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SUMMARY 
 

What we often see on screen when we look up data is a set of end figures. Hiding behind the numbers in 
environmental databases are decisions taken by the researcher that may significantly affect the results. 
For the user of environmental information databases it is often difficult, if not impossible, to discover what 
these decisions are. Because of the newness of environmental research, many of these decisions, that 
may be philosophical or political in nature, do not have well-established precedents. For the researcher 
and builder of the database, how is it practical to convey the decisions, protocols and conventions 
employed to the next user of the information? This paper gives examples of anomalies in embodied 
energy and embodied CO2 research and argues for consistency. 
 
 
INTRODUCTION 
 
When we do anything we use energy to do it. At the same time we have some sort of impact on the 
environment. The more we do, the more energy we use, the greater the impact. Knowing how much 
energy is embodied in a product is therefore an approximation of the environmental impact it has. This 
simple logic has been used to validate the use of embodied energy data as an environmental indicator. But 
how much faith should we put in the figures? Because there has been a dearth of other quantifiable 
environmental information to compare disparate products, embodied energy figures have been used in the 
knowledge that there was little alternative. This is a reasonable rationale, but it inclines the end user to 
take at face value the veracity of the information: the ‘if it has been published, it must be true’ attitude. 
Given that there has been considerable, even huge, discrepancy between published embodied energy 
figures for similar products (Alcorn and Haslam, 1996), and given changes and development in research 
methods, caution would be well advised. Unfortunately, caution rarely takes the form of checking the 
assumptions and rationales behind the methodological choices made by the researcher. Indeed, these 
assumptions, rationales, and conventions are rarely explained or even referred to in results. Given that 
large differences can result from methodological choices, these questions need some investigation. 
 
 
STORED SOLAR ENERGY 
 
It is a convention not to include the energy of the sun in calculating embodied energy. This is sensible, in 
that the sun is shining no matter what, and the impact of sunlight falling on the earth is something all living 
and inanimate things on earth have evolved with. It is not generally regarded as a negative impact. 
 
Thus, some products, such as timber, will have a value from their solar energy content that cannot be 
thought of as representing a negative impact. In the case of coal and oil, the energy value also comes from 
the sun (in the distant past) but we do, by convention, count this fossil energy value as having a negative 
impact when the coal is burnt. If it stays in the ground there is no impact. It is the converting of large 
quantities of stored solar energy from the distant past, at the rapid and increasing rate of the industrial 
revolution, which is linked to the problem of rising atmospheric CO2 and climate change. Such a distinction 
between fossil carbon and timber carbon is, strictly, inconsistent from an energy point of view. It is 
sensible, however, if, as we must, we bear in mind what we are doing the analysis for. That is, to take a 
global and long term view of how the planet runs and recognise which activities are benign, and which are 
detrimental in that wide context, and how we can best proceed to keep things running smoothly. 
 
 
FEEDSTOCK AND ENERGY 
 



There are common inconsistencies in analysing products made using fossil carbon as a feedstock. That is, 
using the physical or chemical attributes of the feedstock to produce a product that embodies the fossil 
material without using it as a fuel. Plastic products, as an example, do have environmental impacts from 
the extraction of the crude oil, transporting it and manufacturing it into useful goods. But the impact of 
using its calorific value, and thereby releasing CO2 and other pollutants into the atmosphere, is absent. On 
this basis items of furniture made from plastic or from wood, for example, have similar environmental 
impacts (ignoring the different processing impacts). But processes fuelled by oil compared to wood have 
very different impacts. Likewise, a process that uses crude oil as a fuel and one that uses it as a feedstock 
to produce another product have very different impacts. 
 
To reflect these differences, and to get an accurate idea of the impacts on the environment, the calorific 
value of a feedstock should only be included in an embodied energy total if that calorific value is realised. 
The consistent approach would be to recognise that the impact comes from the combustion of fossil 
carbon, and this should be included in the embodied energy of a product only when the carbon is actually 
burnt. Thus, the calorific value of the carbon used in making plastic would contribute to the embodied 
energy total of any process that burned plastic from, say, municipal waste. It is popular to despise plastic 
as a product because it is made from oil and is thus helping to use up a limited resource, or because it has 
negative health impacts such as the release of volatile organic compounds. But it should not be despised 
as a material because it has a ‘high’ embodied energy value, owing to inclusion of the potential calorific 
value of its carbon feedstock.  
 
By the same token, because water can be separated into hydrogen and oxygen and a great deal of 
calorific value derived from these ‘fuels’ it could be regarded as an ingredient with a high embodied 
energy. It is correctly not regarded this way because these fuels and their calorific value are not realised. 
Sensibly, the many processes that use water only incur an increase in their embodied energy coefficient 
from the energy used to collect and deliver the water to the process site.  
 
In the case of timber used as a fuel source (bio-fuel, or furnace wood) the calorific content of timber should 
be rated as zero, since the CO2 content of the timber was only recently absorbed from the atmosphere by 
the growing tree, probably within the period of response governed by the gradual reaction of the surface of 
the planet, including the oceans.  
 
By the above method, timber gains an advantage that will serve to encourage its use over fossil fuel. 
Timber, and other bio-fuel grown specifically as a fuel then becomes, effectively, a method of harvesting 
and temporarily storing solar energy. It becomes stored sunlight, and, correctly, we don’t count sunlight as 
a negative impact. 
 
In Alcorn, 1998, plastic is treated in the conventional way where the calorific value of the oil feedstock is 
included in the embodied energy coefficient. If plastic is recalculated to include the energy of extraction, 
transport and processing but not the calorific value of the feedstock, the embodied energy coefficients for 
some plastics become: 
 
 

Plastic material Energy coefficient with 
calorific content (MJ/kg) 

Energy coefficient without 
calorific content (MJ/kg) 

HDPE and LDPE 103 24.5 
Polyester 53.7 14.4  
Polystyrene 117 65.1 
PVC 70 41.5  

 
 

Table 1.  Energy coefficients for some plastics with and without calorific content 
 
 
SECONDARY AND WASTE PRODUCTS 
 
Cement has a high embodied energy value, and an even higher CO2 output, owing primarily to its large 
heat requirement for the calcination process. To reduce the energy input requirements it is possible to mix 
in other cementitious materials. This includes fly-ash from steel production. In New Zealand this may be 
around 1% (Jaques, 2001), but up to 60 or 70 % in other countries (Holnam, 2001). Embodied energy 



coefficients for steel production in New Zealand have included all the inputs of energy and ingredients 
(Alcorn, 1998), and attributed them to the output of steel products. The fly-ash produced has historically 
been sent to landfill.  
 
As part of a move to reduce energy inputs, the cement manufacturing industry has included fly-ash as a 
cementitious material in its mix. In using a ‘waste’ product that has previously not had an embodied energy 
coefficient attributed to it, it could be thought to be gaining a useful energy reducing ingredient at no cost to 
its bottom line embodied energy coefficient. However, as soon as the fly-ash gains a use, it becomes a co-
product or secondary product. It must then be assigned its share of the energy inputs to the steel making 
process. The cement industry does not then have such an advantage in energy terms, although it still has 
a monetary advantage in that the fly ash is cheaper to obtain then an equivalent amount of cement made 
by the usual energy intensive calcining process. 
 
Used oil is now incorporated in some New Zealand cement production. (Hume, 2001) Since the energy of 
a material or product is attributed to its first use, there is an energy advantage to the cement industry in 
using this fuel. However, since the oil was used as a lubricant, it is the energy used to extract, refine and 
distribute the oil that can be ignored in its use as a fuel for calcining. Its calorific value still accrues to its 
use by the cement making process. Again, the cement industry gains a relatively cheap fuel in monetary 
terms, but the energy associated with it is only partially discounted by its first use. 
 
 
INTERNATIONAL TRANSPORT 
 
It is a convention of the Intergovernmental Panel on Climate Change methodology to attribute the use of 
bunker fuel to the country where the final fuel loading occurred. This is the only practical way to account 
for bunker fuel in the IPCC calculations. However, in embodied energy and CO2 analysis, since national 
boundaries are irrelevant to the final coefficient, the transporting of ingredients is normally included in the 
total coefficient for a particular process. Since it is the demand of the manufacturer that initiates the 
transport of a particular ingredient, the energy used in that transport should correctly be attributed to the 
final product.  
 
As an example, in analysing the embodied energy and CO2 of aluminium produced in New Zealand, the 
energy and CO2 contributions from the transport of alumina across the Tasman are included in the final 
coefficient, irrespective of where the ship is fuelled (Alcorn, 1998).  
 
As another example, part of New Zealand’s demand for steel is at present met by domestic production, 
and part from imports. If New Zealand production of steel were to cease and all steel were to be imported, 
it is possible that the new source would be able to produce the steel with lower embodied energy and CO2 
coefficients. This may thus be viewed as an improvement on the present situation, but account would have 
to be taken of the extra energy required to transport the steel to New Zealand, again, irrespective of the 
port where the ship was bunkered. 
 
The same approach for attributing transport energy may be used for the factory to site journey. Because it 
is not known where products will be used, it is easiest, and conventional, to count energy inputs and CO2 
outputs to the factory gate. When a building is built, the energy of transporting materials to site should be 
included in the energy analysis of the whole building. This is preferable to making an estimate of transport 
mode and distance to site in order to include final transport energy in the embodied energy coefficient of 
the product. 
 
 
IGNORED INPUTS 
 
The IFIAS levels 1 to 4 give a rough guide to the level of complexity that is used for a particular analysis 
(IFIAS,1975). It is not always easy to decide which level has been achieved. What is of considerable use, 
however, is a statement about what is and is not included in the analysis. Does the analysis, for example, 
include an amount for the capital equipment? Are some ingredients ignored because they represent a 
proportion of the total that is too small to be worth pursuing? Has an estimate or an input-output figure 
been substituted instead? These decisions to ignore certain items can add up to a significant amount. For 
example, in the case of concrete block (Jaques, 2001) sand is ignored as having ‘minimal energy 
requirements’. On the rationale that the graded aggregate ‘has the same extraction and primary 



processing energy requirements as sand, i.e. nil’, approximately 10% of the energy of a concrete block is 
ignored.  
 
In this case, the non-inclusion of the aggregate energy is stated. A lay user of the information, such as an 
architect, could, if they were concerned, make some estimate for the non-included aggregate energy, or at 
least understand how this may account for the difference from other published figures. What is not stated 
in the Jaques (2001) figure is the non-inclusion of capital equipment energy. This leaves out another 2% 
approximately from the total energy required to produce the concrete block. This may be regarded as an 
item too small to be worth pursuing, but in some industries the figure for capital equipment energy can be 
significant. Without doing the calculation, or referring to reliable information on this aspect, it is impossible 
to know, either for the layperson or the energy analyst, whether such a component is significant or not. At 
the very least it should be clearly stated if capital equipment has been included in the total coefficient for a 
product. A lay user of the data is unlikely to be aware by themselves of such omissions. 
 
In applying energy or CO2 coefficients to whole buildings the significance of leaving out small items for an 
individual material may be viewed differently. 2% for capital equipment energy is very different for timber 
with an energy coefficient of around 2 MJ/kg compared to aluminium with an energy coefficient of around 
200 MJ/kg. Thus, the capital equipment energy portion of the aluminium used in a building may turn out to 
be much more than the total energy for, say, the entire insulation component. (Skates, Donn and Alcorn, 
2001)  
 
It is also very difficult to predict, even for experienced analysts, which materials in a particular building 
design will add up to be of major or minor significance. The importance of including as many contributions 
as possible in the energy coefficient of a material thus becomes more pronounced, as is the risk of making 
early assumptions about their significance. Equally, the value of undertaking detailed, rigorous and up to 
date analysis of building materials is underscored. 
 
 
CLARIFYING CONVENTIONS 
 
During the years since the first oil shock, much of the research around embodied energy has been 
confined to people with a professional interest in the topic. The transfer of embodied energy and CO2 
knowledge from research to the built environment is going to take place largely by architects. A small, but 
growing, number of architects have become aware of environmental problems and solutions, prompted by 
the generally greater awareness of clients and the general public. There is thus a need to explain the 
decisions and conventions used in embodied energy and CO2 research, expressed in clear and simple 
terms, for the sake of architects, their clients and other lay people who are now considering the issue 
much more frequently. 
 
Being notorious for following their own agendas, architects often want to make their own decisions about 
the importance of various aspects of embodied energy and CO2 impacts. Because embodied energy and 
CO2 data is now more likely to be consulted by lay people, and to aid the understanding of other 
researchers, it is important that there is as much transparency as possible about the derivation of final 
figures.  
 
A simple solution is to state what conventions and methodologies have been used in deriving figures right 
at the beginning. It is common to see embodied energy researchers make some attempt at this, but less 
common to see it in a form that is thorough or easily digested by a layperson. Rather than simply referring 
to another researchers work as providing a convention or methodology that has been followed, it would be 
beneficial for researchers, even when writing for other researchers, to mentally run through a checklist. A 
statement needs to be made delineating the approach taken about issues, such as the treatment in the 
research of 

• solar energy 
• energy of human labour 
• calorific content of feedstock 
• energy attribution of secondary products 
• energy attribution of recycled and waste products 
• energy of international transport 
• energy of local transport 



• limits of the analysis 
• method(s) of analysis 
• capital equipment energy 
• energy for the production and distribution of end-use energy 
• inclusion or exclusion of some physical inputs 
• age of data 
• source of data 
• accuracy of data 
• representativeness of data 

 
This approach would prompt the researcher to check the inclusion of and methodology used for the items 
on the checklist. It would make the final figures more useful for layperson and researcher alike. It would 
also enable an easier formulation of consistent conventions in embodied energy and CO2 research.  
 
 
CONCLUSION 
 
A major criticism of embodied energy research has been the wide variation in results from one study to 
another. This has prompted legislators to avoid embodied energy figures in new construction codes, with 
the consequence that the embodied energy, and associated environmental impacts, of buildings continues 
to be higher than necessary. There are inevitably differences from country to country and factory to factory. 
However, when similar methodologies are adopted the results become remarkably consistent. 
 
In aiming for a more consistent set of protocols for embodied energy and CO2 research a number of points 
may be followed: 

• Solar energy should not be counted either as a direct input to a material (e.g. timber) or as an 
indirect input via a fuel (e.g. bio-fuel) 

• The calorific value of a feedstock should not be included in the embodied energy coefficient of a 
product or material if that calorific value is not realised 

• When a ‘waste’ product is used as an ingredient, that waste product should bear its share of the 
energy that produced it, with this value contributing to the final coefficient of the resulting product 

• When ‘waste’ is used as a fuel the calorific value of that waste should be included in the final 
coefficient of the resulting product. It should be assumed that the calorific value of the ‘waste’ fuel 
was not already included in the final coefficient of the first-use product 

• The transport energy of ingredients or fuels to a processing site should be included in the final 
product coefficient, but not the transport energy of a product to the building site 

• As many ingredients as feasible should be included in a process analysis. Where they are not 
included, an estimate, or better, a substituted input-output figure is preferable to simple exclusion. 
A note should be added to draw attention to any non-included input 

• Methodologies and conventions used or avoided should be stated clearly and simply at the front of 
presented embodied energy and CO2 data. Any anomalies, or deviation from the stated approach, 
should be noted alongside the example 

. 
If the basic conventions can be rationalised, and some of the common inconsistencies eliminated, 
embodied energy figures will normalise and become more useful and more used.  
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