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Executive summary 

Changes in industrial CO2 emissions and energy use over time are driven by a range of 
factors, of which improvement to the energy efficiency of production is only one, and not 
necessarily the most significant. In order to assess the extent to which industry has 
successfully abated emissions through efficiency improvements it is therefore necessary to 
quantify all the drivers. The Committee on Climate Change (CCC) has previously identified 
this issue in its progress report to Parliament in 20131.  

The ultimate purpose is to gain some insight into the way in which changes to the energy 
intensity of industry (the energy used for a given level of production) have impacted the 
change to carbon emissions.  

We have reviewed the available data and methods for carrying out a top-down 
disaggregation of the key drivers behind industrial energy use and CO2 emissions over the 
period 1992 to 2011. While no method is perfect we have concluded that the widely used Log 
Mean Divisia Index (LMDI) approach is the most suitable for this purpose with the data 
available. Office for National Statistics (ONS) data has been used for energy, emissions and 
financial performance of industry to the deepest level of disaggregation of industry possible, 
chiefly to SIC2007 2-digit codes, though with some to 3-digit. We have used Gross Value 
Added (GVA) as a proxy for production. 

Results have been generated for UK Manufacturing industry as a whole and for each of the 
eight major industrial sectors. These have been discussed with sector representatives and, 
where possible, compared to results using industry data. The overall findings are that, while 
there are issues to be addressed in terms of data quality and validity for some sectors, the 
analysis using GVA is broadly comparable to results obtained with volume of production 
data, at the high level of this analysis. 

Continuing this analysis into the future will allow comparison of the contribution of the energy 
intensity driver to emissions changes with the industry trajectories developed by the 
Committee on Climate Change. This will give some indication as to whether industrial energy 
efficiency is improving as much as required, though it should be remembered that energy 
intensity is only a proxy for technical efficiency and it also includes the effects of changing 
product mix and utilisation of plant and equipment. To identify the full effect of product mix 
changes would require data at a much more disaggregated level of product than is currently 
available, so it is important that changes to energy intensity going forward are informed by 
continued dialogue with industry sectors to understand what changes to capacity utilisation 
and product mix are taking place. 

The table below shows the high level results for all UK Manufacturing in terms of the 
compound annual growth rate (CAGR) of change of CO2 emissions and the contribution to 
this of each driver modelled. The table compares the results for the period 1992-2007 with 
those for 2007-2011, which demonstrates the effect of the recession from 2008. The impact 
of changing energy intensity is estimated to have been a reduction in CO2 emissions of about 
1% per annum before the recession. Since 2007, however, the change in energy intensity 
has resulted in a slight increase in emissions. It is important to note that this does not 
necessarily equate to deterioration in technical energy efficiency, as energy intensity will 
have been significantly affected by the level of plant utilisation during the recession. 

The effects shown in the table include: 

 Output effect – the effect of overall changes in output of all industries covered 

 Structural effect – the effect of changing shares of output of different sectors 

 Energy intensity effect  – the effect of changing energy per unit output in each sector 

                                                
1
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 Fuel Mix effect – the effect of changing mix of fuels per unit output in each sector 

 Fuel Factor effect - the effect of changing emissions factors of fuels 

 Process Emissions – the contribution of process emissions to the overall change 

Table of Drivers of CO2 Emissions 

Driver 1992-2007 2007-2011 

Output effect 0.86% -2.02% 

Structural effect -0.11% -1.62% 

Energy Intensity effect -1.33% 0.37% 

Fuel Mix effect 0.05% 0.50% 

Fuel Factor effect -0.46% -1.21% 

Process Emissions 0.04% -0.52% 

Change in CO2 (CAGR) -0.94% -4.49% 

Note that the figures for each driver are not themselves compound annual growth rates (CAGR) but just that 
driver’s share of the total. Compound annual growth rates are not additive. 

At the level of the major industry sectors there are distinct differences in the results and it is 
possible to see groups of sectors where the experience since 2007 has been similar. 
Discussions with the sectors have provided some indication of the factors behind these 
results. 

Output down, energy intensity higher – in the chemicals, refineries and ceramics & glass 
sectors, there has been a significant fall in output and at the same time energy intensity has 
increased since 2007. In all of these sectors there has been under utilisation of plant during 
the recession as operators have either been unable or unwilling to rationalise and this has 
been the main cause of the increased energy intensity. In all cases there are now signs of 
recovery. 

Output down, energy intensity little changed – in the steel, paper and motor industries 
there has been a fall in output but energy intensity has not changed by a large amount. In 
these cases the output fall has totally dominated emissions changes (as in steel) or other 
effects have reduced intensity. These may include rationalisation or a change in product mix. 

Output down, energy intensity down – in the Cement & Lime sector both output and 
energy intensity have fallen. The energy intensity here has been affected by a product mix 
change towards less intensive cement production. 

Output up, energy intensity down – food & drink is unique among the major sectors in 
showing an increase in output from 2007 to 2011 (although output did fall early in the 
recession). In this sector there has been considerable rationalisation of plant, which will have 
reduced energy intensity and improved utilisation. 

In addition to this high-level analysis, a variety of other potential drivers of emissions have 
also been considered, using some of the other data sources available. These include 
potential impact of weather effects, employee and enterprise numbers and materials 
purchase. Overall the conclusion to this further analysis is that more detailed data would be 
required to determine whether and how much these effects are significant but there is scope 
for further study. 
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1 Introduction 

Changes in industrial CO2 emissions and energy use over time are driven by a range of 
factors, of which improvement to the energy efficiency of production is only one, and not 
necessarily the most significant. In order to assess the extent to which industry has 
successfully abated emissions through efficiency improvements it is therefore necessary to 
quantify all the drivers. The Committee on Climate Change (CCC) has previously identified 
this issue in its progress report to Parliament in 20132.  

The ultimate purpose is to gain some insight into the way in which changes to the energy 
intensity of industry (the energy used for a given level of production) have impacted the 
change to carbon emissions. This gives a proxy for the efficiency with which industry uses 
energy but it should be noted that “energy intensity” covers a range of effects including 
technical efficiency but also the effect of changing product mix and the level of utilisation of 
plant and equipment (particularly where there is a significant base load of energy). 

This report details the results of a project to investigate the drivers of CO2 emissions and 
energy use in UK industry historically, and to develop a tool for the CCC to use in future to 
assess whether industrial energy efficiency improvements are delivering the abatement that 
has been identified as necessary for the Carbon Budgets to be met. 

The starting point was to identify the data available to support our driver decomposition 
analysis and to identify a suitable methodology. This process is described in the first part of 
the report, followed by a discussion of the results for manufacturing industry overall and for 
each of the major industrial sectors.  

The report concludes with a description of the issues identified that affect the results of the 
analysis, particularly any weaknesses in the under-pinning data sources, and provides 
recommendations for future improvement. 

 

                                                
2
 “Meeting Carbon Budgets – 2013 Progress Report to Parliament” http://www.theccc.org.uk/publication/2013-progress-report/  

http://www.theccc.org.uk/publication/2013-progress-report/


Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

2 Approach 

The first stage of this project was to carry out, in parallel, a review of the available 
methodologies for the analysis and a review of the data sources available to support it. 
Figure 1 summarises the project approach and each part is discussed in detail below. 

 

2.1 Methodology 

A number of different methods have been developed to carry out an analysis of the drivers of 
change. Several of these have been used to carry out a decomposition of the drivers of CO2 
emissions and energy use changes, particularly in the last four decades, but all have their 
own strengths and weaknesses. 

In order to identify the most appropriate method for analysis for this project a literature 
search and review was carried out. This review considered over 70 academic and other 
published works and the full details are given in Appendix 1. The purpose of the review was 
to identify the methods available and to draw conclusions on their suitability by considering 
them against the following criteria: 

 Complexity of method – how easy is the underlying theoretical and mathematical complexity 

to understand? 

 Data volumes and availability – what types of data are required to implement the method 

and are they readily available on a consistent basis? 

 Accuracy and robustness – how accurate is the method and is it repeatable? 

 Ease of use and maintenance – how easy is it to implement the method in a practical and 

reproducible way (for example in an Excel spreadsheet)? 

 Ease of interpretation – how easy is it to understand and explain the results using the 

method, in particular to non-mathematical audiences? 

Literature 
Review and 

Method 
Selection 

Data 
sources 

and 
selection 

1st Stage 
Analysis 

2nd Stage 
Analysis 

Results 

Figure 1: Project Approach 
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 Adaptability and suitability – is the method suitable for this particular project or can it be 

adapted easily to be so? 

 Extent of use worldwide – has the method been widely used for similar studies in the UK and 

worldwide (giving confidence in its suitability and allowing for comparison)? 

 Ease of triangulation – can the results using the method be easily compared to other 

published studies? 

 Relevance – the overall relevance of the method as a result of all the criteria above 

Overall the review considered 15 different methods for carrying out the decomposition of 
drivers. These broadly fit into two main types (with a few additional ones). These are: 

 Index Decomposition Analysis (IDA) – the most widely used methods that carry out a ‘top-

down’ approach at the level of entire industries or sectors. These methods have the general 

advantage that they can be used where limited statistical data is available but the 

disadvantage that they can be simplistic and do not completely separate the effects of 

energy efficiency improvements. 

 Structural Decomposition Analysis (SDA) – methods which involve a ‘bottom-up’ approach 

with a very detailed analysis of inputs and outputs to industries. These methods can capture 

detailed changes but can be very time-consuming to implement and rely on the availability of 

good quality and highly-detailed data. 

A number of methods were discounted because they were either too complex or because 
they have been superseded by other methods. The review is summarised in Figure 2 (full 
details are in Appendix 1) with the colours indicating ratings against criteria. 

Figure 2: Summary of Review of Methods 
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The outcome of the review indicates that the most relevant method available is the “Log 
Mean Divisia Index I” (referred to as LMDI in the rest of this report) method. This method was 
formalised in a paper by Ang and Liu in 20013 and it has been widely used in similar studies 
since then, including work to look at industrial emissions in the UK and Australia. 

The detailed mathematics behind LMDI is described in Appendix 2. The method has several 
major advantages for this type of study, although like all the methods reviewed it does have 
some disadvantages. 

In summary, the additive version of the method employed here, breaks down the change in 
emissions over time into a series of factors, which add together to make up the overall 
change. These factors commonly include: 

 Output effect – the effect of overall changes in output of all industries covered 

 Structural effect – the effect of changing shares of output of different sub-sectors 

 Energy intensity – the effect of changing energy per unit output in each sub-sector 

 Fuel effects – the effect of changing mix of fuels per unit output in each sub-sector 

 Emission factors - the effect of changing emissions factors of fuels 

The exact mix of factors can be varied however depending on the needs of the analysis and 
the data available to support it. 

The most important advantage of the LMDI approach is that it gives a ‘perfect decomposition’ 
of the change in emissions or energy use into each of the drivers modelled. In other words, 
no ‘residual’ term is left over (as with some of the other approaches) which cannot be easily 
understood or explained. The counter to this is that each driver may disguise various affects 
and a change in underlying conditions may affect several or all of them at once. For example, 
a reduction in output from one industry sector may affect all of the factors described above.  

The ‘energy intensity’ term in particular will include not just the energy efficiency in terms of 
energy per unit of product but will also be affected by structural effects below the 2 digit SIC 
code level, changes in product mix or the level of plant utilisation. This means that the 
change in energy intensity may not reflect the change in technical efficiency over a certain 
period of time. This is particularly likely to be the case during a recession, when the effects of 
under-utilisation of plant may result in an increase in energy intensity and mask any 
underlying changes to technical efficiency. This issue is due to the data available and affects 
all methods of decomposition, so is not really a disadvantage of the LMDI approach. 

The main disadvantage to using LMDI is that the method, being based on (natural) 
logarithms, cannot deal with zero or negative values in the source data, which methods that 
do not rely on logarithms can handle. In practice negative values are very unlikely to occur in 
energy, emissions or production data, and there are ways to deal with zero values, described 
in more detail in Appendix 2, which includes a detailed numerical example of the approach.  

Overall the advantages of the LMDI approach significantly outweigh any disadvantages, in 
particular its ease of use and the extent to which it has been used elsewhere, which makes 
comparison with other studies straightforward.   

2.2 Data Sources 

For this project the goal was to analyse the impact of the different drivers of CO2 emissions 
and energy use for manufacturing industry in the UK. To do this data are required that can 
support the analysis and that, in particular, meet the following criteria: 

 Reliable – is the data accurate enough? 

 Publically available – is the data freely available without issues of confidentiality? 

                                                
3
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 Consistently available over a period of time – is the data reported regularly, e.g. annually? 

 Available in the future – is the data likely to be updated into the future? 

 Consistent across all industrial sectors – is data for each sector for emissions, energy and 

production reported in the same way and in consistent units? 

 Disaggregated as far as possible – is the data available at least to 2-digit SIC code or better 

(see below)? 

 All data available at the same level – are data for emissions, energy and production all 

available for each sector? 

Appendix 3 describes in detail all of the data sources that were identified and examined to 
support this exercise, with a review of each against the criteria above. 

No data available completely meets all of the criteria and a compromise is needed in 
selecting the most suitable for analysis. The most significant issue is that, for most industry 
sectors, there is no regular published data on volumes of production, e.g. in tonnes of 
product (although there are notable exceptions). For this reason a proxy has to be used. This 
is an issue that has been encountered by many researchers in both the UK and elsewhere. 

For the purposes of this study Gross Value Added (GVA) has been used as a proxy for 
industrial output. This has the advantage that data for GVA is published each year by the 
Office for National Statistics (ONS) to at least 2-digit Standard Industrial Classification (SIC) 
codes. The disadvantage of GVA as a measure is that it is subject to other factors in addition 
to overall output. GVA includes the profitability of industry, which is subject to variation 
through effects such as economic recession. This may result in a squeeze on profits giving a 
bigger fall in GVA than the fall in production. 

GVA data is published in current prices each year (i.e. the actual price in the year) but can be 
converted into constant prices using the Index of Production (IoP) data also published by the 
ONS. The majority of the data used to compile the IoP comes from the Monthly Business 
Survey, which samples about 30,000 businesses from the estimated 1.24 million in UK 
production and services industries. A detailed description is given in “A Guide to the Index of 
Production” available on the ONS website4. Although this is a large sample there are likely to 
be some errors introduced where sampled business are not necessarily representative of a 
whole sector. 

The ONS publishes data on CO2 emissions and energy use alongside financial data. This 
data comes from the annual UK Greenhouse Gas Inventory (GHGI) Environment Accounts. 
It is recognised that this data will not be exactly the same as some other energy data 
published by UK Government (e.g. in the Digest of UK Energy Statistics (DUKES) and the 
UK National Air Emissions Inventory (NAEI) used for the carbon budgets) but it has the 
advantage of being available for the same split of SIC codes as the financial data published 
by the ONS, meeting the last of the criteria above. A detailed description of the differences in 
the data sources is given in Appendix 3. 

Data is available at this level from 1990 to 2011 currently5. Data for 2012 is due to be 
published later in 2014. 

The split of industries modelled in this project is listed in Table 1 below in SIC2007 codes. 
Data is available for this disaggregation from 1997 onwards. For the years 1992-1996 data is 
available in SIC2003 codes and this has been mapped to the SIC2007 breakdown as closely 
as possible. 
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https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.ons.gov.
uk%2Fons%2Fguide-method%2Fmethod-quality%2Fspecific%2Feconomy%2Findex-of-production%2Fa-guide-to-the-index-of-
production.pdf&ei=s7GiU5j9JKKM7AbFm4HoDw&usg=AFQjCNGfE6WxxPkxQ5c2ZfH4-4RPHeP0lg&sig2=d_peDKXw4j7r-
Qzo3J9idg&bvm=bv.69411363,d.ZGU  
5
 Note that sub-sector data is only available from 1992. 

https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.ons.gov.uk%2Fons%2Fguide-method%2Fmethod-quality%2Fspecific%2Feconomy%2Findex-of-production%2Fa-guide-to-the-index-of-production.pdf&ei=s7GiU5j9JKKM7AbFm4HoDw&usg=AFQjCNGfE6WxxPkxQ5c2ZfH4-4RPHeP0lg&sig2=d_peDKXw4j7r-Qzo3J9idg&bvm=bv.69411363,d.ZGU
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.ons.gov.uk%2Fons%2Fguide-method%2Fmethod-quality%2Fspecific%2Feconomy%2Findex-of-production%2Fa-guide-to-the-index-of-production.pdf&ei=s7GiU5j9JKKM7AbFm4HoDw&usg=AFQjCNGfE6WxxPkxQ5c2ZfH4-4RPHeP0lg&sig2=d_peDKXw4j7r-Qzo3J9idg&bvm=bv.69411363,d.ZGU
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.ons.gov.uk%2Fons%2Fguide-method%2Fmethod-quality%2Fspecific%2Feconomy%2Findex-of-production%2Fa-guide-to-the-index-of-production.pdf&ei=s7GiU5j9JKKM7AbFm4HoDw&usg=AFQjCNGfE6WxxPkxQ5c2ZfH4-4RPHeP0lg&sig2=d_peDKXw4j7r-Qzo3J9idg&bvm=bv.69411363,d.ZGU
https://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CCAQFjAA&url=http%3A%2F%2Fwww.ons.gov.uk%2Fons%2Fguide-method%2Fmethod-quality%2Fspecific%2Feconomy%2Findex-of-production%2Fa-guide-to-the-index-of-production.pdf&ei=s7GiU5j9JKKM7AbFm4HoDw&usg=AFQjCNGfE6WxxPkxQ5c2ZfH4-4RPHeP0lg&sig2=d_peDKXw4j7r-Qzo3J9idg&bvm=bv.69411363,d.ZGU
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Table 1: Industry Sectors Modelled 

C MANUFACTURING 

CA Manufacture of Food Beverages and Tobacco 

10.1 Processing & preserving of meat & production of meat products 

10.2-3 Processing & preserving of fish, crustaceans, molluscs, fruit & vegetables 

10.4 Manufacture of vegetable and animal oils and fats 

10.5 Manufacture of dairy products 

10.6 Manufacture of grain mill products starches & starch products 

10.7 Manufacture of bakery and farinaceous products 

10.8 Manufacture of other food products 

10.9 Manufacture of prepared animal feeds 

11.01-6 Manufacture of alcoholic beverages 

11.07 Manufacture of soft drinks; production of mineral & other bottled waters 

12 Manufacture of tobacco products 

CB Manufacture of textiles, wearing apparel and leather products 

13 Manufacture of textiles 

14 Manufacture of wearing apparel 

15 Manufacture of leather and related products 

CC Manufacture of wood and paper products and printing 

16 Manufacture of wood, straw articles, wood/cork products except furniture 

17 Manufacture of paper and paper products 

18 Printing and reproduction of recorded media 

CD (19) Manufacture of coke and refined petroleum products 

CE Manufacture of chemicals and chemical products 

20.11/13/15 Manufacture of industrial gases inorganics & fertilisers 

20.14/16/17/60 Manufacture of petrochemicals 

20.12/20 Manufacture of dyestuffs agro-chemicals 

20.3 Manufacture of paints, varnishes, similar coatings, printing ink/mastics 

20.4 Manufacture of soap, detergents, polishing, perfumes, toilet preparations 

20.5 Manufacture of other chemical products 

CF (21) Manufacture of basic pharmaceutical products & pharmaceutical preparations 

CG Manufacture of rubber, plastics products & other non-metallic mineral products 

22 Manufacture of rubber and plastic products 

23.1-4/7-9 Manufacture of glass, clay, porcelain, ceramic, stone products 

23.5-6 Manufacture of cement, lime, plaster; concrete, cement, plaster articles 

CH Manufacture of basic metals and metal products 

24.1-3 Manufacture of basic iron and steel 

24.4-5 Manufacture of other basic metals and casting 

25.1-3/5-9 Manufacture of fabricated metal excl. weapons/ammunition 

25.4 Manufacture of weapons and ammunition 

CI (26) Manufacturing of computer electronic & optical products 

CJ (27) Manufacture of electrical equipment 

CK (28) Manufacture of machinery and equipment not elsewhere classified 

CL Manufacture of transport equipment 
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29 Manufacture of motor vehicles trailers and semi-trailers 

30.1 Building of ships and boats 

30.3 Manufacture of air and spacecraft and related machinery 

30.2/4/9 Manufacture of other transport equipment 

CM Other manufacturing and repair 

31 Manufacture of furniture 

32 Other Manufacturing 

33.15 Repair and maintenance of ships and boats 

33.16 Repair and maintenance of aircraft and spacecraft 

33.11-14/17/19/20 Rest of repair; Installation 

 

As can be seen in the table, for some of the larger sectors disaggregation is possible to 3 
and even groups of 4-digit SIC codes in places, while for others it is only possible to 2-digits. 

Finally, it is important to note that there are some concerns expressed by industry and others 
about the reliability and accuracy of the ONS data. This is due to the sampling techniques 
used, which for some sectors with a small number of operators may result in misleading 
results if only a few of those operators participate. As part of this project the major industry 
sectors have been consulted and some have provided their own data, which has been used 
to carry out comparisons with the analysis based on GVA. This is described in detail in 
section 3. 

2.3 The Analysis 

Having identified the most suitable method and obtained the necessary data, the analysis 
has been carried out in two stages. The first stage is a basic disaggregation to the most 
commonly used drivers for CO2 emissions and energy use. The second stage involves a 
more detailed examination of specific key industries. 

2.3.1 First Stage of Analysis 

For the first stage, the LMDI method has been employed with the ONS GVA, emissions and 
energy data for the sector breakdown outlined above, to give decomposition to the following 
drivers. The decomposition has been carried out at the level of all Manufacturing and also, as 
far as possible, for each sub-sector. 

 Output effect – the effect of overall change in output (GVA) 

 Structural effect – the effect of changing shares of output from different sectors (only valid 

for all Manufacturing and for sectors with sub-sectors, e.g. food, drink and tobacco) 

 Energy intensity – the effect of changing energy per unit output (GVA) over time 

 Fuel mix – the effect of changing mix of fuels used in each sub-sector over time 

 Emission factor – the effect of changing emissions factors for different fuels in each sub-

sector over time 

 Process emissions – the effect of changing process emissions (in CO2 equivalent) over time.  

These emissions are affected by changes in output, product mix and manufacturing 

processes. Although we have not made any statistical determination of why these have 

changed over time, we have stated what may be the prominent cause after discussion with 

sector representatives (this is most relevant to the cement sector from 2007-2011, see 

3.2.5.) 
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The LMDI method has been applied in a ‘chained’ fashion, calculating the decomposition for 
the change between consecutive years (e.g. 2000 to 2001) and adding to produce the 
cumulative effect over a longer time period (e.g. 1996 to 2011). The results are presented in 
detail in section 3.  

The results have also been presented by calculating the compound annual growth rate 
(CAGR) of the change in CO2 emissions between two dates and apportioning this between 
the drivers according to their share of the cumulative change. The following simple example 
illustrates this, assuming there are just two factors: 

 Total % change in CO2 emissions over 15 years =  -40% 

 Change due to the output effect =   -15% 

 Change due to the energy intensity effect =  -25% 

The compound annual growth rate for the change in CO2 emissions is given by: 

 CAGR = (1 + total % change)^(1/number of years) -1 = (1 – 40%)^(1/15) -1 = -3.35% 

i.e. the total change is equivalent to a change of -3.35% year on year. 

The contribution of each driver to this is given by: 

 Contribution of output effect = (-15% / -40%) x -3.35% = -1.26% 

 Contribution of energy intensity effect = (-25% / -40%) x -3.35% = -2.09% 

It should be noted that this is an approximation and these contributions are not compound annual 
growth rates themselves. It is not mathematically possible to ‘add’ compound annual growth rates. 

2.3.2 Second Stage Analysis 

For the second stage of the analysis a variety of other potential drivers of emissions have 
been considered, using some of the other data sources available. A description of these is 
given in detail in Appendix 5. In some cases the results of the analysis were inconclusive. 

For the key industry sectors discussions have been held with sector representatives to 
review the results of the analysis and to obtain further information. Appendix 4 contains a 
brief narrative of the history of each of these sectors impacting on their emissions. Some of 
the sectors have also provided additional data, in particular on volumes of throughput, which 
have been used to generate comparisons to the results from the GVA-based analysis. This is 
described in detail for each sector in section 3. 
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3 Findings 

3.1 Overall Results 

In this section the results from the analysis are presented, first for manufacturing as a whole 
and then for each of the key industry sectors in turn. 

Figures 3 to 6 below show the results of the analysis for all manufacturing together over two 
time periods: 1992 to 2007 and 2007 to 2011. The latter period is of interest as it covers the 
significant impact of the recession that began in 2008 and is also concurrent with the 
modelling of industry emissions trajectories by the CCC. 

For each period two charts are shown. The first is a line chart showing the cumulative effect 
of each of the drivers of CO2 emissions from the start year and the second is a ‘waterfall’ 
chart showing the compound annual growth rate in emissions over the period apportioned to 
the different drivers (as described in section 2.3.1). 

1992 – 2007 

Figure 3 – Cumulative Change for All Manufacturing 1992-2007 
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Figure 4 – Compound Annual Growth Rate All Manufacturing 1992-2007 

 

These figures for 1992 to 2007 show the importance of the change in fuel factor (principally 
for electricity) as part of the fall in overall CO2 emissions from industry over this period. 
Emissions are shown to have increased due to the change in overall output. The other 
drivers have a minimal effect, with the exception of energy intensity, which is the dominant 
driver, pushing emissions down. 
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2007 – 2011 

Figure 5 – Cumulative Change for All Manufacturing 2007-2011 

 

 

Figure 6 – Compound Annual Growth Rate All Manufacturing 2007-2011 
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have actually increased emissions over this time period. The majority of process emissions 
come from the cement sector and after discussions with the sector representatives, the 
reductions appear to be due to reduced output (see section 3.2.5).  

The structural effect marks a significant shift of production between sectors, as shown in 
Figure 7 below, which shows a waterfall chart of the changes. It can be seen here that there 
has been a significant shift in production away from carbon intensive sectors like chemicals, 
paper, basic metals and non-metallic minerals to some of the less carbon intensive sectors 
and, particularly, to food and drink (which tends to be least affected by recessions). 

 

Figure 7 – Structural Effect on All Manufacturing Emissions 2007-2011 

 

Table 2 below compares the values from the waterfall charts for each driver for the two time 
periods above. It can be seen that changes to energy intensity cease after 2007 (and indeed 
result in an increase in emissions). This does not necessarily equate to the effect of technical 
energy efficiency changes however, as energy intensity may also change as a result of 
product mix or other effects. Thus the technical energy efficiency may have been higher or 
lower than the energy intensity effect estimated here. More specific process data, information 
and measures are needed to help further determine the impact of technological or 
behavioural energy efficiency improvement. This is discussed in more detail for each of the 
major sectors in the next section. 
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Table 2 – Comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect 0.86% -2.02% 

Structural effect -0.11% -1.62% 

Energy Intensity effect -1.33% 0.37% 

Fuel Mix effect 0.05% 0.50% 

Fuel Factor effect -0.46% -1.21% 

Process Emissions 0.04% -0.52% 

Change in CO2 (CAGR) -0.94% -4.49% 

 

3.2 Key Industry Sectors 

In this section we present the results for each of the major industrial sectors. This analysis 
concentrates on the results for the period 2007 to 2011. For each sector the findings are first 
given from the analysis using GVA as a proxy for production. This is followed by additional 
analysis using actual production data from the individual sector where this is possible. 
Further information about each sector is given in Appendix 4. 

Figure 8 shows the relative size of each of the major sectors discussed below, showing their 
share of the overall emissions in 2011. The remaining share is shown as ‘Other’. 

Figure 8 Share of Total Industrial Emissions from the Major Sectors 
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3.2.1 Chemicals 

The manufacture of chemicals and chemical products is one of the largest sectors of UK 
industry and the ONS data is split into six sub-sectors, plus an additional sector for basic 
pharmaceuticals: 

CE Manufacture of chemicals and chemical products 

20.11/13/15 Manufacture of industrial gases inorganics & fertilisers 

20.14/16/17/60 Manufacture of petrochemicals 

20.12/20 Manufacture of dyestuffs agro-chemicals 

20.3 Manufacture of paints, varnishes, similar coatings, printing ink/mastics 

20.4 Manufacture of soap, detergents, polishing, perfumes, toilet preparations 

20.5 Manufacture of other chemical products 

CF Manufacture of basic pharmaceuticals 

 

For the purpose of our analysis below, we have treated all of this as one sector. 

 

3.2.1.1 Output from the GVA-based analysis 

Figures 9 and 10 below show the output of the GVA-based analysis for 2007-2011.  

 

 

 

 

Figure 9 – Cumulative Change for Chemicals 2007-2011 
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Figure 10 – Compound Annual Growth Rate Chemicals 2007-2011 

 

Table 3 compares these results to those for the same sector for 1992-2007. It can be seen 
that there has been a significant change in 2007-2011 from the earlier period. The change in 
energy intensity is now pushing emissions up. This may include the effects of a sharp fall in 
output resulting in under utilisation of plant, plus the possible effect of various product mix 
changes in this sector, as described in Appendix 4. It can also be seen that throughout the 
entire period there has been a continual shift from sub-sectors with high emissions to those 
with low emissions (the structural effect) and a shift in fuel usage to lower emission fuels. 
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Energy Intensity effect -2.15% 2.23% 

Fuel Mix effect -0.56% -0.02% 

Fuel Factor effect -0.19% -1.60% 

Process Emissions 0.00% 0.02% 

Change in CO2 (CAGR) -0.33% -4.67% 
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pharmaceuticals for final consumption). Over the period from 1990-2011 there has been a 
shift in product mix as the production of consumer chemicals in the UK has grown faster than 
basic chemicals, with production of the latter tending to move overseas. This has led to a 
significant reduction in non-CO2 greenhouse gas process emissions from the sector but will 
have tended to increase energy intensity as the UK industry concentrates on the more 
complex products. Energy intensity has shown an increase during the recession from 2008. 
This is likely to be mainly due to reduced utilisation of plant, with the energy base load 
distributed over a smaller volume of production.  

The chemicals sector has a long-standing Climate Change Agreement (CCA). This covers 
only part of the sector, focussing on basic chemicals and not including industrial gases, 
which have a separate CCA. The Chemicals CCA covered approximately 65% of the energy 
of the Chemical sector as modelled here, during the first phase of the scheme from 2000-
2010, (although this varied over time as the number of participants changed). The 
performance of this sector under CCA is reported using an energy efficiency ratio with a 
baseline value of 1.0 in 1998. This ratio shows, for each reporting year, the ratio of the 
energy used in that year to the energy that would have been used in the base year for the 
same mix of products. Table 4 below compares the CCA results as reported in the CCA fifth 
milestone report in 2011 with the energy intensity factor from this study, also indexed to 1.0 
in 1998. These figures are also shown graphically in Figure 11. Whilst the values are 
different, the overall trend is similar. 

Table 4 Comparison of Chemicals CCA to Energy Intensity driver 

CCA reporting year CCA result EI Driver 

1998 (baseline) 1.000 1.000 

2002 0.855 0.909 

2004 0.805 0.852 

2006 0.799 0.737 

2008 0.814 0.728 

2010 0.794 0.863 

 

Figure 11 Comparison of Chemicals CCA to Energy Intensity driver 

 

 

0.6

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

Chemicals CCA vs EI Driver

EI Driver

CCA



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

3.2.2 Refineries 

The Refineries sector is included in the ONS data for SIC2007 code 19, which also includes 
coke production. Refineries make up about half of the energy use in this group (based on 
more detailed data for subsector 19.2 “Manufacture of refined petroleum products”). 

3.2.2.1 Output from the GVA-based analysis 

Figures 12 and 13 below show the output of the GVA-based analysis for 2007-2011.  

 

Figure 12 – Cumulative Change for SIC 17 2007-2011 
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Figure 13 – Compound Annual Growth Rate SIC 17 2007-2011 

 

Table 5 compares these results to those for the same sector for 1992-2007. It can be seen 
that there has been a significant change in 2007-2011 from the earlier period. The change in 
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Fuel Mix effect 1.11% 0.40% 

Fuel Factor effect -0.23% -0.60% 

Process Emissions 0.00% 0.00% 

Change in CO2 (CAGR) -1.27% 0.86% 

 

-5.00%

-4.00%

-3.00%

-2.00%

-1.00%

0.00%

1.00%

2.00%

3.00%

4.00%

5.00%
%

 C
u

m
 o

u
tp

u
t 

ef
fe

ct
 (

-1
.9

4
%

)

%
 C

u
m

 F
u

el
 F

ac
to

r 
ef

fe
ct

 (
-0

.6
%

)

%
 C

u
m

 P
ro

ce
ss

 E
m

is
si

o
n

s 
ef

fe
ct

 (
0

%
)

%
 C

u
m

 F
u

el
 M

ix
 e

ff
ec

t 
(0

.4
%

)

%
 C

u
m

 E
I e

ff
e

ct
 (

3
%

)

%
 C

u
m

 C
O

2
 c

h
an

ge
 (

0
.8

6
%

)

CAGR change between 2007 and 2011 for CD - Manufacture of coke and 
refined petroleum product



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

3.2.2.2 Analysis using sector data 

Data on petroleum production in the UK is published as part of the annual Digest of UK 
Energy Statistics (DUKES). Figure 14 below shows a comparison of the production of 
petroleum to the GVA figures used above for SIC2007 sector 19. As can be seen in this 
figure, whilst the charts follow very similar forms, there is a decoupling of GVA from 
production particularly in recent years. This may correspond to pressure on profitability in the 
sector during the recession. 

Figure 14 Petroleum production vs GVA 
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Figure 15 – Compound Annual Growth Rate based on Petroleum Production Data 
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3.2.3 Steel 

The iron & steel sector is included in the ONS data for SIC2007 24.1-3 “Manufacture of basic 
iron & steel”. There will also be some wider iron & steel activity in other sub-sectors but this 
group includes the major steel producing sites. 

3.2.3.1 Output from the GVA-based analysis 

Figures 16 and 17 below show the output of the GVA-based analysis for 2007-2011.  

Figure 16 – Cumulative Change for SIC 17 2007-2011 
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Figure 17 – Compound Annual Growth Rate SIC 17 2007-2011 

 

Table 6 compares these results to those for the same sector for 1992-2007. It can be seen 
that there has been a sharp reduction in emissions in 2007-2011. This is driven almost 
entirely by the fall in output of the sector. This continues the picture seen since 1992, with 
reductions in CO2 emissions almost entirely due to production falls and with only minor 
effects from the other drivers. 

Table 6 – Steel: comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect -0.78% -9.63% 

Energy Intensity effect 0.40% -1.36% 

Fuel Mix effect -0.27% 0.37% 

Fuel Factor effect 0.10% 0.61% 

Process Emissions -0.05% -0.55% 

Change in CO2 (CAGR) -0.60% -10.56% 

 

3.2.3.2 Analysis using sector data 

Data for crude steel production in the UK is published by the Iron and Steel Statistics Bureau 
(ISSB) along with production by other countries. This data is published in million tonnes of 
crude steel produced. Figure 18 shows how the production of iron and steel compares to the 
GVA data for SIC2007 section 24.1-3. It can be seen that there is a very close match for 
most recent years, though not so good in the early 1990s. 

 

 

 

-25.00%

-20.00%

-15.00%

-10.00%

-5.00%

0.00%

5.00%

%
 C

u
m

 F
u

el
 F

ac
to

r 
ef

fe
ct

 (
0.

6
1

%
)

%
 C

u
m

 F
u

el
 M

ix
 e

ff
ec

t 
(0

.3
7%

)

%
 C

u
m

 P
ro

ce
ss

 E
m

is
si

o
n

s 
ef

fe
ct

 (
-0

.5
5

%
)

%
 C

u
m

 E
I e

ff
e

ct
 (

-1
.3

6%
)

%
 C

u
m

 o
u

tp
u

t 
ef

fe
ct

 (
-9

.6
3

%
)

%
 C

u
m

 C
O

2
 c

h
an

ge
 (

-1
0

.5
6

%
)

CAGR change between 2007 and 2011 for 24.1-3 - Manufacture of basic iron 
and steel



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

Figure 18 – Production of Crude Steel vs GVA 

 

In Figure 19 below the LMDI analysis has been repeated for the sector using the crude steel 
production data in place of the GVA data. 

Figure 19 LMDI for Iron & Steel using crude steel production data 

 

The results here are very similar to those based on GVA, with a slightly larger drop in 
emissions due to output effects and a smaller drop due to energy intensity improvement, 
indicating overall that for this sector GVA is a good proxy for throughput for the purposes of 
this analysis. 
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3.2.4 Food & Drink 

The manufacture of food, drink and tobacco products is one of the largest sectors of UK 
industry and the ONS data is split into eleven sub-sectors: 

CA Manufacture of Food Beverages and Tobacco 

10.1 Processing & preserving of meat & production of meat products 

10.2-3 Processing & preserving of fish, crustaceans, molluscs, fruit & vegetables 

10.4 Manufacture of vegetable and animal oils and fats 

10.5 Manufacture of dairy products 

10.6 Manufacture of grain mill products starches & starch products 

10.7 Manufacture of bakery and farinaceous products 

10.8 Manufacture of other food products 

10.9 Manufacture of prepared animal feeds 

11.01-6 Manufacture of alcoholic beverages 

11.07 Manufacture of soft drinks; production of mineral & other bottled waters 

12 Manufacture of tobacco products 

3.2.4.1 Output from the GVA-based analysis 

Figures 20 and 21 below show the output of the GVA-based analysis for 2007-2011.  

 

Figure 20 – Cumulative Change for Food, Drink & Tobacco 2007-2011 
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Figure 21 – Compound Annual Growth Rate Food, Drink & Tobacco 2007-2011 

 

Table 7 compares these results to those for the same sector for 1992-2007. This is one of 
the few areas of industry where output from 2007 to 2011 has increased. At the same time 
changing energy intensity has continued to drive down emissions. There have been 
considerable changes in product mix in the sector and rationalisation of the number of sites, 
with little change to production. Both of these effects will be included in the energy intensity 
driver, as well as any improvements in technical energy efficiency. 

 

Table 7 – Food & Drink: comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect 0.40% 1.02% 

Structural effect 0.17% 0.48% 

Energy Intensity effect -0.88% -3.23% 

Fuel Mix effect -0.13% -0.16% 

Fuel Factor effect -0.58% -1.44% 

Process Emissions 0.00% 0.00% 

Change in CO2 (CAGR) -1.02% -3.34% 

 

3.2.4.2 Analysis using sector data 

The results of the GVA-based analysis above have been reviewed in discussion with the 
principal sector association for this sector, the Food and Drink Federation (FDF), whose 
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2010. The sector’s own figures also indicate a decline in specific energy consumption from 
1026 kWh/te to 814 kWh/te over the same period. 

FDF have provided some data of their own to this study for energy use and CO2 emissions in 
the sector. These are slightly different from the values used in the analysis above, although 
GVA data provided by the sector is very similar. This can be seen in the figures below, which 
show the data first indexed to 100 in 1990 and then to 100 in 2007. 

Figure 22 – Energy and GVA comparison for Food & Drink data 

An analysis using the LMDI method has been carried out using the data provided by FDF, 
the result of which can be seen in the following chart of compound annual growth from 2007 
to 2011 (no process or structural change is included in this data). 

0

20

40

60

80

100

120

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

Energy comparison 1990-2011 (1990=100)

ONS index

FDF index

90

95

100

105

110

115

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

GVA comparison 1990-2011 (1990=100)

ONS index

FDF index

80

82

84

86

88

90

92

94

96

98

100

102

2007 2008 2009 2010 2011

Energy comparison 2007-2011 (2007=100)

ONS 2007 index

FDF 2007 index

90

92

94

96

98

100

102

104

106

2007 2008 2009 2010 2011

GVA comparison 2007-2011 (2007=100)

ONS 2007 index

FDF 2007 index



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

Figure 23 – Compound Annual Growth Rate 2007-11 using FDF data

 

 

As can be seen by comparing Figures 21 and 23, although the total change in CO2 is much 
less in the FDF data the overall picture is broadly the same, with energy intensity providing 
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growth in output from this sector (with increasing UK population) but reducing CO2 
emissions. 
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3.2.5 Cement & Lime 

The available datasets from the ONS include the cement and lime industries as part of a 
wider group of SIC2007 codes 23.5-6, which also include plaster, concrete and cement 
products. It is not possible, therefore, to completely separate out the performance of the 
cement & lime sectors using the ONS data. 

3.2.5.1 Output from the GVA-based analysis 

Figures 24 and 25 below show the output of the GVA-based analysis for 2007-2011.  

 

Figure 24 – Cumulative Change for SIC 23.5-6 2007-2011 
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Figure 25 – Compound Annual Growth Rate SIC 23.5-6 2007-2011 

 

Table 8 compares these results to those for the same sector for 1992-2007. The effects of 
the recession from 2008 are marked in this sector, which has the largest process emissions 
of CO2 of any sector. The fall in output has sharply reduced both fuel use and process 
emissions. (The fall in process emissions will have been entirely due to the fall in output as 
discussions with the sector do not indicate any significant change in product mix over this 
timeframe). 

 

Table 8 – Cement & Lime: comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect 2.89% -2.21% 

Energy Intensity effect -1.08% -2.96% 

Fuel Mix effect -1.05% 2.28% 

Fuel Factor effect -0.41% -1.05% 

Process Emissions 0.47% -4.31% 

Change in CO2 (CAGR) 0.82% -8.24% 

 

3.2.5.2 Analysis using sector data 
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principal sector association for this sector, the Mineral Products Association (MPA), whose 
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and have provided their own information for comparison. The figures below show the 
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energy and emissions and 2010 for production (to compare with the Index of Production 
data). 

Figure 26 – Comparison of MPA and ONS data for Cement & Lime 

 

It can be seen from these figures that there is a very close comparison for process emissions 
but for energy use and combustion emissions the MPA data shows a greater fall from 2005 
to 2011. The production data shows a much larger fall from 2005 than would be indicated by 
the GVA data.  

The LMDI model has been used with the data provided by MPA to produce the results 
displayed in Figure 27 below for 2007 to 2011. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

20

40

60

80

100

120

2005 2006 2007 2008 2009 2010 2011

Combustion emissions (2005=100)

MPA combustion index

ONS combustion index

0

20

40

60

80

100

120

2005 2006 2007 2008 2009 2010 2011

Process Emissions (2005=100)

MPA process index

ONS process index

0

20

40

60

80

100

120

140

160

180

2005 2006 2007 2008 2009 2010 2011

Production vs GVA (2010=100)

ONS IoP

MPA index

0.000

20.000

40.000

60.000

80.000

100.000

120.000

2005 2006 2007 2008 2009 2010 2011

Energy data (2005=100)

MPA energy index

ONS process index



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

Figure 27 – Results from LMDI based on MPA data 

 

These results show a considerably greater impact on emissions from the change in output of 
the sector, which fell very sharply in the 2008 recession (especially in Cement). The 
reduction in emissions due to changing energy intensity can still be seen however. 
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3.2.6 Paper 

The manufacture of paper is included in the ONS data for SIC2007 17 along with the 
manufacture of downstream paper products. It is therefore not possible to completely 
separate out the performance of the major paper mills using this data. 

3.2.6.1 Output from the GVA-based analysis 

Figures 28 and 29 below show the output of the GVA-based analysis for 2007-2011.  

 

Figure 28 – Cumulative Change for SIC 17 2007-2011 
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Figure 29 – Compound Annual Growth Rate SIC 17 2007-2011 

 

Table 9 compares these results to those for the same sector for 1992-2007. The the 
recession from 2008 has resulted in a sharp reduction in emissions due to falling output. The 
emissions have also falling due to changing energy intensity (see the analysis below). The 
large fall in emissions due to changing fuel factor is driven by a greater share of energy 
derived from electricity in this sector. 

 

Table 9 – Paper: comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect -0.67% -3.73% 

Energy Intensity effect 1.62% -0.15% 

Fuel Mix effect -0.69% 1.31% 

Fuel Factor effect -0.68% -1.84% 

Process Emissions 0.00% 0.00% 

Change in CO2 (CAGR) -0.42% -4.40% 

 

3.2.6.2 Analysis using sector data 

The results of the GVA-based analysis above have been reviewed in discussion with the 
principal sector association for this sector, the Confederation of Paper Industries (CPI), 
whose members represent the large paper mills in this sub-sector. The paper mills dominate 
the emissions from the SIC2007 code 17 sub-sector. The sector’s representatives believe 
the data for energy use and emissions given in the ONS data used above gives values that 
are too high, compared to their own information. The sector has been able to provide some 
production data for the period 2008 to 2013. For the period 2008-2011 the fall in production 
is very similar to the fall in GVA (in percentage terms). 
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Overall the sector representatives believe that the picture presented by the GVA-based 
analysis above from 2007-2011 is broadly correct in suggesting that the change in CO2 
emissions will have been driven largely by a mixture of output reduction and energy intensity 
improvements. There was considerable consolidation in the industry in 2008, which lead to 
an improvement in efficiency even while output was falling. 
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3.2.7 Ceramics & Glass 

The available datasets from the ONS include the ceramics and glass sectors as part of a 
wider group of SIC2007 codes 23.1-4/7-9. It is not possible, therefore, to completely separate 
out the performance of these sectors using this data. 

3.2.7.1 Output from the GVA-based analysis 

Figures 30 and 31 below show the output of the GVA-based analysis for 2007-2011.  

 

Figure 30 – Cumulative Change for SIC 23.1-4/7-9 2007-2011 
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Figure 31 – Compound Annual Growth Rate SIC 23.1-4/7-9 2007-2011 

 

Table 10 compares these results to those for the same sector for 1992-2007. The the 
recession from 2008 has resulted in a sharp reduction in emissions due to falling output. At 
the same time the change in energy intensity has pushed emissions up. This is discussed 
further in the analysis below. 

 

Table 10 – Ceramics & glass: comparison of drivers for 1992-2007,2007-2011 and 2008-2011 

Driver 1992-2007 2007-2011 2008-2011 

Output effect 1.14% -6.13% -4.34% 

Energy Intensity effect -4.27% 9.09% 0.36% 

Fuel Mix effect 0.61% -2.04% 0.48% 

Fuel Factor effect -0.69% -1.51% -1.69% 

Process Emissions 0.12% -0.65% -0.48% 

Change in CO2 (CAGR) -3.09% -1.24% -5.67% 

 

The figures for 2008 for this sector are interesting, in that the energy use and carbon 
emissions rose in this year but the GVA fell, resulting in an apparent sudden deterioration in 
energy intensity. This is likely to be an instance of GVA not matching real production exactly, 
as profit margins will have been squeezed as the recession took hold. As can be seen in the 
detailed analysis in Appendix 5, materials purchases by the sector did not fall significantly 
between 2007 and 2008, implying production may have continued at pre-recession levels for 
some time before falling sharply. Table 10 shows the results for 2008-2011 for comparison. 
These figures show an energy intensity impact very similar to the average for all 
manufacturing. 
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3.2.7.2 Analysis using sector data 

The results of the GVA-based analysis above have been reviewed in discussion with the 
principal sector association for the glass sector, British Glass. They have provided some 
useful background to the changes in this sector, which are given in detail in Appendix 4. In 
particular, during the recent recession there have not been many plant closures, which 
results in the specific energy consumption per unit of product increasing sharply due to the 
high base load energy (closing a plant in this sector can be an irrevocable decision as 
furnaces cannot usually be restarted). 
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3.2.8 Motor Manufacture 

The manufacture of motor vehicles is included in the ONS data for SIC2007 code 29 
“Manufacture of motor vehicles, trailers and semi-trailers”.  

3.2.8.1 Output from the GVA-based analysis 

Figures 32 and 33 below show the output of the GVA-based analysis for 2007-2011.  

Figure 32 – Cumulative Change for SIC 29 2007-2011 
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Figure 33 – Compound Annual Growth Rate SIC 29 2007-2011 

  

Table 11 compares these results to those for the same sector for 1992-2007. The the 
recession from 2008 has resulted in a sharp reduction in emissions due to falling output, 
followed by a recovery. Energy intensity has barely changed over this period, although the 
longer term trend is downward. 

 

Table 11 – Motor manufacture: comparison of drivers for 1992-2007 and 2007-2011 

Driver 1992-2007 2007-2011 

Output effect 2.37% -2.70% 

Energy Intensity effect -2.78% 0.52% 

Fuel Mix effect 1.02% 0.98% 

Fuel Factor effect -0.63% -2.12% 

Process Emissions 0.00% 0.00% 

Change in CO2 (CAGR) -0.02% -3.31% 

 

3.2.8.2 Analysis using sector data 

The results of the GVA-based analysis above have been reviewed in discussion with the 
principal sector association for this sector, the Society of Motor Manufacturers and Traders 
(SMMT), whose members represent the vast majority of output in this subsector. SMMT have 
their own production data for this sector (expressed in the number of vehicles produced), 
which they have shared for comparison. Figure 34 shows a comparison of the GVA to the 
vehicle production data, first indexed to 100 in 1992 and then indexed to 100 in 2007. 
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Figure 34 – Vehicle Production compared to GVA data 

 

It can be seen that over the longer timescale, although the shape of the graphs is very 
similar, the number of vehicles produced has fallen, while the GVA has increased. This may 
correspond to a trend in the UK motor vehicle industry away from small low-value cars to 
large, high-specification vehicles. Over the shorter timescale from 2007 the charts are very 
similar, although this chart indicates that vehicle production in 2011 had not recovered as 
much from the recession as GVA values would indicate. 

Replacing the GVA data with vehicle data in the LMDI analysis for this sector, but using the 
same CO2 and energy data, results in a slightly different outcome, as shown in Figure 35 
below. 

 

Figure 35 – Compound Annual Growth 2007-2011 using Vehicle Data 

 

The overall change in CO2 is the same (because the same CO2 data has been used) but this 
is driven much more by the fall in throughput and the energy intensity change actually results 
in a larger increase in emissions. 
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3.3 Comparison to other Results 

Studies of a similar nature have been carried out by others looking at UK industry and it is 
useful to compare the findings from this project with their work. Results will not be exactly the 
same as different studies will have used different data and, equally importantly, a different 
level of disaggregation of the data. How far the data is disaggregated to sector and sub-
sector level can have a significant impact on the results. For this project the analysis for all 
manufacturing was carried out using disaggregation at both high level ‘sector’ level (e.g. CA 
food, drink & tobacco) and also at the deeper ‘sub-sector’ level (e.g. CA 10.5 manufacture of 
dairy products), as shown in Table 1 in section 2.2.  

The ‘sector level’ analysis only takes account of the change in the share of total emissions 
for each of the large sector groups, while the ‘sub-sector’ analysis take account of the 
change in share of the total emissions of each sub-sector. This introduces more accuracy as 
it accounts for the impact of each sub-sector individually and will affect all of the 
disaggregated effects. This can be understood by considering the methodology in detail as 
described in Appendix 2.  

Table 12 below compares the results using this different level of disaggregation. It can be 
seen that, while the overall picture is very similar, there are some differences. In particular, 
the sub-sector disaggregation indicates a slightly bigger structural effect and a slightly 
smaller energy intensity effect. 

 

Table 12 –Results at Sector and Sub-Sector disaggregation for Manufacturing, 1992-2011 

Driver Sector Sub-sector 

Output effect 0.34% 0.34% 

Structural effect -0.39% -0.42% 

Energy Intensity effect -1.16% -1.07% 

Fuel Mix effect 0.24% 0.14% 

Fuel Factor effect -0.67% -0.63% 

Process Emissions -0.06% -0.06% 

Change in CO2 (CAGR) -1.70% -1.70% 

 

In its 2013 Progress Report to Parliament, the CCC quoted work done by Hammond & 
Norman6, which used the same methodology as used in this project. Their work produced 
results for the manufacturing sector covering the period 1990-2007, showing the mean 
annual percentage change in carbon emissions, compared to previous year’s emissions. 
Table 13 below compares their results with the findings from this study over the same period 
(note that they did not consider process emissions). 

 

 

 

 

 

 
                                                
6
 Hammond, G.P. and Norman, J.B. (2012) Decomposition analysis of energy-related carbon emissions from UK manufacturing. Energy, 41 (1) 

pp. 220-227. 
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Table 13 Comparison with Hammond & Norman 

1990-2007 Ricardo-AEA* 
Hammond 
& Norman 

Output effect 0.45% 0.46% 

Structural effect -0.14% -0.27% 

Energy Intensity effect -1.13% -1.92% 

Fuel Mix effect 0.25% 0.49% 

Fuel Factor effect -0.61% -0.77% 

Process Emissions -0.03%  

Mean annual % Change in CO2 -1.20% -2.01% 

*The Ricardo-AEA data here is based on a Sector disaggregation rather than Sub-sector as data for 
the latter could not be obtained prior to 1992. 

 

The overall change in CO2 here is different because the CO2 data is different in the two 
studies (in the Hammond & Norman study the overall change in CO2 is approximately -25% 
over this period, compared to -19% in the Ricardo-AEA study). Hammond & Norman did not 
include data for refineries and coke production, tobacco or recycling in their analysis due to 
lack of, and quality concerns over, available data. They also disaggregated only to 2-digit 
SIC level. It should also be noted that the Hammond & Norman study used value of 
production as a proxy for output, instead of GVA (though in both cases the Index of 
Production (IoP) was used to calculate values at constant prices). There is no proxy that is 
universally recognised as being superior in this regards. In our study we used GVA as it is 
the most widely used (and reported) and it gives good results in most cases. The overall 
picture is very similar however and this can be seen in Table 14 in which the share of the 
total change from each effect is shown. Energy intensity is the dominant effect. 

Table 14 Comparison with Hammond & Norman – share of total for each effect 

 

1990-2007 Ricardo-AEA 
Hammond 
& Norman 

Output effect 37.5% 22.9% 

Structural effect -11.7% -13.4% 

Energy Intensity effect -94.2% -95.5% 

Fuel Mix effect 20.8% 24.4% 

Fuel Factor effect -50.8% -38.3% 

Process Emissions -2.5%  

Mean annual % Change in CO2 -100% -100% 
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4 Conclusions and Recommendations 

In this study we have carried out a top-down disaggregation of the drivers of energy use and 
CO2 emissions from UK industry, covering most of the period from 1990 to 2011. We have 
generated results for UK manufacturing as a whole and for each of the eight largest industry 
sectors. These results have been discussed with sector representatives to gain an insight to 
the background events that have shaped them and, in some cases, to compare with industry 
data. 

Carrying out this type of analysis depends on both the method used for the disaggregation 
and on the data available to achieve it. We have carried out extensive reviews of 
methodologies and concluded that the most appropriate method available for this particular 
study is the Log Mean Divisia Index (LMDI) approach, which has been successfully used by 
many other researchers in the UK and elsewhere to consider similar issues. This method is 
not perfect but does have advantages, including the straightforward way in which it can be 
implemented. 

To support the analysis it is necessary to have data that is consistent across industrial 
sectors in terms of units and that is disaggregated as far as possible. We concluded that the 
best available data currently is the ONS financial data from the National Accounts and 
Supply and Use Tables, which is supported by the GHGI Environmental Accounts energy 
and emissions data. We have used GVA with index of production as a proxy for production. 
There are significant doubts from many in industry about the validity and quality of some of 
the data available in the published statistics (including those from the ONS and DECC. All 
the data gathered is subject to a risk of sampling errors and for many sectors the samples 
may be too small or unrepresentative of the sector as a whole to give total reliable results In 
order to improve the understanding of industrial energy use and CO2 emissions in the future 
it is important that data collection procedures and samples are kept under review, whilst 
recognising that it is impossible to achieve perfect data at the ‘micro’ plant level without 
undue time and expense. 

We have successfully implemented the method to decompose the effect of the drivers to 3-
digit SIC codes for the most important sectors and have also carried out further detailed 
analysis of other potential effects on energy use. 

Discussion with the sector representatives and additional modelling of specific sectors using 
volume of production data (where it is available) has generally shown broad agreement with 
the high level results, showing that in most cases using GVA as a proxy gives good results, 
particularly when considering the overall trends and level of impact of each of the key drivers 
of emissions. 
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Appendix 1 - Literature Review and Selection of 
Methodology 

An internet search was conducted using Science Direct and Google Scholar into methods of 
disaggregating the drivers of industrial energy efficiency. This search indicated that Index 
Decomposition Analysis (IDA) was the most commonly used method for analysing trends in 
industrial energy use and was used in more than 90% of international research studies. 
Structural Decomposition Analysis (SDA) was the main alternative method used (at < 10%).  

Both of these methods seek to separate out the impact of changes in production or sector 
activity levels, and in the structure of industrial production, on industrial energy consumption 
so that the underlying changes in sector energy intensity can be explored. IDA decomposes 
energy use into three effects: known as activity, structural and intensity effects, whilst SDA 
typical decomposes energy use into activity, structural, technical and substitution effects. 

Both methods can be extended to decompose carbon dioxide (CO2) emissions by separation 
of fuel mix and emission factor effects (or of a combined fuel mix / carbon intensity effect). 

In addition, the “Extended Kaya Identity” enables IDA to be used to explore the relationships 
between energy use, CO2 emissions, economic activity and GDP. This method also allows 
the impact of changes in population or changes in affluence (i.e. wealth) to be analysed.  

Examples of other analytical methods such as principal component or “influencing” factor 
analysis were also found but these used detailed physical activity data (e.g. unit production) 
that is not available in UK national statistics to disaggregate the interactions between energy 
use or intensity and technical efficiency, throughput, changes in product mix and weather. 

Each of these methods had been previously used to analyse changes in the energy use or 
carbon emissions of UK industrial energy use as set out in the references listed in Table A1 - 
1. 

Table A1-1: Examples of previous decomposition analysis on UK industrial energy 
use. 

 Reference Comment 

1 Hammond and Norman, (2012), Decomposing Changes 
in the Energy Demand of UK Manufacturing, Energy, 
Volume 41, Issue 1, pp 220–227 

Uses IDA to analyse trends in UK 
industrial energy intensity and 
efficiency 1992 to 2009 

2 Minx et al. (2009), Understanding Changes in UK CO2 
Emissions 1992-2004: A Structural Decomposition 
Analysis, Report to DEFRA by University of York and the 
University of Durham 

Uses SDA to analyse drivers behind 
change in CO2 emissions.. Main focus 
is structural change and change from 
industrial to service economy. 

3 Tang et al. (2013) Analysis of energy embodied in the 
international trade of UK, Energy Policy 57, pp 418–428 

Uses SDA to analyse energy 
embodied in UK imports of 
manufactured goods and impact on 
carbon footprint between  

4 Kojima and Bacon (2009), Changes in CO2 Emissions 
from Energy Use: A Multicountry Decomposition Analysis, 
World Bank Extractive Industries for Development Series 
#11 

Uses extended kaya identity to 
compare changes in carbon emissions 
in over 150 countries including UK 
between 1994-5 and 2004-06. 

5 Azadeh et al. (2007), An integrated DEA PCA numerical 
taxonomy approach for energy efficiency assessment and 
consumption optimization in energy intensive 
manufacturing sectors, Energy Policy 35, pp3792–3806 

Used principal components analysis to 
compare refinery efficiency in 12 
countries including UK in 1997-1998. 

6 AEA Technology (2012), Energy Efficiency Policies and 
Measures in UK:  ODYSSEE- MURE 2012,  Monitoring of 

Used influencing factor analysis to 
explain trends in UK energy use shown 
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EU and national energy efficiency targets  by IDA derived ODEX indicators 
between 1990 and 2010. 

 

The last three papers are examples of international studies where the UK is analysed as part 
of a comparative study. IDA has been also used to analyse changes in industrial energy use 
and carbon emissions of various UK industrial sectors as part of other international studies. 

Selection of Mathematical Methods 

The literature review identified over 20 distinct mathematical methods that researchers had 
used to disaggregate the drivers of industrial energy use, and a large number of variations 
and extensions that had been used to explore trends in sector energy intensity/efficiency.  

To assess which method was likely to be most relevant to CCC’s requirements, a multi-
criteria assessment was completed on 12 methods that seemed potentially applicable.  

Each method was assessed against the following criteria: 

 Complexity of the analytical approach and numerical methods used  

 Types of data sources and volume of data needed to use the method.  

 Accuracy and robustness (or repeatability) of the method  

 Ease of use, replication (or reproducibility) and maintainability  

 Ease of understanding, interpretation and result preparation 

 Adaptability and suitability of the method to the needs of the project 

 Extent of use worldwide (and countries where used) 

 Ease of triangulation against previous work 
A range of technical papers and reports were reviewed and used to assign a low, medium or 
high rating against each criterion.  Each method was then assigned an overall relevance 
rating by the project team. The results of this assessment process are shown in Table A1-3. 

Based on this assessment, the Log Mean Divisia Index 1 (LMDI 1) method was selected as 
the most appropriate for this project. 

The key technical papers that were used to derive the ratings are set out in Table A1-2 
below. (The research papers and reviews by Professor Beng Wah Ang at the National 
University of Singapore provide definitions of each of the IDA techniques reviewed by the 
project team).  

Table A1-2: Key papers used to select the most relevant mathematical method. 

 Reference 

1 Ang (2013), Tracking industrial energy efficiency trends using index decomposition 
analysis, Energy Economics, Volume 40, pp1014–1021. 

2 SZÉP (2013), Eight Methods for Decomposing the Aggregate Energy Intensity of the 
Economic Structure, Club of Economics in Miskolc TMP Volume 9, Nr. 1, pp. 77-84. 

3 Ang (2012), A Simple Guide to LMDI Decomposition Analysis, presentation from: 
http://www.ise.nus.edu.sg/staff/angbw/pdf/A_Simple_Guide_to_LMDI.pdf 

4 Su et al. (2012), Structural decomposition analysis applied to energy and emissions: 
Some methodological developments, Energy Economics, Volume 34, pp177–188. 

5 Ang et al. (2010), Accounting frameworks for tracking energy efficiency trends, Energy 
Economics, Volume 32, pp1209–1219 

6 Ang (2009), Properties and linkages of some index decomposition analysis methods, 
Energy Policy, Volume 37, pp4624-32. 

7 Cahill et al. (2009), Comparing the use of ODEX indicators with Divisia decomposition 
analysis to measure true energy efficiency achievements: case study Irish industry, 
Presentation/paper at ECEEE conference/summer study, ISBN 978-91-633-4454-1. 

http://www.ise.nus.edu.sg/staff/angbw/pdf/A_Simple_Guide_to_LMDI.pdf
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8 Ang et al. (2007), Energy decomposition analysis: IEA model versus other methods 
Energy Policy, Volume 35, Issue 3, pp 1426–1432. 

9 Ang (2004) Decomposition analysis for policymaking in energy: which is the preferred 
method? Energy Policy, Volume 32, pp1131–1139. 

10 Hoekstra et al. (2003), Comparing structural and index decomposition analysis, Energy 
Economics Volume 25, pp39–64. 
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Table A1-3: Results of a Multi-criteria assessment of different methods used to disaggregate drivers of industrial energy efficiency 
 

 
 
 

Main Method Index Type Algorithm
Complexity of 

Method

Data Volumes 

& Availability

Accuracy & 

robustness

Ease of use & 

Maintenance

Ease of 

interpretation

Adaptability & 

suitability

Extent of use 

worldwide 

Ease of 

triangulation
Relevance

1 LMDI I Low Low Medium High High High High Medium High

2 AMDI Medium Medium Medium Medium Medium High Medium High Medium

3 LMDI I Low Low Medium High High High High Medium High

4 AMDI Medium Medium Medium Medium Medium High Medium High Medium

5 Shipley/Sun Method Low Low Low Medium Medium Medium Low Low Low

6
Marshall-Edgeworth 

Method
Low Low Low Medium Medium Medium Low Low Low

7 Modified Fisher ideal Medium Low Low High Medium Medium Low Low Low

8
Conventional Fisher 

Ideal
Low Low Low High High Medium Low Low Low

9
Structural Decomposition 

Analysis (SDA)
Leontief Matrices High Low Low Low Low Low Low Low Low

10 Extended Kaya Identity Divisia Both LMDI I Low Low Low Medium Low Low Medium Medium Low

11
Principal Conponent Analysis 

(PCA)
Multivariate regression High High High Low Low Low Low High Low

12 Influencing factor analysis Various High High High Low Low Low Low High Low

Index Decomposition 

Analysis (IDA)

Laspeyres

Divisia

Additive

Multiplicative

Additive

Multiplicative
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Appendix 2 - Detailed Description of the LMDI 
Method 

Background 

In this appendix we give a detailed description to the methodology used in this project to 
disaggregate the effects of the different drivers of CO2 emissions and energy use. The 
methodology we have used is the Log Mean Divisia Index 1 approach (LMDI).  

LMDI is one of a number of different methods of Index Decomposition Analysis (IDA) that 
has been developed over the last 30-40 years. LMDI was first described by Ang et al (1998) 
and has since been widely used for studies to analyse changes in energy consumption, 
carbon emissions and other aggregates. The method has been used in many different 
countries and is one of those recommended by the IEA for such studies. Like all such 
methods LMDI has strengths and weaknesses and these are described later in this 
appendix. 

Figure A2-1 below gives an outline of how the change in CO2 emissions, ΔC, can be affected 
by a range of different factors. This shows the conventional ‘5-factor’ case but in practice 
these drivers can be broken down further.  

The drivers shown here are: 

- Output effect – the effect of overall changes in output of all industries covered 

- Structural effect – the effect of changing shares of output of different sub-sectors 

- Energy intensity – the effect of changing energy per unit output in each sub-sector 

- Fuel mix – the effect of changing mix of fuels used in each sub-sector 

- Emission factor – the effect of changing emissions factors for different fuels in each sub-

sector 

These drivers are not mutually exclusive and a change in underlying conditions may affect 
several or all of them at once. For example, consider the case where a reduction in output 
occurs in the steel sector, while all else remains the same: 

- Output effect –changes because the overall output will have fallen 

- Structural effect –changes because the steel sector’s share of total output has changed 

- Energy intensity –changes because the energy intensity of the steel sector has changed 

- Fuel mix – may change if the steel sector’s fuel mix is different to that of other sectors 

- Emission factor – may change if the steel sector’s fuel factors are different to those of other 

sectors 

Using the LMDI method allows us to decompose the effects of each of these five factors on 
the overall change in CO2 emissions over time. This is shown mathematically in the next 
section, followed by an example of the practical application of the method. 
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Figure A2-1 Drivers of emissions changes: conventional 5 factor case 

 

The Mathematics of LMDI 

Formulae for LMDI 

For the 5-factor case shown above, total CO2 emissions can be described by the following 
equation: 

   ∑   

   

 

Where, Cij, is the carbon emissions for fuel j in subsector i. 

This equation can be expanded to show each of the five factors: 

   ∑ 
  

 

  

  

   

  

   

   
  ∑           

      

 

Where: 

Q = the overall output (the output effect) 
Si = Qi/Q = the share of output from subsector i (Qi) of overall output (the structural effect) 
Ii = Ei/Qi = the energy intensity of subsector i (energy / output) 
Mij = Eij/Ei = the share of energy from each fuel j in subsector i (the fuel mix effect) 
Uij = Cij/Eij = the emission factor for fuel j in subsector i (the emission factor effect) 

In this project we have used the “additive” LMDI approach to decompose the factors for a 
change in CO2 emissions. For the 5-factor case above, this results in the following equation 
for the change in CO2from year 0 to year T: 

                                         

Where: 

The change due to overall activity,        ∑        
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Output 
Effect 
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Effect 

Energy 
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The change due to activity structure,         ∑        
  
 

  
      

The change due to energy intensity,        ∑        
  
 

  
      

The change due to fuel mix,         ∑        
   

 

   
      

The change due to emission factor,        ∑        
   

 

   
      

And wij is the logarithmic mean,       
   

      
 

     
       

  

NOTE: There is also a “multiplicative” version of LMDI where the factors are multiplied to 
give the ratio of CT/C0. This is just an alternative way of looking at the results and we haven’t 
made use of it in this project as we believe the “additive” version is easier to use and 
understand. 

 

Why logarithmic mean is used 

Using the logarithmic mean gives symmetry in the results. Consider a case where a value 
increases from 50 in year 0 to 100 in year T. The relative change calculated using ordinary 
percentages depends on which year is used as the point of comparison: 

- The consumption in year T (100) is 100% higher than that in year 0 (50) 

- The consumption in year 0 (50) is 50% lower than that in year T (100) 

In the case of the (natural) logarithmic change, the relative changes are: 

- The change from year 0 to year T is given by ln(100/50) = ln(100) – ln(50)= 0.693 

- The change from year T to year 0 is given by ln(50/100) = ln(50) – ln(100) = -0.693 

The change is symmetrical. 

 

Proof of Perfect Decomposition 

The LMDI method is known as a “perfect decomposition” method in that all the change in 
CO2 is ascribed to one of the factors being considered and no “residual” term is left over. 
This is one of the advantages of the method as such residual terms can be large in some 
cases and not easily explained. 

The perfect decomposition of LMDI can be proved mathematically, as shown below. 
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(This utilises the basic property of logarithms, i.e. ln(ab) = ln(a) + ln(b) and ln(a/b) = ln(a) – 
ln(b)). 

 

Chaining 

The method outlined above can be applied for the change in emissions between any two 
years. When the analysis is over a period, say from year 0 to year T, where there is yearly 
data, the decomposition can be carried out in two ways: 

Non-chaining analysis: the calculation is carried out using the data from year 0 and year T 
without any of the data for the intervening years. 

Chaining analysis: the calculation is carried out using the data for every two consecutive 
years (i.e. years 1 and 2, years 2 and 3, and so on up to years T-1 and T). A total of T sets of 
results are then obtained which can then be “chained” to give the results for the whole time 
period. When using the “additive” approach taken in this study, the yearly results are added 
together to give the cumulative changes. 

The chaining analysis approach has been used in this study as it gives a picture of the build-
up of change over time. Where possible we have calculated yearly results for all the years 
between 1990 and 2011. This allows the cumulative change between any two years in this 
period to be calculated (e.g. the period 2007 to 2011). 

 

An Example of the use of LMDI in practice 

To demonstrate how the LMDI approach works in practice the following is a simple example 
for a case with two sectors each with two fuels. This data is invented and doesn’t represent 
any real sector. 

Data for year 0: 

Year 0 

    
CO2 
(Cij) Energy (Eij) M (Ei/E) U (Cij/Eij) Output (Q) S (Qi/Q) I (Ei/Qi) 

Sector 1 
Fuel 1 600 250 0.385 2.40 

2500 0.556 0.260 
Fuel 2 1000 400 0.615 2.50 

Sector 2 
Fuel 1 500 200 0.500 2.50 

2000 0.444 0.200 
Fuel 2 600 200 0.500 3.00 

Industry   2700 1050     4500   0.233 

 

 

Data for year T: 

Year T 

    
CO2 
(Cij) Energy (Eij) M (Ei/E) U (Cij/Eij) Output (Q) S (Qi/Q) I (Ei/Qi) 

Sector 1 
Fuel 1 700 300 0.455 2.33 

3000 0.545 0.220 
Fuel 2 900 360 0.545 2.50 

Sector 2 
Fuel 1 750 340 0.630 2.21 

2500 0.455 0.216 
Fuel 2 525 200 0.370 2.63 

Industry   2875 1200     5500   0.218 

 



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

The logarithmic mean of the change in CO2 for Fuel 1 in Sector 1 is calculated (to 3 decimal 
places) as: 

    
       

                
         

All the logarithmic mean values are as follows: 

Sector 1 Fuel 1 648.716 

Sector 1 Fuel 2 949.122 

Sector 1 total 1597.84 

Sector 2 Fuel 1 616.576 

Sector 2 Fuel 2 561.666 

Sector 2 total 1178.24 

Total 2776.08 
 

The different effects can then be calculated as: 

Output effect   = 2776.08 x ln(5500/4500) = 557.078 

Structural effect  = 1597.84 x ln(0.545/0.556) + 1178.24 x ln(0.455/0.444) = -2.841 

Energy intensity effect  = 1597.84 x ln(0.220/0.260) + 1178.24 x ln(0.216/0.200) = -
176.247 

Fuel mix effect  = 648.716 x ln(0.455/0.385) + 949.122 x ln(0.545/0.615) + 616.576 x 
ln(0.630/0.500) + 561.666 x ln(0.370/0.500) = -32.543 

Emission factor effect  = 648.716 x ln(2.33/2.40) + 949.122 x ln(2.50/2.50) + 616.576 x 
ln(2.21/2.50) + 561.666 x ln(2.63/3.00) = -170.447 

 

The factors sum as:  557.078 – 2.841 – 176.247 – 32.543 – 170.447 = 175 

This is the same as the total change in CO2 = 2875 – 2700 = 175 

NOTE: all the values in the equations above have been expressed to 3 decimal places but in 
practice there are more and the results have been calculated on a spreadsheet. So the 
results will not be exactly the same if you carry out these calculations by hand as written 
above. 

Figure A2-2 below shows how the different factors contribute to the overall change in this 
example. This shows how in this fictitious case the CO2 emissions have risen due to the 
large increase output which has only been partially offset by changes in the other factors. 
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Figure A2-2 Example LMDI results 

 

Strengths and Weaknesses of LMDI 

In common with other disaggregation methodologies LMDI has both strengths and 
weaknesses. More is said about this in Appendix 1, which describes the literature review 
carried out for this project and the selection of LMDI as the preferred method. In summary, 
however, LMDI has the following characteristics: 

Strengths 

1. LMDI gives perfect decomposition – there is no residual term left (as shown above). 

2. The method is easy to use as the formulae take the same form irrespective of the number of 

explanatory factors. For example, the decomposition can be done in terms of energy use 

rather than CO2 emissions by just keeping the activity, structure and energy intensity factors 

and replacing the logarithmic mean wij with     
  

    
 

    
      

 . 

3. It is easy to switch between the additive and multiplicative forms of LMDI as they are linked 

by a simple formula. 

Weaknesses 

1. The principal weakness of the LMDI approach is that, because it relies on logarithms, there is 

an issue with zero or negative values (for which there are no logarithms). 

2. In this project we have used the “small value” strategy for handling zero values in LMDI. For 

all data used in the work we have replaced zero values with 10-30, i.e. a very small value. 

Using a small value like this has been found to give an almost perfect approximation in other 

studies. 
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3. In theory a negative value will cause LMDI to fail. In the case of this project, because we are 

using values for CO2, Energy and GVA (in £) as source data, all of these are very unlikely ever 

to be negative. 

References 

The key references for this methodology are listed in Appendix 1 in table A1-2. 
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Appendix 3 - Data Sources Identified and Used 

In this appendix we give a list of the primary data sources used for the project along with 
links to source material on the internet. We also give some information about other data 
sources that have been examined as part of this project and present a comparison between 
the different energy data sources available and why they may be different. Finally we present 
a copy of the mapping we have derived for the purposes of this project between the SIC2003 
codes and the SIC2007 codes for manufacturing. 

There are significant doubts from many in industry about the validity and quality of all data 
available from either the ONS or DECC (in DUKES or ECUK data). All the data gathered can 
be affected by sampling issues and for many sectors the samples may be too small or 
unrepresentative of the sector as a whole, resulting in erroneous data and most of the 
datasets available do not disaggregate information below a fairly high level. In order to 
improve the understanding of industrial energy use and CO2 emissions in the future it is 
important that data collection procedures and samples are reviewed, whilst recognising that it 
is impossible to achieve perfect data at the ‘micro’ plant level without undue time and 
expense. 

 

Primary Data Sources 

Financial Data Used 

Financial data from the Office of National Statistics (ONS) has been used in the project, 
principally to provide a proxy for production. The key data used is from three sources: 

1. National Accounts Blue Book 

Used to obtain Gross Value Added (GVA) for high level sectors (Chemicals, Basic Metals etc.). 

Source ONS 

Type GDP 

Current 
Edition 31 July 2013 

Web-link 
http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-
accounts/the-blue-book--2013-edition/index.html 

Description 

The Blue Book was first published in August 1952 and presents a full set 
of economic accounts (national accounts) for the United Kingdom. These 
accounts are compiled by the Office for National Statistics (ONS). They 
record and describe economic activity in the United Kingdom and as such 
are used to support the formulation and monitoring of economic and 
social policies.  

Coverage 
Detailed GVA and IoP data for high level sectors (Chapter 2) with full data 
set. 

Years GVA and IoP data from 1997 - 2012 for high level industry groups. 
 

2. Index of Production 

Used to obtain IoP figures for all subsectors used in the analysis carried out. 

Full-title Index of Production 

Source ONS 

Type Indices of production 

http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-accounts/the-blue-book--2013-edition/index.html
http://www.ons.gov.uk/ons/rel/naa1-rd/united-kingdom-national-accounts/the-blue-book--2013-edition/index.html
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Current 
Edition January 2014 (updated monthly) 

Web-link 
http://www.ons.gov.uk/ons/rel/iop/index-of-production/january-
2014/index.html 

Description 

Measures the volume of production at base year prices for the 
manufacturing, mining and quarrying and energy supply industries. These 
are seasonally adjusted figures on the index of output of the production 
industries. 
 
This index forms part of National Accounts and can be used to rebase 
GVA values to constant prices. 

Coverage 
Very detailed dataset provided disaggregation of index to different levels 
of SIC. 

Years 
High level industry : 1948-2013 
SIC 2-digit: rough match for 1997-2013 (in some cases to 4-digit) 

 

3. UK Supply and Use Tables 

Used to supply GVA figures for subsectors and also in carrying out further analysis of 

purchases by industry. 

Full-title UK Supply and Use Tables and Analysis 

Source ONS 

Type GDP 

Current 
Edition 2010 Analytical Tables published 12 February 2013 

Web-link 
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Supply+and+Use
+Tables#tab-data-tables 

Description 

Very detailed tables produced to support the National Accounts. The 
tables provide data on the inputs and outputs to sectors of the economy. 
A major and more detailed analysis is carried out every five years (the 
2010 version has only just been published). 

Coverage 

Goes to 2 or in some cases 3 digit SIC level and allows analysis of flows of 
intermediate products between sectors to give indication of where value 
is moving. 

Years Summary tables from 1997 to 2011 with detailed tables for 2010. 

 

Energy and Emissions Data Used 

Data on energy use and CO2 emissions have been obtained chiefly from the UK 
Environmental Accounts, which include data on all greenhouse gas emissions provided by 
the UK Greenhouse Gas Inventory. For the purposes of this project some additional 
information was provided directly by the Greenhouse Gas Inventory project team on the 
underlying breakdown of the data. 

Full-title UK Environmental Accounts 

Source ONS 

Type ENERGY and GHG EMISSIONS 

Current 
Edition 26 June 2013 

http://www.ons.gov.uk/ons/rel/iop/index-of-production/january-2014/index.html
http://www.ons.gov.uk/ons/rel/iop/index-of-production/january-2014/index.html
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Supply+and+Use+Tables#tab-data-tables
http://www.ons.gov.uk/ons/taxonomy/index.html?nscl=Supply+and+Use+Tables#tab-data-tables
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Web-link 
http://www.ons.gov.uk/ons/rel/environmental/uk-environmental-
accounts/2013/index.html 

Description 

The UK Environmental Accounts are satellite accounts to the main UK 
National Accounts and facilitate environmental-economic analyses, 
providing statistics on the environmental impact of UK economic activity. 
They include natural asset accounts (e.g. oil and gas reserves, forestry, 
land), physical flow accounts (e.g. greenhouse gas emissions, air 
pollutants, energy consumption, consumption of raw materials) and 
monetary accounts (e.g. environmental taxes, environmental protection 
expenditure). 

Coverage 
Detailed reference tables provide detailed breakdown of energy 
consumption by industry and CO2 equivalent emissions. 

Years 
Data 1990-2011 for most sectors at different levels of disaggregation (2, 3 
or 4 digit SIC07). 

 

Other Data Sources 

In addition to the above there are a number of other data sources that have been examined 
as part of this project. The following table gives a brief summary of these with links to where 
further information can be obtained. 

Full-title Source Web-link Description 

Energy 
Consumption 
in the UK 

DECC https://www.gov.uk/
government/publicat
ions/energy-
consumption-in-the-
uk 

Information for overall energy consumption 
in the UK with details of the transport, 
domestic, industry and services sectors. 
 
Note that the treatment of Steel in this data 
changes over time, in particular there are 
big drops in 1995-6 and 1999-2000, 
probably due to changes in the way the 
data is collected (this doesn't happen in the 
UK Environment Account data). 

Digest of UK 
Energy 
Statistic 

DECC https://www.gov.uk/
government/publicat
ions/digest-of-
united-kingdom-
energy-statistics-
dukes-2013-printed-
version-excluding-
cover-pages 

Detailed information on energy production, 
supply and consumption, with calorific 
values of fuels. Energy balances show how 
supply and demand match. 

Quarterly 
Energy Prices 

DECC https://www.gov.uk/
government/publicat
ions/quarterly-
energy-prices-
december-2013 

Quarterly statistical publication containing 
tables, charts and commentary covering 
energy prices to domestic and industrial 
consumers for all the major fuels, as well as 
presenting comparisons of fuel prices in the 
European Union and G7 countries. 

http://www.ons.gov.uk/ons/rel/environmental/uk-environmental-accounts/2013/index.html
http://www.ons.gov.uk/ons/rel/environmental/uk-environmental-accounts/2013/index.html
https://www.gov.uk/government/publications/energy-consumption-in-the-uk
https://www.gov.uk/government/publications/energy-consumption-in-the-uk
https://www.gov.uk/government/publications/energy-consumption-in-the-uk
https://www.gov.uk/government/publications/energy-consumption-in-the-uk
https://www.gov.uk/government/publications/energy-consumption-in-the-uk
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/digest-of-united-kingdom-energy-statistics-dukes-2013-printed-version-excluding-cover-pages
https://www.gov.uk/government/publications/quarterly-energy-prices-december-2013
https://www.gov.uk/government/publications/quarterly-energy-prices-december-2013
https://www.gov.uk/government/publications/quarterly-energy-prices-december-2013
https://www.gov.uk/government/publications/quarterly-energy-prices-december-2013
https://www.gov.uk/government/publications/quarterly-energy-prices-december-2013
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Updated 
Energy 
Projections 

DECC https://www.gov.uk/
government/publicat
ions/updated-
energy-and-
emissions-
projections-2013 

Projections developed by DECC of future 
energy demand from industry taking into 
account impact of policy impacts. CCC have 
access to more detailed data from this 
which has been used to support 
development of the industry trajectories. 

Annual 
Business 
Survey 
(replaces ABI 
from 2009) 

ONS http://www.ons.gov.
uk/ons/rel/abs/annu
al-business-
survey/2012-
provisional-
results/index.html 

The Annual Business Survey (ABS) collects 
financial information for about two thirds of 
the UK economy, covering agriculture 
(part), forestry and fishing; production; 
construction; motor trades; wholesale; 
retail; catering and accommodation; 
property; service trades. The financial 
variables covered include turnover, 
purchases, employment costs, capital 
expenditure and stocks. Approximate Gross 
Value Added (aGVA) is calculated as an 
input into the measurement of Gross 
Domestic Product (GDP). 

Annual 
Business 
Enquiry 
(replaced by 
ABS from 
2009) 

ONS http://www.ons.gov.
uk/ons/rel/abs/annu
al-business-
inquiry/1995-2007-
national/index.html 

The Annual Business Inquiry (ABI) is 
conducted in two parts: employment and 
financial information. This release deals 
with the financial inquiry which collects 
information for about two thirds of the UK 
economy, covering production; 
construction; motor trades; wholesale; 
retail; catering and allied trades; property; 
service trades and from the 2000 inquiry 
agriculture (part), hunting, forestry and 
fishing. The financial variables covered 
include turnover, purchases, employment 
costs, capital expenditure and stocks. 
Approximate Gross Value Added (GVA) is 
calculated as an input into the 
measurement of Gross Domestic product 
(GDP).  

EU Production 
data 

EU (UK data 
supplied by 
ONS) 

http://epp.eurostat.
ec.europa.eu/portal/
page/portal/prodco
m/data/tables_excel 

Prodcom provides statistics on the 
production of manufactured goods. The 
term comes from the French "PRODuction 
COMmunautaire" (Community Production) 
for mining, quarrying and manufacturing: 
sections B and C of the Statistical 
Classification of Economy Activity in the 
European Union (NACE 2). 

Steel 
production 
data 

International 
Steel 
Statistics 
Bureau 

http://www.issb.co.u
k/ 

Detail of worldwide Iron and Steel 
production. Includes UK production in 
tonnes. 

https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2013
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-survey/2012-provisional-results/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-inquiry/1995-2007-national/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-inquiry/1995-2007-national/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-inquiry/1995-2007-national/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-inquiry/1995-2007-national/index.html
http://www.ons.gov.uk/ons/rel/abs/annual-business-inquiry/1995-2007-national/index.html
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/data/tables_excel
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/data/tables_excel
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/data/tables_excel
http://epp.eurostat.ec.europa.eu/portal/page/portal/prodcom/data/tables_excel
http://www.issb.co.uk/
http://www.issb.co.uk/
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UK 
Greenhouse 
Gas Emissions 
Stats 

DECC https://www.gov.uk/
government/publicat
ions/final-uk-
emissions-estimates 

Detailed info on GHG emissions in the UK, 
produced by GHGI/NAEI team at Ricardo-
AEA 

 

Differences between Energy Data sources 

The data we have used for energy and emissions in this project has been taken from the 
Greenhouse Gas Inventory (GHGI) data supplied to the ONS to support the UK 
Environmental Account (EA), with the exception of Electricity, which has been taken from 
DUKES. This data was chosen because it is available to the same level of disaggregation as 
the financial data used to provide GVA figures for industry. 

Other work by the CCC has utilised data from the Digest of UK Energy Statistics (DUKES) 
and the National Air Emissions Inventory (NAEI). This data differs slightly from the GHGI 
data and it is worth noting these differences for future reference. 

Tables A3-1 and A3-2 below give a comparison of the key data between the different 
reporting mechanisms. 

Table A3-1 ONS EA Energy compared to DUKES 

 

DUKES ONS EA 

  1998 2007 
Change 

% 1998 2007 
Change 

% 

Manufacturing (exc. refining and 
coke) - ktoe 30381 26907 -11% 36460 32889 -10% 

Refineries - ktoe 6871 5431 -21% 14459 11033 -24% 

Manuf + Refineries - Indirect 
(electricity) ktoe 8321 8986 8% 83217 7986 8% 

Total 45573 41324 -9% 59240 52908 -11% 

 

Table A3-2 ONS GHGI compared to NAEI 

 

NAEI ONS EA 

  1990 2007 
Change 

% 1990 2007 
Change 

% 

Manufacturing (exc. refining and 
coke) - combustion MtCO2 102.3 82.4 -19% 105 82.3 -22% 

Manufacturing (exc. refining and 
coke) - process MtCO2 16.7 15.6 -7% 11.2 10.1 -10% 

Refineries - combustion MtCO2 17.5 17.8 2% 20.3 17.4 -14% 

Manuf + Refineries - Indirect 
(electricity) MtCO2 71.1 57.6 -19% 70.1 57.6 -18% 

Total 207.6 173.4 -16% 206.6 167.4 -19% 

 

Figure A3-1 compares the combustion data (excluding refineries and coke). Figure A3-2 
compares the combustion data for refineries only. The overall picture here is very similar, 
except for refineries in the years 2005-7. The reason for this difference may be due to 

                                                
7
 DUKES data used for Electricity 

https://www.gov.uk/government/publications/final-uk-emissions-estimates
https://www.gov.uk/government/publications/final-uk-emissions-estimates
https://www.gov.uk/government/publications/final-uk-emissions-estimates
https://www.gov.uk/government/publications/final-uk-emissions-estimates
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changes in where on-site generation is included in the statistics as company structures 
change (i.e. whether it’s reported in refineries or energy supply). The ONS EA data includes 
on-site generation throughout. 

Figure A3-1 Comparison of Combustion Emissions NAEI and ONS EA 

 

Figure A3-2 Comparison for Refineries NAEI and ONS EA (SIC07 19.2 only) 

 

Mapping SIC2003 codes to SIC2007 

Although GHGI data for energy and emissions is available in the SIC2007 codes for all 
subsectors from 1990 to 2011, financial data from the ONS changes from SIC2003 codes to 
SIC2007 codes in 1997 (i.e. all data before 1997 is in the SIC2003 structure and data for 
1997 and beyond in the SIC2007 structure). 

The industry mapping for SIC2003 does not exactly match the SIC2007 codes. For this 
reason we have constructed the map in Table A3-3 below. This was used to convert data 
from the SIC2003 subsectors for GVA and other financial information into SIC2007 
subsectors. This was cross-checked by comparing the total GVA for the subsectors to the 
overall GVA for each major sector grouping (e.g. CA – Food, Drink and Tobacco). However, 
there is inevitably some potential error introduced to the results for the earliest years of our 
analysis. 

Table A3-3 Mapping of SIC2003 codes to SIC2007 
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SIC 2003 Description Mapping to SIC 2007 Notes 

15.1 Meat processing 10.1  

15.2 + 15.3 Fish and fruit processing 10.2-3  

15.4 Oils and fats processing 10.4  

15.5 Dairy products 10.5  

15.6 Grain milling and starch 10.6  

15.7 Animal feed 10.9  

15.81 + 
15.82 

Bread, biscuits, etc 10.7  

15.83 Sugar 10.8  

15.84 Confectionery 10.8  

15.85 to 
15.89 

Other food products 10.8  

15.91 to 
15.97 

Alcoholic beverages 11.01-06  

15.98 Soft drinks & mineral waters 11.07  

16 Tobacco products 12  

17.1 to 17.3 Textile fibres, Textile weaving, 
Textile finishing 

13  

17.4 to 17.7 Made-up textiles, Carpets and rugs, 
Other textiles, Knitted goods 

13  

18 Wearing apparel & fur products 14  

19.1 to 19.3 Leather goods, Footwear 15  

20 Wood and wood products 16  

21.1 Pulp, paper and paperboard 17  

21.2 Paper and paperboard products 17  

22 Printing and publishing 18 Note 1 

23 Coke ovens, refined petroleum & 
nuclear fuel 

19  

24.11 + 
24.12 

Industrial gases and dyes half in 20.11/13/15 and half in 
20.12/20 

Note 2 

24.13 + 
24.14 

Inorganic chemicals, Organic 
chemicals 

10% in 20.11/13/15 and 90% in 
20.14/16/17/60 

Note 2 

24.15 to 
24.17 + 
24.2 

Fertilisers, Plastics & Synthetic 
resins etc, Pesticides 

15% in 20.11/13/15, 70% in 
20.14/16/17/60 and 15% in 
20.12/20 

Note 2 

24.3 Paints, varnishes, printing ink etc 20.3  

24.4 Pharmaceuticals 21  



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

24.5 Soap and toilet preparations 20.4  

24.6 + 24.7 Other Chemical products, Man-
made fibres 

87% in 20.5 and 13% in 
20.14/16/17/60 

Note 2 

25.1 Rubber products 22  

25.2 Plastic products 22  

26.1 Glass and glass products all in 23.1-4/7-9 Note 3 

26.2 + 26.3 Ceramic goods all in 23.1-4/7-9 Note 3 

26.4 + 26.5 Structural clay products, Cement, 
lime and plaster 

1/3 in 23.1-4/7-9 and 2/3 in 
23.5-6 

Note 3 

26.6 to 26.8 Articles of concrete, stone etc 3/4 in 23.5-6 and 1/4 in 23.1-
4/7-9 

Note 3 

27.1 to 27.5 Iron and steel, Non-ferrous metals, 
Metal castings 

57% in 24.1-3, 43% in 24.4-5 Note 4 

28.1 Structural metal products all in 25.1-3/5-9 Note 4 

28.2 + 28.3 Metal boilers & radiators all in 25.1-3/5-10 Note 4 

28.4 + 28.5 Metal forging, pressing, etc all in 25.1-3/5-11 Note 4 

28.6 Cutlery, tools etc all in 25.1-3/5-12 Note 4 

28.7 Other Metal products 85% in 25.1-3/5-9, 15% in 24.4-
5 

Note 4 

29.1 Mechanical power equipment 28  

29.2 General purpose machinery 28  

29.3 Agricultural machinery 28  

29.4 Machine tools 28  

29.5 Special purpose machinery 28  

29.6 Weapons and ammunition 25.4 Note 4 

29.7 Domestic appliances nec 27  

30 Office machinery & computers 26  

31.1 to 31.3 Electric motors and generators etc, 
Insulated wire and cable 

27  

31.4 to 31.6 Electrical equipment nec 27  

32.1 Electronic components 26  

32.2 Transmitters for TV, radio and 
phone 

26  

32.3 Receivers for TV and radio 26  

33 Medical and precision instruments 26  

34 Motor vehicles 29  

35.1 Shipbuilding and repair 30.1  
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35.2 + 35.4 
+ 35.5 

Other transport equipment 30.2/4/9  

35.3 Aircraft and spacecraft 30.3  

36.1 Furniture 31  

36.2 + 36.3 Jewellery & related products 32  

36.4 + 36.5 Sports goods and toys 32  

36.6 + 37 Miscellaneous manufacturing nec, 
recycling 

32  

 Repair and Installation 33 Note 5 

    

Note 1 SIC07 18 is only about 41% of SIC03 22, based on comparison of Supply and 
Use Tables 

Note 2 The match for Chemicals is complex. We have estimated the split based on 
data in the Supply and Use Tables 

Note 3 The match for Mineral Products is complex. We have estimated the split based 
on data in the Supply and Use Tables 

Note 4 The match for Basic Metals & Metal Products is complex. We have estimated 
the split based on data in the Supply and Use Tables 

Note 5 No data in SIC2003 could be found to match SIC2007 code 33. The 
energy/emissions are very small, so not particularly significant. 
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Appendix 4 - Sector Narratives and Detailed 
Output 

This appendix contains a brief narrative for each of the major industry sectors discussed in 
the main report. This contains background information on each sector gained from public 
sources and discussion with sector representatives, which supports the analysis carried out 
by providing some understanding of the changes that have occurred that will have had an 
impact on the sectors’ energy intensity. 

Chemicals 

The chemicals sector is one of the most diverse in UK industry, with thousands of products 
across the sub-sectors. Based on the GVA data, there has been an increase in output of 
more than 10% since the early 1990s until the recession in 2008, when the sector’s output 
fell sharply.  

Energy intensity in this sector will be significantly affected by the diverse product mix in the 
main product groupings of basic chemicals and consumer chemicals. Production of a number 
of basic chemical products has ceased in the UK and moved to cheaper production 
overseas. This has led to a significant reduction in non-CO2 greenhouse gas process 
emissions from the sector but will have tended to increase energy intensity as the UK 
industry concentrates on the more complex products. Energy intensity has shown an 
increase during the recession from 2008. This is likely to be mainly due to reduced utilisation 
of plant, with the energy base load distributed over a smaller volume of production. 

As with refineries below, the data reported on emissions and energy use may be distorted by 
the movement of energy sources between this sector and the energy production sector in the 
reported statistics over time. Some of the larger petrochemical producers have adjacent 
power plants that have sometimes been included in this sector and sometimes in the 
electricity supply sector (though the total across all sectors will be consistent). 

Refineries 

There has been long-term decline in overall output from the refineries sector in the UK, with 
production falling from 92,792 ktonnes in 1998 to 68,690 ktonnes in 2012, including a sharp 
decline in the recession from 2008. This has involved the closure of major refineries in 
Teesside (2009) and Coryton (2010). 

Underlying this fall in throughput has been a shift in product mix, with the industry out-
sourcing some of the early-stage production overseas, which has resulted in an overall 
increase in energy intensity in the UK. 

Product mix changes have also been driven by regulatory requirements, including: 

 2000/2001 – introduction of 10ppm sulphur gasoline 

 2005 – move to 0.1% sulphur gas and heating oil 

 2010 – move from 50ppm to 10ppm sulphur diesel 

All of these changes have led to increased CO2 emissions in production. 

As a final note for this sector, the data reported on emissions and energy use may be 
distorted by the movement of energy sources between this sector and the energy production 
sector in the reported statistics over time. Most of the major refineries have adjacent power 
plants that have sometimes been included in this sector and sometimes in the electricity 
supply sector (though the total across all sectors will be the consistent). 

Steel 

Crude steel production in the UK fell from 16.6 mtonnes in 1993 to 9.5 mtonnes in 2011 
(though there has subsequently been an increase to 11.9 mtonnes in 2013). Declining output 
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is the main driver of energy use and emissions in this sector and, according to sector 
representatives, there have been no step changes in energy efficiency of the basic 
technologies since the early 1990s.  

There is a mix of Blast Furnace (BOS) production, mainly using coal, and Electric Arc 
Furnace (EAF) production, mainly using electricity. There has been no general shift from one 
to the other with EAF production at approximately 25% in 1993 and still at this level in 2011. 

Food & Drink 

The food & drink sector is extremely diverse with thousands of products. Overall production 
in the sector has increased slowly over the period 1990-2011 driven by the increase in 
population of the UK. This sector is one of the least affected by recession and, although 
there was a fall in production in the late 2000s the sector has already recovered to higher 
than pre-recession levels of production.  

Energy intensity in this sector is likely to be significantly affected by product mix changes and 
the analysis carried out for this project shows a structural effect of a gradual shift to 
subsectors with higher energy emissions. There has been a general trend towards the 
production of more convenience foods that require more energy use in production. This 
implies that the energy intensity improvement in this sector would have been even greater 
without this product mix change. 

During the 2000s there has been considerable rationalisation of the sector. Over the lifetime 
of the Food & Drink Federation’s (FDF) Climate Change Agreement (CCA) the number of 
sites has fallen from approximately 1050 to 830 sites, for the same level of production. This 
rationalisation will have resulted in reduced energy intensity. 

Collecting data from this diverse sector can be difficult and the sector has raised concerns 
over the energy and emissions data reported by the ONS and in DUKES. They are in 
discussion with DECC to look at revisions to this. 

Cement & Lime 

These industries are dominated by a small number of large producers in the UK (currently 7 
major operators). Production from the sectors was impacted severely by the recession from 
2008, largely due to fall in construction, and in steel production (which is the main consumer 
of lime). Output from the cement sector fell by 35% in the recession, although imports have 
increased. This partly explains why UK output has fallen more than the GVA data would 
indicate. 

Product mix in the sectors has also changed. Production in the cement sector has shifted 
away from energy intensive high-strength cement (CEM1) to lower strength product (CEM2) 
using pulverised fuel ash. In the Lime sector there are three main products: sintered (which is 
passed through the kiln twice), high-calcium (supplied to the steel sector) and hydrated. 
Sintered and hydrated lime are more energy intensive to produce and the energy intensity of 
this sector will have increased during the recent recession as the less intensive high-calcium 
lime production has fallen. 

This sector has larger CO2 process emissions than any of the others. These are directly 
linked to production and so increased gradually from 1992-2007 but then fell sharply during 
the recession. 

In common with some other sectors, the cement and lime sectors have concerns over the 
quality and validity of the energy and emissions data reported by DECC and the ONS. They 
are involved in work with government to look at ways to improve this data. 

Paper 

The UK paper sector consists of a small number of large paper mills and a very large number 
of ‘downstream’ paper conversion companies producing a range of paper products. The 
paper mills dominate the energy consumption and emissions from the sector. They had a 
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significant increase in overall production in the 1990s, followed by a steady decline during 
the 2000s. A large number of mills closed in 2008, without a large change in production as 
two new mills were opened, rationalising production. This will have resulted in a significant 
improvement to energy intensity. 

Product mix in the sector has changed away from high quality printing/writing grade paper 
(high energy intensity) towards production of more tissue/hygiene paper (medium energy 
intensity) and packaging material (low energy intensity). This change will have resulted in a 
reduction in energy intensity overall. 

As with some other sectors, the paper sector have concerns about the quality and validity of 
the energy and emissions data reported for their sector, which they believe to be overstated. 

Ceramics & Glass 

The ceramics and glass sectors had significant falls in production during the recession 
beginning in 2008. Sector representatives report that, although they believe there have been 
continuing improvements in underlying technical energy efficiency, energy intensity figure will 
mask this due to other effects. 

 The recession has meant that many furnaces are operating under their design 

capacity. This results in under-utilisation and the energy base load being distributed 

across a smaller amount of production 

 Capital and funding for investment has been impacted resulting in much longer times 

between furnace rebuilds in the Glass industry. Significant step changes in efficiency 

occur each time a rebuild takes place, so delays result in continued deterioration in 

efficiency 

 In the glass sector there has been a decrease since 2006 in the availability of good 

quality cullet (recyclable glass). This has resulted in higher melting energy use in 

container glass production particularly 

It is also worth noting that, in glass in particular, it is not easy to ‘mothball’ a furnace. Once a 
glass furnace cools it may be impossible to restart it. 

There have also been longer term changes to the product mix from these sectors, towards 
higher specification products requiring more energy to produce. For example, in the flat glass 
sub-sector UK manufacturers have installed electrical coaters and laminators and in the 
container glass sector there is a move towards more complex/distinctive packaging with 
more decoration and unique shapes, which may result in higher rejection rates. 

Motor Manufacture 

The production of motor vehicles in the UK increased in total from 1992 to 2007 and then fell 
sharply in 2008-2009. Since then production has recovered almost to pre-recession levels 
and it is forecast to continue increasing. Production has therefore been the dominant effect 
on energy use over the past seven years. 

The industry in the UK has changed significantly since 1990. Several of the large (mainly US) 
volume car producers have closed to be replaced by (largely Japanese) producers, who tend 
to be more efficient in production. At the same time there has been a general and continuing 
trend in UK manufacture towards production of larger, higher specification and higher value 
vehicles. These vehicles are significantly more energy intensive to produce and this will drive 
up the overall energy intensity of the sector. 

Significant developments in the sector include: 

1992 Toyota and Honda production begins 

1998 Toyota additional capacity comes on stream 

2001 BMW MINI production begins/Honda second plant put in/Vauxhall ceases car production at 
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Luton 

2002 Ford closes car production at Dagenham and volume production at Halewood 

2005 MG closes 

2006 Peugeot closes 

2008 Tata buys Jaguar Land-Rover. Recession begins - several plants go on temporary shutdown. 

2013 Ford closes commercial vehicle production 
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Appendix 5 – Further Disaggregation Analysis 

This appendix gives a description of some of the attempts that have been made as part of 
this project to disaggregate the effects of drivers further. Some of these were inconclusive 
and highlight issues related to the lack of specific data. 

Weather related effects 

For some sectors of industry there will be an effect on the consumption of energy, and 
therefore CO2 emissions, due to the weather. For example most sectors will see higher fuel 
consumption for space heating in a cold year and some will have higher consumption for 
cooling in hot years. Some of the food and drink sub-sectors may also have higher 
consumption for crop-drying after a particularly wet year. 

To examine these effects an attempt was made to correlate the energy consumption of 
different sectors against degree day data. This data is available for the UK as a whole and 
for different regions and gives an indication of the difference between actual temperatures 
and the long-term average, which in turn gives an indication of how much heating or cooling 
may have been required. Data was obtained for the years 1996 to 2011. 

This analysis using degree days was inconclusive. No clear correlation could be drawn 
between energy use and degree days for any sub-sector. This does not mean that no effect 
exists (it almost certainly does) but the level of disaggregation of the data does not allow for 
a detailed enough analysis. The data for energy is only available for fairly large sub-sectors 
at a national level on an annual basis. This means that for each sub-sector it is only possible 
to attempt a correlation for a small number of values (one for each of 16 years). Any weather 
related effects are therefore disguised by other larger effects such as output changes. 

Materials purchases effects 

All sectors purchase raw materials, in the form of commodities such as agricultural products, 
mining products etc., and manufactured products from other sectors that they then use to 
produce their own final products.  

The LMDI method was used to assess a breakdown of the energy intensity driver into two 
components as follows, in order to disaggregate the energy used per unit of materials 
purchased: 

      

   
  

         

   
  

      

         
 

In order to do this data for ‘Materials’ was defined for this project as the purchases from all 
SIC2007 sectors 01 to 33, excluding 05 (coal and lignite) and 19 (coke and petroleum 
products) by each of the manufacturing sectors (10 to 33), i.e. all raw materials (e.g. from 
agriculture and mining) and manufactured products purchased, excluding energy products.  

The intention here was to try to split out the effect of changing input prices and GVA from the 
use of energy. 

Data for this exercise was obtained from the ONS Supply and Use Tables and was 
converted to constant prices using the Purchaser Price Index (PPI) for inputs to each of the 
sectors in manufacturing (sectors 10 to 33). This results in data in £2010m. 

Figures A5-1 and A5-2 shows the result of this disaggregation for manufacturing overall for 
the period 1996 to 2007 and 2007-2011 (note that there is insufficient data on Materials to do 
this before 1996). At this level it can be seen that there is very little impact from carrying out 
this further disaggregation as the overall performance of Energy/Materials is not hugely 
different from that of Energy/GVA. 
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Figure A5-1 Disaggregating Energy/Materials for All Manufacturing 1996-2007 

 

 

Figure A5-2 Disaggregating Energy/Materials for All Manufacturing 2007-2011 

 

At individual sector level the effect of this disaggregation can be more marked as in some 
cases the change in Materials/GVA is significant over time. There may  be multiple factors 
affecting this, however, including changes in product mix, outsourcing of basic production 
(e.g. the sector is now purchasing more expensive part-produced inputs from overseas), and 
impacts on GVA such as changes in profitability. The results for each of the main industry 
sectors are discussed below. 
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Chemicals 

Figures A5-3 and A5-4 below show the results for the Chemicals sector. The first chart 
shows that materials purchases (by value) declined as a result of the recession beginning in 
2008. There is not a significant difference in using Energy/Materials compared to 
Energy/GVA on this timescale, though over a longer time period there is more of a difference 
as the product mix has changed significantly. 

Figure A5-3 Materials purchase in Chemicals at constant prices 

 

Figure A5-4 Disaggregating Energy/Materials for Chemicals 
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Refineries 

Figures A5-5 and A5-6 below show the results for the Refineries sector for 2007-2011 
(represented here by SIC07 19, which includes coke production). This period was chosen to 
compare with the charts in the main report. Materials purchases have (by value) steadily 
declined. The second figure shows some very dramatic changes year on year, which may be 
partly a result of the data quality rather than real changes. The decoupling of 
Energy/Materials from Energy/GVA from 2009 is probably representative of the  decoupling 
of GVA from production during the recession (discussed in section 3.2) and may therefore 
mean that Energy/Materials is not a better proxy for energy efficiency in this case. 

Figure A5-5 Materials purchase in Refineries at constant prices 

 

Figure A5-6 Disaggregating Energy/Materials for Refineries 
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Steel 

Figures A5-7 and A5-8 below show the results for the Steel sector. The first chart shows that 
materials purchases have fallen over time (not surprisingly given the fall in output of the 
sector). The second chart is more difficult to interpret. The divergence here is almost 
certainly due to the decoupling of GVA from production in the last three years, shown in the 
data in section 3.2.3. This shows production increasing but GVA going down, which may be 
due to a squeeze on profitability. 

Figure A5-7 Materials purchase in Steel at constant prices 

 

Figure A5-8 Disaggregating Energy/Materials for Steel 
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Food & Drink 

Figures A5-9 and A5-10 below show the results for the Food & Drink sector. The first chart 
shows that materials purchases have slowly reduced (in value terms), which may imply some 
change to the mix of products being purchased. The second chart shows some dramatic 
changes year on year which may be the result of data inaccuracies rather than real changes. 
The general trend in Energy/Materials is similar to that for Energy/GVA, except for the last 
two years’ of data. It is noticeable that for these years the materials purchases fall in value 
while GVA increases sharply, which may imply an increase in profitability. 

Figure A5-9 Materials purchase in Food & Drink at constant prices 

 

Figure A5-10 Disaggregating Energy/Materials for Food & Drink 
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Cement & Lime 

Figures A5-11 and A5-12 below show the results for the Cement & Lime sector (as 
represented by SIC07 group 23.5-6). The first chart shows that materials purchases have 
been falling slightly across the period but that Materials/GVA has also fallen, which implies 
materials purchases have fallen faster than GVA, possibly due to a change in product mix. It 
is worth noting, however, that for the Cement sector in particular much of the raw material 
used comes directly from the operators’ own quarries and will not be purchased. This change 
in the ratio of Materials/GVA may be more significant in the second chart than any change in 
Energy/Materials. 

Figure A5-11 Materials purchase in Cement & Lime at constant prices 

 

Figure A5-12 Disaggregating Energy/Materials for Cement & Lime 
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Paper 

Figures A5-13 and A5-14 below show the results for the Paper sector (as represented by 
SIC07 group 17). The first chart shows that materials purchases fell sharply at the start of the 
recession before recovering and then falling again in 2011. GVA fell by more than this, 
however, probably due to reduced profitability, and this drives the behaviour of the second 
chart. 

Figure A5-13 Materials purchase in Paper at constant prices 

 

Figure A5-14 Disaggregating Energy/Materials for Paper 

 

 

 

 

 

4600

4700

4800

4900

5000

5100

5200

5300

5400

5500

2007 2008 2009 2010 2011

M
at

e
ri

al
s 

P
u

rc
h

as
e

d
 (

£
2

0
1

0
m

)

Manufacture of Paper & Paper Products

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2007 2008 2009 2010 2011

Materials/GVA for Paper

-20%

-15%

-10%

-5%

0%

5%

10%

15%

20%

2007 2008 2009 2010 2011

P
e

rc
e

n
ta

ge
 c

u
m

u
la

ti
ve

 c
h

an
ge

 in
 C

O
2

Manufacture Of Paper And Paper Products

Cumulative EI effect

Cumulative Mat/GVA effect

Cumulative Energy/Mat effect



Drivers of Industrial Carbon Dioxide Emissions and Energy Use: a decomposition analysis 

Ref: Ricardo-AEA/ED59602/Issue Number 1 

 

Ceramics & Glass 

Figures A5-15 and A5-16 below show the results for the Ceramics & Glass sectors (as 
represented by SIC07 group 23.1-4/7-9). The first chart shows that there has been a decline 
in purchase of materials by value. In the second chart the behaviour of Energy/Materials is 
quite different to Energy/GVA. In this recession period the GVA values will have been 
depressed by impacts on profitability. 

Figure A5-15 Materials purchase in Ceramics & Glass at constant prices 

 

Figure A5-16 Disaggregating Energy/Materials for Ceramics & Glass 
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Motor Manufacture 

Figures A5-17 and A5-18 below show the results for the Motor Manufacturing sector (as 
represented by SIC07 group 29). The first chart shows an initial decline in purchase of 
materials by value, followed by a recovery. In the second chart the overall change in 
Energy/Materials is very similar to that for Energy/GVA but with a hiatus in 2009, which is the 
point at which Materials/GVA peaks, probably driven by squeeze on profitability in that year. 

Figure A5-17 Materials purchase in Motor Manufacture at constant prices 

 

Figure A5-18 Disaggregating Energy/Materials for Motor Manufacture 
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Other effects 

Other factors that may have an impact on energy emissions have been considered. These 
include the number of employees and enterprises in a sector over time. The number of 
employees may be a useful proxy in some sectors for energy use in buildings, which will be 
dominated by space heating and lighting for employees. 

Data on this is available from the ONS Annual Business Survey, although there are gaps in 
the data for some years. Data on enterprises may also be misleading in that it tends to 
include all enterprises (including sole traders), whilst energy use will be dominated by a few 
larger companies with multiple sites. 

As with weather-related effects above, an attempt has been made to correlate energy use 
with employee numbers and also to carry out multiple regression of energy use as a function 
of both materials and employee numbers. Whilst close correlations can be obtained for some 
sectors there are others where the correlations results are poor or result in non-intuitive 
results, such as a negative correlation, i.e. the energy appears to go down as the number of 
employees increases. 

With the data available it is also only possible to model data using annual figures. This 
means that changes in energy use due to efficiency are masked in any correlation. A more 
appropriate correlation requires more discrete data points (e.g. monthly) that can be used to 
correlate data for a single year and then compare year on year. These further attempts at 
analysis were therefore also inconclusive. 
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