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ABSTRACT: ‘Green’ buildings are often claimed to cost no more, however they can have lengthy 
financial payback periods. The environmental payback period is arguably more critical for green 
buildings, but it must be calculated accurately in an equivalent financial framework. Thirty years worth 
of ecological economics research provides some guidance on this. The residential building sector 
requires services from the insurance sector as well as the iron and steel sector. Financial inputs have 
rarely been quantified in previous embodied energy analyses. After all building materials are quantified 
in physical terms, in a process analysis, within the limits of available data, time and cost, there are still 
significant gaps in the system boundary that require the use of financial quantities of goods and 
services. In this paper, the need for financial and physical quantities of goods and services for the 
energy analysis of buildings is demonstrated. Current environmental assessment methods tend to use 
physical rather than financial quantities. A method is demonstrated for using input-output data (based 
on financial quantities) to fill gaps in a simplified environmental assessment. This innovative technique 
overcomes systemic limitations associated with previous methods. This has particular implications for 
the future development of sophisticated environmental analysis tools. 
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input-output-based hybrid analysis 

1. INTRODUCTION 

Policy makers for the built environment are starting to show signs of seriously addressing indirect environmental 
impacts, such as energy embodied in building materials. A critical aspect here is the problem of how to calculate the 
environmental impact fairly and comprehensively. A decade of work on the problem of embodied energy has shown 
time and time again that virtually all previous methods are significantly incomplete, causing significant and in some 
cases gross underestimations. A focus on basic building materials is the main cause of the incompleteness problem. 
Most previous environmental assessment methods have relied only on physical quantities of materials and energy. 
One previous method that has not relied on physical quantities, input-output (IO) analysis, is systemically complete, 
but is used as a black box. A financial system boundary suggested by IO analysis is the most logical delineator of the 
knock-on effect of a sector, industry, establishment or process. Critical to the utility of IO analysis is the technique of 
disaggregating the IO model into discrete, mutually exclusive pathways (Treloar, 1996b; 1997). These pathways can 
be replaced with case specific information, while the remainder of national average data is retained for system 
boundary completeness. This method is called IO-based hybrid analysis, because it is based, in terms of data and 
financial framework, on IO analysis. But this method, despite having been in the public domain for over a decade 
(Treloar, 1996b; 1997), has not been taken up by all but a handful of theorists. Part of this problem from the 
perspective of process analysts, who use only physical quantities, is arguably a perceived lack of reliability in the IO 
component of the model. Those familiar with IO analysis and various hybrid analysis methods may be slow to take up 
the IO-based hybrid analysis method due to perceived complexity of the new method. Consequently, virtually every 
environmental assessment published is subject to critique of its system boundary. This is limiting the environmental 
assessment industry’s ability to gain credibility with other researchers, government, industry and the public. The IO-
based hybrid analysis method represents an opportunity to make progress in this area, due to its use of financial and 
physical quantities. Therefore, the aim of the paper is to demonstrate the need for both financial and physical 
quantities in environmental assessments. 

2. BACKGROUND 

Thirty years worth of research into ecological economics provides hints as to why both financial and physical 
quantities might be required for environmental assessment. Over 25 years ago, the link between broadly defined 
embodied energy and economic value was well known (Costanza, 1980). More recently, Goodland and Daly (1996) 
outline the ‘input-output rule’ (not to be confused with IO analysis, described later), such that ecological sustainability 
is achieved by balancing the inputs to society against its outputs, living off the interest of natural systems and their 
carrying capacity instead of their capital, while maintaining artificial (industrial) capital. The so-called ‘input-output 
rule’, however, cannot be adhered to when the full range of linkages are not completely known, and consumption of 
natural and artificial capital is removed by many degrees of separation, as in the modern global economy.  

41st Annual Conference of the Architectural Science Association ANZAScA 2007 at Deakin University 247



2.1 Embodied energy analysis methods 
There are two main methods for environmental assessment (process analysis and IO analysis) and two main hybrid 
methods, process-based hybrid analysis and IO-based hybrid analysis. Process analysis uses physical quantities of 
materials and energy, while IO analysis uses a financial quantities of goods and services. Process analysis is 
considered to be more accurate and/or relevant to a specific case. IO analysis is systemically more complete for a 
nation or region, but is less applicable to specific situations, and is used as a black box. 

As with the two main methods, the basis of each of the two hybrid methods determines its system boundary ‘type’: 
physical or financial. Process-based hybrid analysis is based on physical quantities while IO-based hybrid analysis is 
based on financial quantities. Process-based hybrid analysis rectifies the upstream truncation error inherent to 
process analysis (see Figure 1), but only for the generally physical quantities that are considered quantifiable and 
relevant in the process-based hybrid analysis. The more detailed a process-based hybrid analysis becomes, the 
more susceptible it is to upstream and sideways truncation (see Figure 1). Sideways truncation includes inputs that 
are generally quantified in financial terms, such as advertising, as well as other items thought insignificant. IO-based 
hybrid analysis retains the systemic completeness of IO analysis (as long as the first step is financial quantification of 
the construction cost, see Figure 1), while enabling all of the physical quantities used in a process analysis or 
process-based hybrid analysis to be integrated with no increases in sideways and upstream truncation error. 
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Figure 1. Upstream, downstream and sideways truncation errors in the construction system boundary 

Process analysis was pioneered in the 19th century, in the field of thermodynamics. Its most recent fundamental 
development came from Boustead and Hancock (1979). Input-output (IO) analysis was developed by Wassily 
Leontief, for which he received the Nobel Prize in 1973. IO analysis was applied to environmental assessment over 
the last four decades, including hybrid methods for the integration of process data in various ways to address gaps in 
process analyses (eg. Bullard et al., 1978; Miller and Blair, 1985; Alcorn, 1995; Lave et al., 1995; and Treloar, 1997). 
Treloar’s method of IO-based hybrid analysis is unique in addressing all types of truncation error indicated in 
Figure 1. A financial system boundary is necessary to enable this. The financial system boundary covers processes 
thought insignificant or neglected by physical flow methods (process analyses and process-based hybrid analyses).  

The key benefit of the IO-based hybrid analysis method is that it builds on all the benefits of previous methods while 
eliminating their systemic errors. All physical quantities for materials and energy that are available at a given point in 
time through process analysis can be integrated with a national average model of financial quantities (the IO model). 
For example, the energy embodied in Ceramic products is deducted from the national average model, and the energy 
embodied in various ceramic products for the case study building is substituted. The rest of the model is left 
untouched, and can be left as a single number, so its complexity is not overwhelming.  

The embodied energy values for materials derived for a database can comprise of a process component and an IO 
component, and can be developed using process-based hybrid analysis method (Bullard et al., 1978). As long as 
these process-based hybrid analysis figures are applied to the case study building in consideration of the correct 
location in the supply chain, no downstream truncation errors will occur.  

However, the IO component of hybrid models (ie, the component based on financial quantities) has not been properly 
validated, despite being generally larger in aggregate value than the component of hybrid models that is based on 
physical quantities. The best way to validate IO models is to replace as much as possible of the IO data with process 
data, and compare the two results for each mutually exclusive component. But this violates the first premise of the 
IO-based hybrid analysis method: the presumption that that process-based data is available. If more process analysis 
data were available, it could be integrated in the IO-based hybrid analysis method. The remaining IO-based 
component of the hybrid model would still be unvalidated, despite being slightly reduced, relatively.  
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For some IO-based hybrid analyses, depending on the profile of the supply chain, the IO component (ie, the part of 
the system boundary for which financial quantities of goods and services are required) is over 50% of the total, for the 
parameter energy (eg, Crawford, 2005). In other countries, where there is potentially more process data available, 
the IO component could theoretically be less than 50% in an IO-based hybrid analysis. No overseas studies have 
been published using IO-based hybrid analysis to the author’s knowledge, despite dozens of citations by overseas 
authors being traced that agree with the IO-based hybrid analysis method. None of the dozens of Australian studies 
using the IO-based hybrid method have resulted in more than 50% of the hybrid result comprising process data (ie, 
data based on physical quantities of materials and energy). This suggests that the use of financial quantities is at 
least equally as important as physical quantities.  

This background suggests the following hypothesis: that financial information is at least as important as 
physical information for the embodied energy analysis of buildings.

3. METHODOLOGY 

The development of an IO model for Australian energy use is described. Then, the IO-based hybrid analysis method 
is outlined for a hypothetical, simplified residential building. The expected result is that more than half of the 
embodied energy is dependent on financial rather than physical quantities. This would confirm the hypothesis and 
add weight to the aim of the paper that financial information is required for environmental assessments of buildings. 

3.1 Input-output model for Australian energy use 
In 2003, an IO model for Australian energy use was developed by Prof Manfred Lenzen, Department of Physics, The 
University of Sydney (used with permission for this and other research projects). The IO data was taken from the 
Australian National Accounts (ABS, 2001). The model treats imports as equivalent to domestic production (Lenzen, 
2002). The model includes the value of capital purchased in previous years, and capital imported from other 
countries, amortised over the capital item’s life (as described and analysed in Lenzen and Treloar, 2005).  

Figure 2 shows schematically how the various sources of data were compiled for the IO model. It is acknowledged 
that 1996-7 data are over a decade old, and many limitations exist in its ongoing use. But these limitations are likely 
to be less important than the lack of increases in recent, public domain process analysis data for inputs to 
construction, as noted in previous publications (Treloar, 1997; Suh et al., 2004; and Crawford, 2005). The 1996-7 IO 
model is sufficiently relevant for the purposes of this paper. It is rare to be able to use IO data less than 5 years old, 
as it takes a few years to compile from the survey year, and is not produced every year. 
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Figure 2. Schematic diagram of input-output (IO) model 

Energy usage data in primary terms were applied to the model, to enable summation and tracing of direct and indirect 
requirements through the economy from activity in construction (and other sectors supplying construction, and so 
forth). Primary energy is the amount of raw fuels used, not just the quantities of electricity and other fuels delivered to 
the process (ie, delivered energy): essentially, it is the fossil fuels embodied in delivered energy. The system 
boundary for considering primary energy is thus also financial, as with the rest of the IO model. The key inputs of 
fossil fuels, though, are treated in physical terms, to avoid errors associated with using primarily financial information 
to determine these critical components of the IO model. The energy data were derived from a national government 
source (ABARE, 1997). Total energy intensities were then derived using a power series approximation of the Leontief 
IO model of total requirements coefficients (see Miller and Blair, 1985, for detailed descriptions of this technique).  

3.2 Input-output-based hybrid analysis method 
The national IO model was used as a basis for the analysis of individual buildings, incorporating the best available 
process data for specific building materials manufacturers. These data are mostly from the late 1990s, mined from 
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the latest available Simapro Australian database (Grant, 2000), and so match appropriately the age of the base IO 
model. No other source of substantially better public domain process data is available to the author’s knowledge.  

The method demonstrated in this paper is different from that originally proposed by Treloar (1997) in that a database 
of process-based hybrid analysis values for building materials was first derived. Therefore the total energy intensity 
value of the inter-sector pathways, not the direct energy intensity values for which physical quantity data was 
obtained, was deducted from the total energy intensity of the residential building sector to give the ‘remainder’ (which 
in this case comprised only part of the IO component of the hybrid result). The ‘remainder’ thus corrects sideways 
and downstream truncation error. This ensures the IO component of the process-based hybrid analysis values relate 
to the physical quantity for the case study, not the national average model. This corrects an error in the original 
design of the IO-based hybrid analysis method (Treloar, 1997).  

Process-based hybrid analysis data was incorporated in the IO system boundary by first deducting the relevant 
pathway in total energy intensity terms, as noted above. Then the relevant process-based hybrid analysis values for 
the case study were substituted within the overall IO model, to ensure systemic completeness. The IO model from 
which these modified pathways were deducted did not include capital, as none of the process data included energy 
embodied in capital. This would change obviously if process data became available that included capital energy. 

A simple 270 m2 house (230 m2 residence and 40 m2 garage) was assumed with the following attributes: 
 Reinforced concrete slab (with 100kg of steel per cubic metre), carpeted over 80% of the residence, ceramic 

floor tiling over the wet area comprising the remaining 20% of the residence; 
 Timber framing throughout, R-2.0 fibreglass insulation in external walls, with steel lintels where required; 
 Pitched roof, clad with colourbond profiled steel decking, painted plasterboard ceiling with R2.5 fibreglass;  
 2.4 m ceiling height, with 25% of the external walls comprising double glazed windows; and 
 Brick veneer external wall construction, with painted plasterboard internal linings, R1.25 fibreglass and 

ceramic wall tiling in wet areas. 

4. RESULTS 

At the whole building level, a first approximation of the embodied energy can be given by multiplying the building 
price (assumed to be $175,000 in 1996-7) by the total energy intensity of the Residential Building sector including 
capital (10.633 gigajoules per thousand dollars, GJ/$1000). The result was 1866 GJ, worth about 20-30 years of 
operational energy. This was rounded to 1900 GJ to indicate a reasonable level of accuracy. The inclusion of imports 
and capital added about 65% to the primary energy model for residential building construction. 

Table 1 shows how the materials in each element of the building were quantified in physical terms, based on the 
assumptions listed in Section 3.2. Process-based hybrid analysis embodied energy rates for these materials were 
multiplied by the physical quantities in the units given. The modified proportion (MP) for each material represented 
the process component of each process-based hybrid analysis embodied energy rate. The corollary (unmodified) 
proportion in each case is the IO component. The modified proportion was multiplied by the embodied energy in each 
material to give the process analysis component of the embodied energy in each case, in GJ. For each element, the 
total embodied energy in GJ is also given in column 1, in parentheses, under the element name. 

The Appendix lists the embodied energy pathways extracted for the Australian Residential Building sector, 1996-7. 
The pathways are expressed in total energy intensity terms. Thus, all pathways terminating at stage 1 cannot be 
added to the pathways terminating at stage 2. For example, the pathway iron and steel into structural metal products
is an upstream component of the pathway structural metal products (as indicated in Figure 1). The bold pathways in 
the appendix represent pathways attributed fully or partially to the physical quantities of materials given in Table 1 for 
the case study building. The sum of these particular (bold) pathways represents the IO component of the model that 
were deducted from the total energy intensity of the residential building sector to give the ‘remainder’. The bold 
pathways are mutually exclusive, and thus can be added. The italicised pathways represent pathways that were 
included already upstream from the bold pathways, and are therefore not mutually exclusive of the bold pathways.  

The IO-based hybrid analysis technique amounts computationally to the task of adding 15 numbers together and 
subtracting the result from another number, as demonstrated in Table 2 (assuming the IO pathways were already 
extracted and understood). In Table 2, the bold pathways from the appendix are converted from GJ/$1000 terms into 
GJs of energy embodied in the case study building by multiplying their energy intensity value in GJ/$1000 by the 
price of the building ($175,500) and dividing by 1000. The pure IO total energy intensity including capital energy was 
10.633 GJ/$1000 (or 1866 GJ for this example house). The IO value of modified pathways was 4.254 GJ/$1000 (747 
GJ in Table 2). Deducting the IO value of modified pathways from the total gives us a ‘remainder’ of 6.378 GJ/$1000 
(1119 GJ for this example house). The modified component of the process-based hybrid analysis figure from Table 1 
was 941 GJ. The unmodified component in the process-based hybrid analysis is therefore the reciprocal figure, 1976-
941 = 1035 GJ. Adding this to the remainder of 1119 GJ gives a total unmodified (IO) component of 2154 GJ, or 
70%. The overall modified component, or the process analysis component, is the reciprocal: 30%. The total 
embodied energy from the IO-based hybrid analysis was 3095 GJ (1976 + 1119), or 11.5 GJ/m2 of building area. This 
compares well with previous IO-based hybrid analysis of houses (eg Fay et al., 2000, had a value of 14.1 GJ/m2).

Figure 3 shows the relationship between the process-based hybrid analysis and IO analysis values for the pathways 
relevant to the case study building. The process-based hybrid analysis values are generally higher than the IO values 
(ie, to the right of the diagonal line of ‘equivalence’, drawn from the bottom left of the graph to the top right of the 
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graph, with equivalent axes), as found previously by Treloar et al. (2001). This is because, for example, the national 
average house has part of a timber floor and part of a concrete floor. When one building with either flooring system is 
studied, the national average model has to drop the other system, resulting in an apparent over-estimation of a 
component of a pathway (and a compensating zero value for a component of another pathway). One has to visualise 
a pair of points for each affected pathway, with one value depicted in Figure 3 and another compensating point, with 
a zero value for the x-axis, invisible in Figure 3. The weighted average of the affected points and the compensating 
points with the same y-axis value, can be imagined varying about the line of equivalence. 

Table 1 Case study embodied energy, by material quantities and modified proportion (MP) 

Element material unit quantity 
(unit)

energy intensity 
(GJ/unit)

embodied energy 
(GJ)

MP
(%)

MP
(GJ)

Floor Membrane m2 350 0.51 180 12.2% 22
(1085 GJ) 32 MPa concrete m2 54 5.46 295 75.0% 221

Steel t 5.4 85.28 461 60.2% 277
Carpet wool m2 184 0.74 136 29.3% 40
Ceramic tile m2 46 0.29 13 9.0% 1

External walls Brick m2 133.2 0.56 75 71.4% 53
(285 GJ) Plasterboard m2 133.2 0.23 31 19.5% 6

Paint m2 133.2 0.10 13 14.9% 2
Timber framing m3 1.332 10.92 15 60.0% 9
Steel fixings t 0.05 85.28 4 60.2% 3
50mm fibreglass  m2 133.2 0.11 14 44.7% 6
4mm float glass m2 44.4 1.73 77 34.2% 26
Aluminium t 0.222 252.60 56 83.1% 47

Internal walls Plasterboard m2 150 0.23 35 19.5% 7
(69 GJ) Paint m2 150 0.10 14 14.9% 2

Timber framing m3 0.5 10.92 5 60.0% 3
Steel fixings t 0.05 85.28 4 60.2% 3
Ceramic Tile m2 35 0.29 10 9.0% 1

Roof/ceiling Colourbond m2 350 0.68 239 29.5% 71
(537 GJ) Reflective foil m2 230 0.14 31 83.1% 26

Timber framing m3 7 10.92 76 60.0% 46
Steel fixings t 0.1 85.28 9 60.2% 5
Plasterboard m2 270 0.23 63 19.5% 12
Paint m2 270 0.10 26 14.9% 4
Steel lintels t 0.5 85.28 43 60.2% 26
100mm f/glass m2 230 0.22 50 44.7% 22

TOTAL  - - - - 1976 47.6% 941

Table 2 Process-based hybrid analysis (PBHA) and input-output (IO) embodied energy (EE) values for case 
study pathways 

PBHA EE (GJ) IO EE (GJ) stage 1 stage 2 
98 192 Ceramic products 
295 158 Cement, lime and concrete slurry 
461 74 Iron and steel 
43 62 Structural metal products Iron and steel 
64 61 Other non-metallic mineral products 
128 59 Plaster and other concrete products 
96 48 Sawmill products 
180 29 Plastic products 
53 18 Paints
17 17 Fabricated metal products Iron and steel 
136 7 Textile products 
239 7 Sheet metal products Iron and steel 
56 6 Fabricated metal products Basic non-fe. metal and products 
77 4 Glass and glass products 
31 4 Sheet metal products Basic non-fe. metal and products 
1976 747 TOTAL for modified pathways 

5. DISCUSSION 

Environmental analyses such as life cycle assessments are complex tasks. Embodied energy analysis, while only 
looking at one environmental parameter, is arguably no less complex. In fact, an embodied energy analysis using a 
financial system boundary can be more complex than the most detailed environmental assessment, which might use 
dozens of environmental parameters in physical terms. However, the complexity of an assessment using both 
physical and financial quantities can be easily managed using the method demonstrated above.  
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Figure 3 Relationship between process-based hybrid analysis (PBHA) and input-output (IO) value of 
pathways for case study 

It is important to discuss the issue of where the financial system boundary starts and stops. If a company pays for 
something, then it is essential for its operation, and it is thus included in the financial system boundary. Tax laws 
determine whether entertainment, for example, is a legitimate company expense. Workers’ meals, however, are not 
an allowable deduction, and this neatly demonstrates the issue of where to stop. In a physical system boundary, the 
decision of where to stop is driven arbitrarily by available time and data. In some physical system boundaries, the 
energy value of all workers’ meals (whether paid for by the company or not) are counted in embodied energy 
analysis, or even the fossil fuels embodied in worker’s meals (IFIAS, 1974). This does not agree with the financial 
system boundary, and seems arbitrary when one considers the other essential and ancillary processes routinely 
neglected in physical system boundaries. The international standard for Life Cycle Assessment (LCA) stipulates that 
the system boundary be chosen by a reputable practitioner on the basis of experience (see the ISO 14040 series of 
standards). However, if an LCA practitioner has never investigated the fine detail of a disaggregated IO model, they 
cannot be intuitive about whether or not they have chosen an appropriate system boundary. Similarly, if they have 
never studied capital energy, or if they have never added up the energy embodied in services, they cannot discount it 
legitimately without knowing whether it is insignificant or not. 

The case study presented herein did not include fixtures, services or external elements, for the sake of simplicity, but 
these are common exclusions in all but a few embodied energy studies (eg, inter alia, Treloar, 1996a, Fay et al.,
2000). Consequently, the proportion of the model comprising IO data (70%) is higher than some previous equivalent 
studies (as low as 50%). If these other items were studied, based on previous experience, it is unlikely that the 
proportion of the model comprising IO data would drop below 50%. The reason for this can be seen clearly from the 
appendix. The collection of physical quantities, of materials and energy (ie, process data), has to extend first to the 
pathways that were not addressed in this study (and these in the main are not typified by the building elements not 
addressed in this simplified case study, ie., fixtures, services and external elements). For example, pathway number 
13 is Wholesale trade and pathway 15 is Other property services. Process data for such products has never been 
collected and applied to an embodied energy study of a building (to the author’s knowledge). While the energy 
embodied in basic materials present in household appliances has been analysed (eg., pathway 16 and 51), the 
energy used to assemble household appliances (let alone other inputs of goods and services to household product 
manufacture, like insurance and marketing) is rarely considered in studies of entire buildings.  

The appendix also suggests an order in which to collect physical information for a residential building, in future 
studies. For example, Household appliances are more important that Iron and steel products. Similarly, Wholesale 
trade is more important that Plastic products. Also, rather surprisingly, Accommodation, cafes and restaurants is 
more important that Textile products. If companies pay for it, it is included in the financial system boundary. 
Each pathway is a function of the direct energy intensity of the sector and the IO coefficients that indicate how many 
dollars of the sector’s product is required per dollar of the downstream sector’s output. How can these individual 
components of the IO model be evaluated en masse? Even the case study presented in this paper makes radical 
simplifications. A few items in physical quantity terms have been assumed to represent an entire sector’s input to 
residential building construction. For example, Ceramic products was assumed to comprise clay bricks, and ceramic 
wall and floor tiles: but vitreous china sanitary ware was not quantified here, yet the entire pathway was deducted. So 
the final result in terms of embodied energy should be slightly higher, and the proportion of IO data in the final result 
should also be slightly higher. These types of simplifications and errors need to be investigated further, in great 

41st Annual Conference of the Architectural Science Association ANZAScA 2007 at Deakin University 252



depth. At this level of detail, the financial quantities assumed in the IO model need to be interrogated exhaustively. 
But there are thousands of them. And each time they are applied to a new case study, the circumstances change. 
What happens if we use physical quantities of materials and energy only, and no financial quantities (ie., no IO data)? 
We risk significantly underestimating the embodied energy, despite our best intentions (Lenzen and Treloar, 2003). If 
embodied energy is significantly underestimated, this disturbs our understanding of the life cycle consequences of 
initial and recurrent embodied energy. The risk here is that energy efficiency features, at the limit, could be favoured 
where the energy payback period is much longer than is reasonable, for example. 

6. CONCLUSION 

This paper aimed to show that both financial and physical quantities are required for environmental assessments. 
Relying only on physical quantities of materials and energy covers less than half of the embodied energy of a typical 
residential building. This finding is supported by previous applications of the IO-based hybrid analysis method to 
buildings. This paper adds a further dimension to previous studies by correcting a methodological error in previous 
versions of the IO-based hybrid analysis method. The current paper’s findings are limited to embodied energy 
analysis of complex products such as buildings, but environmental assessments of less complex products like 
individual building materials and products are complex enough for this method to be worth pursuing. Time and costs 
savings for such studies could be significant. The use of the disaggregated national average IO model to guide data 
collection also provides significant benefits to the quality of the results.  
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Appendix – Embodied energy pathways for the Residential Building sector, Australia, 1996-7 

Total Energy Intensities (TEIs) of paths, excluding capital energy, one and two transactions upstream from residential building
No. TEI (GJ/$1000) stage 1 stage 2 
1 0.3490 Direct primary energy required by residential building 
2 1.0940 Ceramic products 
3 0.8988 Cement, lime and concrete slurry 
4 0.7497 Structural metal products 
5 0.5704 Other wood products 
6 0.4508 Household appliances 
7 0.4222 Iron and steel 
8 0.3549 Structural metal products Iron and steel 
9 0.3490 Other non-metallic mineral products 
10 0.3368 Road transport 
11 0.3361 Plaster and other concrete products 
12 0.2722 Sawmill products 
13 0.2656 Wholesale trade 
14 0.2555 Fabricated metal products 
15 0.2131 Other property services 
16 0.1729 Household appliances Iron and steel 
17 0.1675 Plastic products 
18 0.1324 Cement, lime and concrete slurry Road transport 
19 0.1010 Paints
20 0.0986 Plastic products Basic chemicals 
21 0.0975 Cement, lime and concrete slurry Cement, lime and concrete slurry 
22 0.0961 Fabricated metal products Iron and steel 
23 0.0960 Iron and steel Iron and steel 
24 0.0942 Sheet metal products 
25 0.0908 Structural metal products Basic non-ferrous metal and products 
26 0.0879 Structural metal products Structural metal products 
27 0.0874 Ceramic products Other non-metallic mineral products 
28 0.0848 Other electrical equipment 
29 0.0807 Structural metal products Iron and steel 
30 0.0802 Other wood products Sawmill products 
31 0.0788 Plaster and other concrete products Cement, lime and concrete slurry 
32 0.0770 Other mining 
33 0.0658 Paints Basic chemicals 
34 0.0642 Other property services Other property services
35 0.0623 Household appliances Other electrical equipment 
36 0.0592 Other wood products Other wood products 
37 0.0526 Cement, lime and concrete slurry Other mining 
38 0.0518 Other machinery and equipment 
39 0.0505 Accommodation, cafes and restaurants 
40 0.0492 Plaster and other concrete products Road transport 
41 0.0475 Sawmill products Sawmill products 
42 0.0461 Ceramic products Road transport 
43 0.0461 Sawmill products Road transport 
44 0.0429 Other wood products Basic chemicals 
45 0.0418 Agricultural, mining and construction machinery 
46 0.0416 Structural metal products Structural metal products 
47 0.0414 Other wood products Road transport 
48 0.0410 Textile products 
49 0.0408 Legal, accounting, marketing and business 

management services 
50 0.0408 Sheet metal products Iron and steel 
51 0.0393 Household appliances Iron and steel 
52 0.0373 Road transport Road transport 
53 0.0365 Other business services 
54 0.0358 Fabricated metal products Basic non-ferrous metal and products 
55 0.0354 Household appliances Household appliances
56 0.0350 Sawmill products Forestry and logging 
57 0.0286 Plaster and other concrete products Iron and steel 
58 0.0284 Structural metal products Fabricated metal products 
59 0.0277 Wholesale trade Road transport 
60 0.0271 Plastic products Basic chemicals 
61 0.0263 Mechanical repairs 
62 0.0256 Basic non-ferrous metal and products 
63 0.0243 Other wood products Wholesale trade 
64 0.0242 Other non-metallic mineral products Road transport 
65 0.0241 Other electrical equipment Basic non-ferrous metal and products 
66 0.0226 Structural metal products Basic non-ferrous metal and products 
67 0.0226 Glass and glass products 
68 0.0224 Other machinery and equipment Iron and steel 
69 0.0222 Sheet metal products Basic non-ferrous metal and products 

Bold pathways, and those upstream from them, were replaced with process-based hybrid analysis figures in the case 
study. Italicised pathways include those incorporated in process-based hybrid analysis figures. These were not 
deducted from the IO model, as these were automatically deducted when the over-arching pathway is deducted. 
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