2 
 

                                                
5 Assuming 0.78 kg of CO2 per kilometre 
6 This is the estimate given by the lifetime lab staff 



International Ecological Footprint Conference. Cardiff, 8th-10th May 2007 

It seems that transport emissions would account for an equivalent, or greater amount 
of emissions than that associated with the heating of the lab, and that responsibility 
judgments again have a large bearing on the results.  

 
Footprint Conversion factors 
 

CO2 emitted, as derived for the lifetime laboratory, were converted to footprint areas 
using the following factors: 
 
Table 5: Carbon conversion factors 
 
Area Referred to Tonnes C / Ha Yr Error Tonnes CO2 / Ha Yr 7 Error 

     

Global Average 

Ocean 

0.047 +/- 

0.014 

0.17 +/- 

0.05 

     

Global Average Land 0.094 +/- 

0.047 

0.34 +/- 

0.17 

     

Global Average 

Forest 

1.0 +/- 

0.30   

3.7 +/- 1.1 

     

Irish Average Forest 3.36 +/- 

1 

 

12.3 +/- 

4 

     

 

Ocean footprints and Over shoot 
 
The idea of an ocean footprint may appear as a novelty here. Monfreda et al (2004) 
put the ocean outside of their conception of responsibility for atmospheric CO2 
accumulation, as Ocean CO2 fluxes are subtracted from and external to the idea of 
‘energy land’ and global ‘biocapacity’. This mirrors, perhaps, a lower sense of 
territoriality over wide stretches of open ocean in comparison with land and offshore 
fisheries areas. Looking at IPCC reported emissions and land/sea uptakes along with 
the idea of ‘energy land’, means that approximately just under 2 extra global oceans, 
or just over two global land areas, could hypothetically be imagined as representing 

                                                
7 Factors are initially reported for units of Carbon. This must be converted to CO2 before they are 
applied to the emission figures. CO2 has a molecular mass of 44, while C has an atomic mass of 12. 
Therefore the C figure is multiplied by 3.667 to arrive at the mass of CO2 per hectare. 
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CO2 overshoot during the 1990s. But just one extra global ‘planet’ (land and ocean) 
could be imagined to represent atmospheric carbon accumulation. It is clear then that 
the subtracting of the oceans from the idea of ‘energy land’ involves a doubling of the 
number of ‘phantom planets’ representing ‘overshoot’. The ‘planet’ is taken as a unit 
of overshoot by Wackernagel and Rees’ (1996:p15) and by the most popular online 
calculator (www.ecofoot.org).  
 
The idea of a factor for energy land based on ‘global average ocean’ or on ‘global 
average land’ has not been used in an ecological footprint publication before, and it is 
explained as follows: According to the Philip’s world atlas (2002:xiv), water covers 
an area of about 360 million square kilometres, and land covers just under 150 million 
square kilometres. Different areas of land and ocean act as sinks and as sources of 
CO2 to the atmosphere, but the net effect is the uptake of carbon. The IPCC 
(2001p190) report a net ocean uptake of Carbon as 1.7 +/- 0.5 Pgrame of Carbon per 
year, and they (ibid)  give land based uptake or ‘net biome production’ as 1.4 +/- 0.7 
Pgramme of Carbon per Year. These are significant figures together approaching one 
half of the estimated anthropogenic emissions of 6.3 +/- 0.4 Pgrame of Carbon (ibid). 
Kitzes and Wermer (2006) account for ocean uptake by subtracting it from their 
estimates of energy land, and they express the remainder in terms of global average 
forest. Forest is the most intensely, but not the only, carbon absorbing land area. In 
contrast the approach here is to imagine what areas of generic ‘global average oceans’ 
and generic ‘global land’ could, hypothetically, correspond to all of the emissions 
from the lifetime laboratory. To do this it is necessary to combine the IPCC factors 
with the global area figures to give a per hectare net carbon uptake. The factor for 
ocean is given as follows:  
 
Ocean uptake is, on average, 1.7 * 1015 grams of Carbon per Year per 360, 000, 000 
square kilometers. This is 4.722 * 106 grams per kilometre squared. One tonne is 106 
grammes, and one kilometre squared is one hundred hectares, so ocean uptake is 
therefore, on average, 0.047 tonnes per hectare. Taking the same error factor as in the 
original IPCC figure gives +/- 0.014 tonnes per hectare.  
 
The land uptake is derived in a similar fashion: Land based carbon uptake is 1.4 * 
1015 grams of Carbon per Year per 149, 450, 000 square kilometers. This is 9.368 * 
106 grams per kilometre squared. So land uptake is therefore, on average, 0.094 
tonnes per hectare. Taking the same error factor as in the original IPCC figure gives 
+/- 0.047 tonnes per hectare.  
 
The reader is referred to Kitzes and Wermer (2006) for the derivation of the global 
average forest figure and the associated error factor. Coford (1999) reports the 
average Irish figure, but does not give an error estimate. It is taken here to be plus or 
minus one third, which is probably an overestimation of the error. It should be noted 
that C uptake figures are subject to change over time as increasing forest maturity is 
linked to decreasing carbon uptake. IPCC figures used refer to averages for the 
1990’s. The Coford estimate is for 1999, while Kitzes and Wermer (2006) appear to 
base their calculations on the same IPCC sources as used here. These are the most up 
to date figures available at present. The application of the older estimates to 2006 
emission figures here is assumed to bring no additional significant error.  
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Willow Footprints 
 

A willow footprint can be estimated by imagining the area of willow plantation that 
could provide wood chip fuel for heating. To do this it is necessary to use figures for 
the yield of fuel per hectare and the energy content of the fuel. It is also necessary to 
consider some substitution scenario, including the efficiency of the stove used to burn 
the wood chips. Based on information from ‘clear power’ (email correspondence, 
Druhan 2005), an online database for the calorific values of bio fuels 
(http://www.vt.tuwien.ac.at/Biobib/fuel303.html accessed June 2005), and yields of 
willow reported by the  UK Forestry commission 
(http://www.forestry.gov.uk/srcsite/infd-5l3cjs#zone6willow accessed June 2005)  
A willow yield of 150, 000 MJ per hectare is assumed as a reasonable estimate for 
Irish willow plantations.  
 
The substitution of natural gas is the imagined scenario, and a similar efficiency to a 
Gas burner is assumed, (which can be justified by looking to advertised wood pellet 
stove efficiencies e.g. www.calimax.at (accessed November 2006).  
 

Footprint Results 
 
Application of the heat energy rating estimates to the CO2 and footprint conversion 
factors gives footprint values for the lifetime lab in terms of the two CO2 emissions 
scenarios, and the four types of footprint space metrics. Each footprint is that which 
corresponds to a 100% absorption of the emissions. Results are shown in tables 6 - 11 
correct to two decimal places. A fixed proportionality operates between the four 
categories of footprint space, based on the CO2 uptake factors used.  The 
proportionality between the different scenarios and the different buildings within each 
scenario are also fixed. For the actual consumption from fuel bills it can be assumed 
that no added significant error in addition to the error of the footprint conversion 
factor is present. In the other two cases there will be an additional error linked to 
uncertainty in the HER estimate. This error is not included here, so the degree of 
precision presented in the results is likely to be optimistic.   
 

A particular goal of this work was to display the footprint results in a graphic manner. 
Arial photographs were used to do this: 
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Figure 2: Natural Gas Footprints based on actual consumption for 2005 – 2006, as 

shown in table 6: 

 

 

Figure 2 above shows an aerial photograph of the lee road site. The scale is given on 
the bottom left hand corner. The floor areas of the buildings are highlighted by the 
small red boxes in the centre. The ‘global average ocean’ footprint is shown by the 
large red square. The bars protruding from the square represent the difference in the 
length of the square sides that correspond to the error. The ‘global average land’ 
footprint is shown by the white square. The ‘global average forest’ footprint is shown 
by the brown square. The ‘Irish willow’ footprint is shown by the black square, and 
the ‘Irish average forest’ is shown by the blue square, no errors bars are given here as 
they are too small to represent on the image. These footprints are based on the actual 
natural gas consumption 2005 – 2006. 
 
Figure 2 illustrates how the choice of footprint metric results in very different area 
magnitudes. It is important to imagine what each metric represents. The blue and 
black squares are the only areas that offer the possibility of linkage to a local land use 
of forestry or willow wood chip plantation. The willow footprint is larger than the 
Co2 sequestration footprint which suggests that changing from natural gas to willow 
fuel would not have any environmental benefit over a combination of natural gas and 
Irish CO2 ‘offsetting’ forestry plantation. However the footprint result is not the only 
factor for making such a choice as there would be more complex issues in play other 
than simple area magnitude8. Both areas are of a comparable size in any case, and 

                                                
8 Willow coppicing and other forestry activities are likely to have different land quality requirements. 
Timescales for willow wood chip fuel might also be longer than those available for forestry 
sequestration, in the sense that once a forest has matured it can no longer sequester CO2, whereas a 
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they are sufficiently small that the lab might conceivably cater for its energy needs 
using an area comparable in size to the lab’s own site. However in the case where 
fossil CO2 is emitted emissions from the lab can be taken to rely on more global 
spaces. The actual carbon footprint areas of the lab are more easily linked then to 
carbon flows associated with the larger, more spatio-temporally distant, and more 
uncertain, areas of the larger three squares.  
 
The red, white, and brown squares in figure 2 show the areas of global ocean, land 
and forest that each could independently absorb all CO2 emissions from the lab. 
Carbon uptake by global oceans and forests can actually be imagined to currently 
absorb about one half of the carbon that is emitted from fossil fuels burned (as per 
IPPCC 2001). The half that is not absorbed being understood to build up in the 
atmosphere. The inclusion of all, rather than just half of the carbon emitted in the 
calculation can be interpreted as a portrayal of a current footprint, as well as a future 
footprint. If it is to be understood that the carbon cycle is to find equilibrium in the 
future, then future emission space is compromised by current emissions, and future 
space is therefore occupied by today’s activities. Half of the portrayed areas thus 
correspond to an impact on the future.  
 
For most people in Ireland, global carbon cycles, climate change, and opportunities 
foregone by distant others due to the lack of carbon absorbing space, are not apparent 
concerns. Such questions are not easily linked to the local and daily visible landscapes 
of life. Figure 2, however shows something of the scale of this global conundrum for 
the lifetime lab in terms of imaginable areas. The purpose of the footprint exercise 
here is primarily to provide ‘food for thought’, as if it were a mere question of 
environmental performance evaluation, then a straightforward measure of CO2 
emissions would be easier.   
 
The discussion above does not lead to any enlightening conclusion as to what level of 
emission is ‘sustainable’ for the laboratory. Some basis is needed to determine what 
level of emissions might be recommended. A typical ‘footprint’ approach would be to 
compare the footprints with the available space, based on a per capita metric, and an 
explicit, or implicit judgment that the available space should be divided equally 
amongst the population. This is based on ideas of fairness and end consumer 
responsibility. This is not particularly useful to the lab however, as the choice of 
giving responsibility to the consumer might easily be argued against as the visitor has 
not had any role to play in determining the emissions of the laboratory. Environmental 
performance evaluation is more traditionally based on producer rather than consumer 
responsibility, and ISO standards (ISO 1996, 1999) suggest the identification of 
environmental impacts followed by efforts to reduce same on behalf of the producer. 
There is no reference to any issue of per capita equity here. Similarly the European 
‘energy performance of buildings directive’ (EU 2003) is set to lead to the general 
adoption of Kwh per m2 and kg of Co2 per m2 units for reporting energy 
performance of built space in Ireland in the near future, an approach that fits more 
easily with the ISO style of responsibility and which avoids per capita measures or 
equity issues.   
 

                                                                                                                                       
wood chip plantation might allow for a longer term rotation of coppicing cycles with other productive 
uses 
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The single largest driving force behind increasing energy consumption in the 
residential sector is the emergence increasingly smaller households facilitated by 
increased numbers of houses. Per area efficiency gains will not lead to any net 
efficiency increase if built space expands more rapidly than energy intensity can 
contract. The scale of this effect in the republic of Ireland can be seen in CSO stastics 
where average per house occupancy has fallen from 4.48 in 1926 to 2.94 in 2002. This 
is further aggravated where newer houses are larger than the existing stock. The 
breakneck pace of current expansion of housing space can be appreciated from CSO 
statistics on floor space given planning permission by year, which was just shy of 20 
million square meters in 2005 alone.   
 
The ecological footprint approach generally brings consumption back to units of area 
per person, and this would suggest that building energy might be best expressed in 
terms of consumption per measure of human ocupancy. Units of CO2 emitted, or 
Kwh consumed per occupant, or per bed/bedroom, would paint a very different 
picture than the current tendency towards expressing energy unit per M2. For non 
residential buildings this would involve a unit of output or occupancy, such as 
‘Patient-days’ in the case of a hospital for example.  
 
The most suitable approach for the lab, could rely on a combination of the most useful 
points from both per building and per M2, as done in this report.  An added basis for 
reporting is given then by using a per human unit of occupancy such as per visitor as 
an alternative normalization unit for consumption. Ultimately, this approach would 
have most meaning. The heating of a building is for the purpose of human occupancy 
and comfort, and an unoccupied heat ‘efficient’ building, is ultimately not heat 
efficient at all.  
 
The problem of responsibility for electricity consumption is addressed in Figure 3 
below. This shows the results of the global ocean footprint for three scenarios. The 
smaller blue square shows the area corresponding to estimated natural gas emissions 
from the HER exercise. The white square shows the hypothetical coal heating global 
ocean footprint, which might result if the facility were to rely on coal for heating. The 
red square shows the global ocean footprint that would result if  the actual electricity 
consumption for 2005 – 2006 were considered to have the CO2 intensity of standard 
2004 Electricity.   
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Figure 3: Global Ocean Footprint for three scenarios 
 

 
 

This illustrates the impact of the decision of whether or not the electricity 
consumption by the lab is understood to be zero carbon or not. If the purchasing of 
green, zero carbon electricity by the lab is understood to have a causative link to the 
generation of more zero carbon electricity (through the setting up of more generators), 
then the idea of a claim to zero carbon electricity seems reasonable. However if the 
amount of zero carbon electricity generated is unrelated to payment by the lab, i.e. no 
extra generators were purchased as a result of the labs custom, and the electricity 
would have been sold instead to a standard electricity customer at a similar rate 
anyway, then the claim to zero carbon electricity seems more tenuous. In this case, the 
image highlights electricity consumption as the singular environmental impact of the 
facility in 2005 – 2006.     
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Table 6: Footprint results based on actual Natural gas bills  
 
 Global 

Average 
Ocean  

Global 
Average 
Land  

Global 
Average 
Forest  

Irish 
Average 
Forest 

Irish 
willow 
area 

Hectares 
  
 
 

 
23 

 
11 

 
1.1 

 
0.32 

 
0.47 

 
Likely Error 
(Hectares) 

 
 

+/- 7 
 
 

 
 

+/- 6 

 
 
+/- 0.3 

 
 

+/- 0.1 

 
 

Error not 
estimated 

Meter squared per 
meter squared of 
floor space 

 
350 

 
170 

 
16 

 
4.8 

 

 
7.3 

Meter squared per 
visitor 

 
17 

 
8.4 

 
0.77 

 
0.23 

 
0.34 

 

 

Table 7: Footprint results based on electricity bill, imagined as standard 2004 
Electricity  
 
 Global 

Average 
Ocean  

Global 
Average 
Land  

Global 
Average 
Forest  

Irish 
Average 
Forest 

Irish 
willow 
area 

 
Hectares 

 
500 

 

 
250 

 

 
23 

 

 
6.9 

 

 
8.0 

 
Likely Error 

 
+/- 150 

 
 

 
+/- 130 

 

 
+/- 7 

 
 

 
+/- 2.1 

 
 

 
Not 

estimated 

Meter squared per 
meter squared of 
floor space 

 
7, 600 

 
3, 800 

 
350 

 
100 

 
120 

Meter squared per 
visitor 

 
370 

 
180 

 
17 

 
5.1 

 
5.8 
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Table 8: footprint results based on the hypothetical coal scenario, and the HER 
estimates 
 
 Global 

Average 
Ocean 
Hectares 
 

Global 
Average 
Land 
Hectares 

Global 
Average 
Forest  

Irish 
Average 
Forest 

Big building 
 

140 
 

+/- 40 
 

70 
 

+/- 35 
 

6.5 
 

+/- 2 
 

1.9 
 

+/- 0.6 
 

Education centre 
 

54 
 

+/- 16 
 

27 
 

+/- 14 
 

2.5 
 

+/-0.8 
 

0.75 
 

+/- 0.22 
 

Office 
 

13 
 

+/- 4 
 

6 
 

+/- 3 
 

0.59 
 

+/- 0.18 
 

0.18 
 

+/- 0.05 
 

Total 
  

210 
 

+/- 60 
 

100 
 

+/- 50 
 

9.5 
 

+/- 2.9 
 

2.9 
 

+/- 0.9 
 

 
 
 
Table 9: Results with normalization units based on the hypothetical coal scenario, and 
the HER estimates,  
 
 Global 

Average 
Ocean 
Hectares 

Global 
Average 
Land 
Hectares 

Global 
Average 
Forest  

Irish 
Average 
Forest 

 
Big building  
(m2 per m2) 
 

 
5, 300 

 
2,700 

 
240 

 
74 

 
 
Education centre 
(m2 per m2) 
 
 

 
2,200 

 
1,100 

 
100 

 
30 

 
 
Office 
(m2 per m2) 
 
 

 
2,600 

 
1,300 

 
120 

 
35 

 
 
Total 
(m2 per m2) 
 
  

 
3,100 

 
1,600 

 
140 

 
43 

 
 
Total per visitor 
(m2) 

150 
 

76 
 

7.0 
 

2.1 
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Table 10: footprint results based on the actual natural gas and geothermal scenario 
and HER estimates 
 
 Global 

Average 
Ocean 
Hectares 

Global 
Average 
Land 
Hectares 

Global 
Average 
Forest  

Irish 
Average 
Forest 

Big building 
 

18 
 

+/- 5 
 

9.2 
 

+/- 4.6 
 

0.84 
 

+/- 0.25 
 

0.25 
 

+/- 0.07 
 

Education centre 
 

7.1 
 

+/- 2.1 
 

3.6 
 

+/- 1.8 
 

0.33 
 

+/- 0.1 
 

0.098 
 

+/-0.029 
 

Office 
 

1.7 
 

+/- 0.5 
 

0.84 
 

+/- 0.42 
 

0.077 
 

+/- 0.023 
 

0.023 
 

+/- 0.007 
 

Total 
  

27 
 

+/- 8 
 

14 
 

+/- 7 
 

1.2 
 

+/- 0.4 
 

0.37 
 

+/- 0.11 
 

 
 
 
Table 11: footprint results with normalisation units, based on the actual natural gas 
and geothermal scenario and HER estimates 
 
 Global 

Average 
Ocean 
Hectares 

Global 
Average 
Land 
Hectares 

Global 
Average 
Forest  

Irish 
Average 
Forest 

 
Big building  
(m2 per m2) 

700 
 

350 
 

32 
 

10 
 

 
Education centre 
(m2 per m2) 280 

 
140 

 
13 

 
3.9 

 
 
Office 
(m2 per m2) 
 

330 
 

170 
 

15 
 

4.6 
 

 
Total 
(m2 per m2) 
  

410 
 

200 
 

19 
 

5.6 
 

 
Total per visitor 
(m2) 20 

 
10 

 
0.91 

 
0.27 
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‘Decision factors’ and hectare rents 
 
Having completed the footprint exercise it was thought appropriate to ask how the 
results might influence the choice of heating technology. The exercise has highlighted 
a possible flaw in the geothermal system, and if this were to be abandoned it might be 
interesting to see what other fuel might be used. The idea of carbon offsetting is also 
current, and the lab might want to engage in this practice. The idea of a ‘decision 
factor’ and ‘hectare rents’ are used here to combine a footprint with monetary 
measures. To introduce the idea, consider a consumer who, when given a choice 

between two consumption options, i and v, will chose the option that gives the most 
value for money: the most ‘good’ per euro. Alternatively another consumer might 
want to minimise the ecological footprint of consumption. Presume then that our 
consumers will receive an equal amount of final ‘good’ regardless of choice between 

options i and v, but that the options entail different expenditures and footprints of 
consumption. This might approximate two alternative heating scenarios, both of 
which are equally capable of providing heat, but which rely on different fuels with 
different footprints. The table below suggests ‘decisions factors’ based on the 

expenditure ‘e’, and the footprint ‘a’. These are used to represent the outlook of the 
consumer in choosing between the options. In each case the consumer will choose the 
option for which the decision factor is lowest. For example, an ‘economic man’ will 

choose option i over v where ei <  ev.   
 
Table 12: decision factors 

Outlook Decision 

factor 

 

I am only concerned by minimising my 
expenditure 
 

e 

I am only interested in minimising my 
footprint 
 

a 

I am concerned with minimising my 
expenditure and my footprint 
 

e* a 

I am mostly concerned with minimising 
my expenditure, but I am also concerned 
by my footprint to a lesser extent 
 

e* a1/2 

I am mostly concerned with minimising 
my footprint, but I am also concerned by 
my expenditure to a lesser extent 
 

e1/2* a 
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The expenditure figures are dependant on the price of the fuel, the quantity needed, 
and the assumptions taken in deciding on how wide to cast the net of costs. The 
footprint figures will also be dependant on the quantity of fuel needed, as well as the 
assumptions taken in determining the yields to be used, including deciding on how 
responsibility should be assigned for emissions. A sample application of the above 
ideas is reported on below. The appendix contains a description of the calculation 
used. For Co2 emissions it should be noted that a footprint in global average forest is 
used for emissions that are not offset, for forestry offsets a UK average forest is used, 
and for ‘futures’ offsets the footprint is calculated as if the energy had been provided 
by wind energy. The idea of some form of carbon trading or carbon offset for the 
business is based on the idea of availing of the offset prices offered by 
www.carbonneutral.com .  
 
The idea of a hectare rent is also mentioned below, this is the amount of expenditure 
corresponding to a footprint of one hectare year. The hectare rent relates to 
expenditure in the same way that area yield relates to mass consumption, and can be 
imagined as a monetary yield. It is important to note that it is a consumer rent, and not 
a producer rent that is described here. i.e. it refers to consumer expenditure, and not to 
producer profit. The basis of the calculation of rents and decision factors is described 
in the appendix results are given below in figures 4 - 9:  
 

Results 
 
 
Figure 4 

footprint for fuels in three offsetting scenarios
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International Ecological Footprint Conference. Cardiff, 8th-10th May 2007 

Figure 5 

expenditure for fuels in three ofsetting scenarios
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Figure 6 

e*a for fuels in three offsetting scenarios
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Figure 7 

consumer annual hectare rent for fuels in three sce narios
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Figure 8 

e * sqrt a for fuels in three offsetting scenarios
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Figure 9 

sqrt e * a for fuels in three offsetting scenarios
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Figures 4 and 5 show the footprint and expenditure results respectively. Note that coal 
is by far the cheapest heating option in all three scenarios, the next cheapest being 
wood fuels. Natural gas, LPG, and oil have a medium price, while electricity is most 
expensive. The cost of carbon offsets is much lower than the cost of expenditure, so 
the addition of offset costs does not have a very noticeable effect on expenditure here. 
The exception is in the case of coal where the offset costs are almost half the direct 
fuel expenditure cost. Offset costs are zero for wood chips and airtricity, as no 
embodied energy is considered here so they disappear from offset sections of the 
graphs.  
 
Notice in figure 4 that the footprint of forestry offsetting differs for the various fuels. 
This is because they have different CO2 intensities. Forestry offsetting here reduces 
the footprint of liquid and gas fuel below the footprint of wood fuels. This is not the 
case for coal and electricity due to their high Co2 content. Due to the assumption used 
here, futures offsetting reduces all footprints to the footprint of wind energy. This is a 
massive reduction in responsibility for CO2 emissions bought at low monetary cost.    
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Looking at figure 6 we see that if a consumer wants to minimise the product of 
footprint and expenditure, then according to this calculation, they will opt for coal 
fuel combined with ‘futures offsetting’. The reason is that in this scenario the 
consumer basically pays for coal, the dirtiest fuel, and claims responsibility for wind 
energy, the cleanest fuel. Here the futures offsetting scenario actually makes all fossil 
fuels more attractive than airtricity because the consumer pays the lower price for 
fossil fuels, yet claims responsibility for renewable energies. Wood fuels are also 
disadvantaged here, because although they are cheaper than most fossil fuels, they 
have a larger land requirement than wind energy.  
 
In the case of forestry offsetting, also figure 6, we see that the change in the decision 
factors is not quite as dramatic. Here coal is the most attractive option, due to its low 
price, but other fossil fuels are not favoured over wind energy or wood fuels. 
Meanwhile electricity is unattractive due to its high price and high footprint. But note 
that the decision factor for electricity in the forestry scenario is comparable to that of 
natural gas in the no offsetting scenario.  
 
These graphs highlight a paradox in the idea of ‘offsetting’ carbon, especially in the 
case of ‘futures’ offsetting. By offering a low monetary price for avoiding 
responsibility for emissions the futures offset scheme actually seems to make local 
renewable technologies in an affluent region seem less attractive from an economic 
perspective and from a combined environmental-economic perspective as represented 
by the decision factors. This is because the carbon reductions are bought cheaply by 
accounting for the offset in the periphery of ‘the future’ and the global south. Trading 
of responsibility for the footprint of energy is facilitated here by a sharp difference in 
the economic value put upon factors of production located in the core and the now, 
and those located in the future and in peripheral regions. The result is that ‘the 
environment’ is still purchased and imported to the core and the now.  
 
The effect of offsetting is also illustrated by figure 7 which considers the ‘hectare 
rent’ which is that amount of expenditure corresponding with a footprint of one 
hectare year. The decision of engaging in ‘offsetting’ can be read here to lead to a 
large increase in this consumer hectare rent, basically we now can spend money on 
fossil fuels, but without ‘occupying’ very much footprint land.   
 
Looking to figure 8, we see that even when the square root of the footprint is used in 
the decision factor, the relative orders are not changed very much. The same goes for 
figure 9. This means that the suggested variation in the attitudes of the consumer as 
represented by the decision factors does not lead to any obvious change in decision. 
Buying the cheapest dirtiest fuel and claiming responsibility for the cleanest, is 
always the best option. This is not to say that carbon trading actually results in 
increased consumption of coal, the calculation simply illustrates how the considered 
expenditures, footprints, rents, and decision factors postulated here are influenced by 
the offsets. Looking to the carbon neutral website dispels a cynical reading on some 
fronts, but other examples do illustrate the concerns made above. 
 
Avis, for example, who have used the carbon neutral approach to offset emissions 
state that ‘We offset those emissions which we cannot avoid’ (www.avis-
europe.com). The company also reports the purchase of some hybrid biofuel powered 
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vehicles which supports the claim of moves towards avoiding emissions. Presumably 
however, the offset scheme is more economical that a complete switch to low Co2 
transport.  
 
The carbon neutral website offers to offset emissions from air-travel. Affluent modern 
travellers might be in a position to offset vehicle emissions by claiming responsibility 
for low carbon technologies in developing regions, however, relatively impoverished 
inhabitants of these regions will not be in a position to offset their emissions by 
paying affluent travellers to reduce mobility. The offset is clearly a directional 
relationship based on modern ‘free’ trade, which points towards a slightly less unfair 
world, rather than to an actually fair world. Of course money is transferred through 
the scheme to the economically underprivileged, but the resources claimed, even if 
they are somewhat imaginary ‘tonnes of carbon offset’, are bought at a bargain price.   
 
Figure 10: Let them eat carbon offsets: Wood cookers in Eritrea offset emissions from transcontinental 
flights.…  
 

   

 

Some forestry offsets also have hanging questions. Carbon neutral (ibid) write of a 
park in Mozambique, for which carbon credits are claimed, stating that:  
 
After nearly 20 years of civil war, the untamed area of natural beauty that is Gorongosa is 
under threat from the unprecedented number of refugees now living in the park. Logging for 
charcoal and the unregulated hunting of wildlife as a source of food has led to disastrous 
consequences for the environment. 
 
Here we see that ‘refugees’ are portrayed as invaders of the park, and the role of 
carbon neutral investment is to create a ‘buffer zone’ (ibid), presumably to prevent the 
refugees from accessing the forest so as to participate in ‘disastrous’ hunting.  The 
rights of the refugees to hunt or to harvest timber is not addressed. And the rights of 
the distant consumer to claim credits for protecting the forest and its CO2 absorbing 
capacity is apparently not a problem. In the case of a plantation in Bhutan (ibid) The 
plantation seems to occur in a vacuum: the previous landscape is described as ‘bare’ 
and ‘in need of environmental development’. The forest offers many benefits, 
whereas previous or alternative functions of the land are not mentioned. The forest 
offers employment, wood fuel, and fruits for locals, and it supports biodiversity, as 
well as absorbing carbon. A long time scale is taken, with carbon credits projected on 
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a 100 year time scale for all the forestry projects mentioned. It seems optimistic to 
assume that views of land functions will remain consistent with the idea of carbon 
neutral offsets for one hundred years, and it appears that future functions of the land 
as carbon sinks are being sold today. It is interesting that, in January 2007, there was 
no availability of forestry carbon offsets for purchase from carbon neutral as all 
credits were sold out at that time. This may highlights both the popularity of the 
schemes, and the scarcity of the ‘cake’. 
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 Appendix: Calculation of ‘Decision Factors’ 
 
Input: 
 
‘unit’  (tonnes, litres, kwh, etc.), ‘price per unit’  (euro per unit of fuel consumed): 
Taken from SEI (2006). As SEI do not report a price for green electricity, prices are 
taken from www.airtricity.com. Jan 2007. This is a per unit charge of 15.35 cents.  

 
‘other cost’ (euro) Standing charges and levies for gas and electricity are suggested 
by SEI 2006, but not reported. For electricity, an annual standing charge of euro 
112.32 + 13.5% = 127.48 as well as a PSO levy of euro 12*(2.55+ 13.5%) = 34.73 
Total is euro 162.21. Charges as per www.esb.ie. Jan 2007 these same charges are 
used for airtricity. For gas a standing charge of euro 12*(13.47 + 13.5%) = 183.46 is 
added to the per unit charge reported by SEI (ibid). As per 
www.bordgaisenergysupply.ie Jan 2007. No other costs are included for any other 
fuel, this means that any difference in installation, delivery, capital, or upkeep costs 
are neglected.  

 
‘gross calorific value’ (kilowatt-hours per unit of fuel) These are taken as reported in 
Howley et al (2006).  
 
‘efficiency factor’  (kilowatt-hours supplied as heat per kilowatt-hours of fuel) 
consumed) As per SEI (2006). Where a range is given the mid point is taken.  
 
‘carbon intensity’ (kilograms of CO2 per KWH of fuel) as reported in Howley et al 
(2006). Lifecycle emissions are not contained in these figures, only direct carbon 
contained in the fuel. In the case of electricity this includes all emissions from fuel 
burning at power plants in Ireland.   
 
‘global carbon sequestration yield’ (tonnes of CO2 per hectare) CO2 emitted, and 
not ‘offset’, is considered to have a footprint in global forest with a conversion factor 
given by Kitzes and Wermer (2006) of 3.7 +/- 1.1 tonnes of CO2 per hectare per year.  
 
‘wood fuel yield’ (kilowatt-hour of woodchips per hectare)  
Woodchips are presumed to have Irish yields, although in practice the wood might 
actually be imported in some cases. This is a yield of 41, 670 Kwh per hectare for 
willow, as considered earlier. 
 
‘airtricity yield’ (kilowatt-hour of airtricity per hectare) This is understood to be 
100% wind generated energy, According to Gagnon et al (2002) wind generators in 
the north-eastern united states have a typical direct land requirement of 72 Km2 per 
TWH which is 7.2 * 10-6 ha per Kwh, or 139, 000 kwh per hectare per year. In the 
absence of Irish figures, this is taken to represent the footprint of wind energy in 
Ireland. As with the other fuels, embodied Carbon emissions are not considered. 
 
‘Price of forestry offsets’ (euro per tonne)   
This price is taken from carbonneutral.com Jan 2007. Here the price for offsetting 0.7 
tonnes of carbon through forestry is quoted as 5.18 pounds sterling. This is £7.4 per 
tonne of Co2. At 1.52 euro per sterling, this is Euro 11.25 per tonne of Co2. 
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‘Price of futures offsets’ (euro per tonne) 
Price quoted as per previous note: 6.52 pounds sterling per 0.7 tonnes, which is 
£9.325 per tonne of CO2 which is euro 14.17 per tonne.  
  
‘Uk forestry sequestration yield’ (tonnes of CO2 per hectare per annum) 
The area occupied for carbon neutral forestry offsets is presumed to be located in the 
UK and to have the average sequestration rate per hectare of British forests. This rate 
is reported by the Uk forestry commission (2003:73) as 3.8 tonnes of Carbon per 
hectare per year, this is 13.9 tonnes of CO2 per hectare per year. A figure of 14 is 
used here.  
 
Note on ‘futures’ footprint calculation: 
For ‘futures’ carbon offsetting it is imagined that 100, 000 kwh of wind power is 
generated due to the investment in the ‘offset’ so the ‘airtricity yield’ is then used 
 
 
Output: 
 
Calculation      Units 
 
‘emissions per annum’    tonne per annum 
=  
100, 000 / 1,000      kwh per annum / kg per tonne  
*  
carbon intensity     kilograms of CO2 per Kwh   
/  
efficiency factor      
 
 
‘expenditure’     euro per annum 
= 
 
(100, 0000 price per unit   kwh per annum* euro per unit 
/  
gross calorific value * efficiency)   kwh per unit 
+  
other cost     euro 
 
‘footprint of emissions’9   hectare of global forest 
= 
emissions per annum    tonnes per annum 
/ 
global carbon sequestration yield  tonnes per hectare per annum 
 
 
‘actual land footprint’ 10    hectares 
                                                
9 For fossil fuel 
 
10 For wood fuel and artircity 
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= 
 
100, 000     kwh per annum 
/ 
(gross calorific value    kwh per unit 
* 
Efficiency factor       
* 
wood fuel yield or airtricity yield)  unit per hectare per annum 
 
   
  
‘offset cost for forestry’    euro  
=  
Price of forestry offsets    euro per tonne 
* 
emissions     tonnes of CO2 
 
‘offset cost for futures'    euro  
=  
Price of futures offsets    euro per tonne 
*  
emissions      tonnes of CO2 
 
‘offset footprint for forestry’   hectares  
=  
emissions      tonnes of CO2 per annum 
/  
Uk forestry sequestration yield tonnes of CO2 per hectare per annum 
 
‘offset footprint for futures’   hectares 
= 
100, 000 / Airtricity yield   kwh / kwh per hectare 
 
‘rent - no offsetting’    euro per hectare 
= 
expenditure     euro 
/ 
(footprint of emissions 
or actual land footprint)   hectare 
 
‘rent - forestry offset’   euro per hectare 
= 
(expenditure 
+ 
carbon neutral offset cost for forestry) euro 
/ 
carbon neutral offset footprint for forestry hectare 
 
rent - futures offset    euro per hectare 
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(expenditure 
+ 
carbon neutral offset cost for futures)  euro 
/ 
carbon neutral offset footprint for futures hectare 
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