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1 Introduction
Within the Federal Statistical Office of Germany a research project on an extended input-output model for the calculation of embodied energy and carbon-dioxide (CO2) emissions was carried out
. This project intended to improve the calculations on embodied energy and CO2-emissions done so far with a special focus on an improved calculation of the CO2-content of imported goods. Special analysis was done on the factors affecting the results – particularly the type of I/O model (hybrid model vs. monetary model), the regionalisation of imports by countries using country specific technology assumptions, country-specific emission factors and the impact of aggregation/disaggregation. The paper gives first a short overview of the main characteristics of the environmental extended input-output (EEIO) model. Following, major findings of the analysis on the impacts of certain model characteristics are presented. The analysis covers the period 2000 - 2007.
2 Environmental Economic Input-Output Model for energy and CO2 emissions

The implemented EEIO-model is not of a multi-regional type in which all regions are completely linked to one another
. German imports are regionalised – for 14 countries of origin – but the economies of the countries of origin are not linked to each other. Moreover technical coefficients of the trading partners of Germany are mainly taken from the domestic IO-table. Instead of a sophisticated modelling of the linkages between all regions involved more emphasis has been given to an adequate disaggregation of the domestic IOT and an accurate configuration of the most important energy consuming branches on the territory and of the trading partners. In order to get a reliable mapping of the backward linkages of energy consumption, a hybrid approach was chosen.
The integration of the physical energy flows improved the results significantly
. In addition to the integration of the physical energy flows, figures on the production and use of steel by the trading partners have been included. This allowed a direct linkage of CO2 emissions with the (physical) output of steel production. 
In the implemented EEIO-model, country-specific production conditions are only taken into account for important energy intensive branches – such as for the energy transformation sectors, the steel industry, the aluminium branch and the pulp and paper branch
. For those industries the physical energy inputs in Germany and in the countries of origin are completely captured in physical terms.  The other inputs of those branches – included on a monetary basis – are taken from the IOT for Germany. This approach requires that energy inputs for the branches shown on a country-specific basis are standardised to match the German production level. 

A primary reason for not completely including the production conditions of the supplier countries is that the chosen disaggregated calculation approach has no adequately disaggregated national IOT for the countries mentioned available
. Apart from this, the hybrid calculation approach facilitates more detailed consideration of important energy consuming branches in this country and in the supplier countries.
From a conceptional point of view, the emphasis lies on the energy and CO2 content of the goods supplied by the trading partners. The backward linkages triggered in the direct supplier countries by the German imports and the resultant energy input is assigned completely to the direct supplier country with this approach
. The comprehensive, detailed linking of regions or countries is reserved for multi-regional IO analysis.

Country-specific characteristics are included as follows in the energy input and CO2 emission coefficients irrespective of how the production links of supplier countries are shown. In the energy sectors (7 sectors), in steel production (NACE Rev. 1: 27.1-3), the aluminium industry (27.42) and cellulose and paper production (21.1) special coefficients are calculated for all supplier countries (see Chapter 4.3.2-4 of the project report). For pipeline transportation (60.3) special energy and emission coefficients were calculated for Norway and Russia – the main supplier countries for natural gas and crude oil imports. These calculations take account of the special input of energy sources in terms of transport and transport length. For the other sectors CO2 emission coefficients could only be calculated for the European supplier countries. Here the data collected and published by Eurostat on emitted air pollutants based on economic sectors was used
. As no comparable data on energy consumption are available for European – and non-European countries – the domestic coefficients were taken when calculating the energy coefficients for these sectors. It may be possible to integrate further country-specific energy coefficients by evaluating the national energy balance sheets for sectors of the manufacturing industry.

Overview: Availability of energy and CO2-emission coefficients by industries/branches and supplying countries of German imports
	Region \ Industries
	Energy branches
	Steel, aluminium, pulp and paper production
	Other branches

	
	Energy
	CO2
	Energy
	CO2
	Energy
	CO2

	European countries
	X
	X
	X
	X
	-
	X

	Other countries
	X
	X
	X
	X
	-
	-


Source: Federal Statistical Office of Germany, Environmental Economic Accounting 2010

3 Hybrid approach vs. monetary I/O-model

Most often in environmental extended input-output analysis (EEIOA) input-output tables based exclusively on monetary values are used. In the analysis of embodied energy and CO2 this tables have some major drawbacks: 

1. They do not take account of inhomogeneity with regard to transactions of a certain branch (price differentiation within a certain commodity group).
2. Physical inputs of branches, like energy, may be inconsistent with monetary inputs.
3. There may be monetary transactions between branches or within a branch without a physical equivalent, e.g. distribution services in the distribution of electricity.

Table 1 shows the results of the calculation of embodied CO2 for commodities in the year 2006. The calculations are based on the one hand on a monetary table for 67 branches (IOT on domestic production – tables published for national purposes are published for 71 branches
). The hybrid model   on the other hand is based on an IOT in which the monetary values for the use of energy commodities and the domestic production of energy are substituted by their calorific values.

Table 1: Total CO2-content of commodities in the monetary and hybrid calculation model 2006 (domestic production)
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Total 729,3 727,1 2,2 0,0

of which (selected branches with 

high absolute deviations):

Electricity, district heating 198,3 146,6 51,7 35,3

Chemicals (excl. pharmceuticals) 36,7 54,4 -17,7 -32,6

Basic iron , steel 41,3 44,3 -3,0 -6,8

Non-ferrous metal products 5,8 8,9 -3,0 -34,2

Health and social services 20,5 23,6 -3,0 -12,9

Pulp, paper 8,9 11,7 -2,8 -23,9

Source: Federal Statistical Office, Environmental -Economic Accounting
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Whereas the total CO2 content is almost identical, significant differences in the CO2 content of certain commodities can be observed. These commodities are produced in branches with a high consumption of electricity and prices of electricity far below the average price. The percentage in energy consumption based on physical amounts therefore lies above the percentage based on monetary values. In a calculation based on a hybrid table this results in much higher CO2 figures for those commodities compared to a calculation based on monetary values. The figures for “electricity” are strongly influenced by monetary inputs without physical equivalent: the electricity branch has a significant monetary input of distribution services purchased by the electricity branch itself. This leads to a deficient imputation of CO2 values for that (electricity) input.

3. 1 Effects of a quantity-based calculation (hybrid I/O model) taking the example of steel imports to Germany
With the hybrid calculation approach the CO2 emissions are calculated using the quantity information on the production and use of goods. Table 2 shows the result of a quantity-based calculation for steel imports to Germany. These figures are compared with the result of a value-based calculation. A comparison is made also for the quantity calculation by using either a unique emission coefficient from Germany (A1) or national emission coefficients for the countries under consideration (A2). This also facilitates an assessment of the impact of using different CO2 emission coefficients.

Table 2: Imports of steel and steel products to Germany and embodied CO2 emissions 2007

[image: image2.emf]Unit FR NL BE RS Total

Basic iron and steel, steel products mn tons 4 382 4 791 4 060 1 660 38 924

mn Euro  3 746 2 756 3 157  994 31 850

Euro/ton 0,855 0,575 0,778 0,599 0,818

Quantity calculation (A1)  1) 1,14 4 996 5 462 4 628 1 892 44 373

Quantity calculation (A2)

4 420 4 013 3 795 3 083

national emisssion coefficients 2) tons/tons steel 1,01 0,84 0,93 1,86

 576 1 449  833 -1 191

in % of A1 11,5 26,5 18,0 -63,0

Monetary calculation (B)

Output (Euro mn) 2.44 3

)

9 140 6 725 7 702 2 425 77 714
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0,57  

1)

5 180 3 811 4 365 1 374 44 041

- 184 1 651  263  518  332

in % of A1 -3,7 30,2 5,7 27,4 0,7

1) With emission coefficient for Germany (tons CO

2
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 / Euro 1,000) .

3) Inverse coefficient (IOT Germany 2007).

Source: Federal Statistical Office, Environmental-Economic Accounting
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In this example the use of different emission coefficients has a considerable influence on the results. The national emission coefficients show great differences here – with a corresponding impact on the emission content of goods (see differences account A1-A2). Russia shows the highest direct emission coefficients (1.86 tons of CO2 per ton of steel). They exceed German coefficients (1.14 t CO2 / t steel) by 63 %. The (direct) emission coefficients of the three other countries show slightly lower values. The direct emission-coefficients are in a large part determined by the share of electric furnace steel in total steel production. The increased production of electric furnace steel results in an increased use of electricity which does not result in direct CO2  emissions but emissions at the generation of electricity.
Comparing the results of the quantity account (A1) with the value account (B) for the CO2 emissions – both based on emission coefficients for Germany – those show in part substantial absolute and relative differences. The countries of origin, whose imports have below-average prices show higher emissions for the quantity account than for the value account, and vice versa. For iron and steel imports the percentage differences for the Netherlands and Russia of 30.2% and 27.4% respectively are particularly high.

4 Level of aggregation
The level of aggregation in EEIOA has a major impact on the results
. As mentioned before, in the project an approach was followed that uses a disaggregation of energy branches and of selected energy intensive branches for which data could be generated (cf. table 3). On basis of the national IOT with a breakdown of 71 branches an IOT with 73 branches was compiled (R73).  
Table 3: Breakdown of branches in the hybrid I/O-model by 73 and 67 branches

	NACE1
	Branch
	R73
	R67

	
	
	
	

	   10.1
	Hard Coal
	X
	

	10.2/3
	Lignite
	X
	

	23.1
	Coke oven products
	X
	

	   23.2
	Refined petroleum products
	X
	

	23.3
	Nuclear fuel
	X
	

	24.1
	Basic chemicals
	X
	

	24R(ex.24.4)
	Other chemicals
	X
	

	27.42
	Aluminium
	X
	

	27.4R
	Other non-ferrous metal products
	X
	

	40.1
	Electricity
	X
	

	40.3
	District heating
	X
	


1) NACE Rev. 1.
For a comparison of embodied energy and CO2 figures were calculated on the R73 and the R67 level
. 
For a number of sectors there are significant differences between the two calculations. For 18 of the 67 sectors there are deviations of more than 5% in the energy content (for the CO2 content: 12 sectors). For 5 sectors there are deviations of more than 10% in the energy content (CO2 content: 2 sectors): 
Table 4: Energy and CO2 content of goods in I/O models with different levels of computational detail (67 and 73 sectors respectively):
- number of commodity groups with percentage deviations -
	More than 5%
	More than 10%

	energy
	CO2
	energy
	CO2

	18
	12
	5
	2


The following table contains – for the energy content – results for selected commodities with significant deviations.
Table 5: Energy content of goods 2006 according model with different breakdown
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24 R Other chemicals 1.341,6 1.304,6 37,0 2,8 34,2 15,2 68,2

85 Health services 385,4 349,0 36,4 10,4 36,1 37,9 52,4

80 Education services 206,2 174,0 32,2 18,5 30,4 81,0 36,4

92 Cultural a. sport services 123,6 112,1 11,5 10,3 11,5 43,3 52,5

27.1-3 Basic iron, steel 508,1 546,2 -38,1 -7,0 -20,6 -20,1 99,5

29 Machinery 390,8 404,7 -13,9 -3,4 -12,7 -10,4 88,5

34 Motor vehicles 589,6 600,1 -10,5 -1,8 -9,9 -5,1 80,7

60.1 Railway services 117,5 124,9 -7,4 -5,9 -8,9 -16,5 98,2

1) Of domestic production.

3) 73 calculation breakdown energy (IOT) respectively 67 branches

Source: Federal Statistical Office, Environmental-Economic Accounting. 

2) Electricity in a percentage of direct purchases of electricity and district heat.

CPA Commodities

Energy content 

1)

of which: 

electricity and 

district heating

Share 

electricity 

2)

R67-R73 R67-R73

petajoule PJ


In addition to the total energy content the table includes also the energy content from the use of electricity and district heating in goods production. Obviously a major portion of the total difference for energy content can be explained by the difference in the sub-quantity "electricity and district heating". 

The results show that goods requiring a relatively high proportion of electricity for their manufacture (share of electricity consumption of total consumption of electricity and district heating, see last column of the table) have a smaller energy content in the aggregated calculation than in the disaggregated calculation and vice versa. This is due to the very much higher energy coefficients in electricity generation by comparison with district heating generation. With electricity generation very much higher energy losses arise (a reduced efficiency in energy conversion), than with heat generation. With the disaggregated calculation these losses are precisely assigned to the relevant purchasers, whereas in the case of the aggregated calculation an average energy coefficient (weighted with domestic production) is used for the electricity and district heating generation sector. Subdividing the "Electricity and district heating generation" sector into two subsectors – as in the R73 analysis model – leads therefore to a substantial improvement in the assignment of energy to final demand.
Further analysis showed that there are two factors that are responsible for the differences between the disaggregated and the aggregated calculation: firstly the variations in demand for upstream activities based on differences in input coefficients and secondly the differences in the emission coefficients for the subsectors (in this comparison especially between electricity production and district heating generation).
5 Regionalisation of imports
The EEIO-model distinguishes imports by 14 countries of origin which – with the exception of Sweden – are of the greatest importance for imports according to foreign trade statistics (see table 6).

Table 6: Imports of goods by country of origin 2006

[image: image4.emf]Country of origin Euro mn Country of origin Euro mn

France 62 102 8,5 Russia 30 020 4,1

Netherlands 60 750 8,3 Japan 24 016 3,3

China 49 958 6,8 Poland 21 226 2,9

USA 49 197 6,7 Spain 19 832 2,7

Italy 41 470 5,6 Norway 19 646 2,7

United Kingdom 40 832 5,6 Sweden 12 900 1,8

Belgium 33 388 4,5 Sum 495 637 67,5

Austria 30 301 4,1 Total 733 994 100,0

Source: Federal Statistical Office, Foreign Trade Statistics

% of total % of total


Sweden was additionally included because of its importance in the importation of cellulose and paper – an energy-intensive production process, which differs sharply from the process in Germany with regard to its energy input.

The import values are determined country-by-country in a breakdown in line with the Product Classification for Production Statistics (GP)
 based on a special evaluation of foreign trade statistics. In this special evaluation both volume details (in kilograms) and values (in euros) were evaluated for two and three digit entries – in some cases even four digit entries. The import details for energy sources are given in calorific values (terajoules). These details are taken from various official and association statistics.

In the case of the imports re-exports are excluded first – by deduction. Re-exports are imported goods that are re-exported without being changed in the ‘transfer’ country. As they do not remain in the country the energy used in producing them and the associated CO2 emissions need not to be assigned to domestic statistics. The level of re-exports appears by commodity group in the import-IOT. The ratio of re-exports to imports as a whole determined on this level is used for the country-by-country assessment of re-exports.

The total energy and CO2 content of imported goods to Germany is higher for regionalised calculation of imports while taking into account country-specific energy input conditions and national CO2 emission coefficients, than for a non-regionalised calculation and the assumption of domestic production conditions.
The energy content of imports in the year 2007 would be about 21% lower and the CO2 content 13.2% lower when assuming domestic production conditions, than the results based on a detailed, regionalised calculation. This has different impacts on the level of the energy and CO2 content of the entire final demand with 9.4% for energy content and 5.4% for CO2 content (see table 7).
Table 7: Energy- and CO2-content of goods for final use using a regionalised and a non-regionalised approach for imports
[image: image5.emf]2000 2007 2000 2007 2000 2007 2000 2007

domestic goods 716 755 716 755 0 0 0,0 0,0

imported goods 444 528 408 458 36 70 8,1 13,2

Total 1 159 1 284 1 123 1 214  36  70 3,1 5,4

domestic goods 10 381 10 580 10 381 10 580  0  0 0,0 0,0

imported goods 7 488 8 826 6 481 7 000 1 007 1 825 13,4 20,7

Total 17 869 19 405 16 862 17 580 1 007 1 825 5,6 9,4

Source: Federal Statistical Office, Environmental-Economic Accounting.
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The reason for the higher level of energy and CO2 content in the regionalised calculation is that on average more energy is used for producing imports in the supplier countries than applies to domestic production. And so of the four greatest supplier countries (for imports) in 2007 – France, Netherlands, China, USA – all apart from the Netherlands had a higher specific energy input than Germany (see Table 8). For CO2 emissions the gap between Germany and other countries is in general significantly lower. This is due to the comparatively high CO2 output in Germany for electricity generation because of a high proportion of hard coal and lignite used in electricity generation. Electricity generation is the branch that has a strong impact on the overall results.

Between 2000 and 2007 the differences in energy and CO2 content of imported goods have increased in the regionalised and non-regionalised approach. A main reason is the higher than average growth of the imports from countries with a relatively high specific energy consumption and high CO2-emissions, e.g. China and Russia. For Russia increased imports of natural gas and crude oil are particularly taken into account. The transport of these energy sources causes increased CO2 emissions.
To compare energy consumption and CO2 emissions in the countries of origin with Germany a calculation was done using total final demand in Germany for 2007 and taking the country specific technical parameters (see table 8).
Table 8: Level of energy consumption and CO2-emissions by country using German expenditure level of final use for 2007
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FR 118,6 67,0 AT 81,6 81,9

NL 88,6 93,2 BE 99,7 68,5

NO 71,4 38,5 PO 100,5 130,6

IT 86,1 85,9 CH 120,0 139,3

UK 99,7 99,5 RS 110,7 96,0

ES 95,8 82,8 US 104,1 102,7

SE 89,6 54,5 JP 110,2 99,0

Source: Federal Statistical Office, Environmental-Economic Accounting.

Country Country

D=100 D=100


As far as energy content and CO2 emissions are concerned, some countries occasionally present very substantial differences by comparison with Germany. France and China have very much higher figures than Germany as far as energy input is concerned, as do China and Poland when CO2 emissions are considered. Norway and Sweden have comparatively lower emissions than Germany for CO2 emissions. Firstly, the differences for energy input and CO2 emissions from the German level can be explained by differences in the efficiency of the energy used for the energy sectors and the energy-intensive industries, and secondly by a different kind of energy mix (nature of the energy sources used). For example, the low level of CO2 emissions in France can be explained by the high proportion of – emission-free – nuclear power stations; in Norway and Sweden a higher input of renewable energies such as hydroelectric power leads to lower CO2 emissions than in Germany. Countries such as China, Poland and Russia have a comparatively high proportion of fossil energy sources – such as coal and natural gas – among the total energy inputs, especially as far as electricity generation is concerned. They therefore discharge higher CO2 emissions than Germany.
6 Conclusions

The comparison of EEIOA for energy and CO2 emissions based on different aggregation levels and different units (physical or monetary values in the IOT) shows significant deviations in the results for embodied energy and CO2 - for domestic production as well as for imports. For an energy and CO2 model a hybrid approach using physical values for energy flows is recommended. The analysis for Germany showed that aggregation/disaggregation has a significant impact on the distribution of embodied emissions over commodities and also on the level of embodied emissions of imports.
For the calculation of embodied energy and CO2 of imports, often a multi-regional approach is used. This approach has the advantage of completely linking regions and consistently mapping backward linkages of regions. For individual country studies a detailed regionalisation of imports, using a detailed industry and commodity level, may be favorable, especially if country specific technology parameters are included. International energy data from the energy balances are particularly suited for  an integration into hybrid EEIO-models. 
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� One of the first EEIOA on global emissions of trade based on a multi-regional approach was done by Ahmad (2003) in an OECD project. In this study IOT for 24 countries were used. A detailed report was published by OECD in 2003 (OECD 2003). A more recent detailed study on basis of a MRIO analysis for CO2 emissions is from Davis/Caldeira (2010). This study comprises a great number of individual countries (113) for which consumption and production based emissions embodied in trade are estimated. The IOT used comprise 57 industry sectors. 


� Data on the use of energy sources could be taken from the energy flow accounts which are part of the regular publication of the Environmental Economic Accounts (EEA 2010).


�  The impact of country specific parameters on emissions embodied in imports were analysed also in a Danish study: Rormose/Olsen/Hansen (2009). There the impact of applying country specific emission intensities and applying country specific I/O tables for 51 trading partners of Denmark were analysed. For Denmark it showed that using country-specific parameters had a strong impact on the level of CO2 emissions whereby the effect of country-specific emission coefficients had a much greater effect than changes in the I/O model.  


� The OECD provides detailed IOTs for a large number of countries (42 countries) in it’s "Structural Analysis (STAN) Database”: see OECD (2006): The OECD Input-Output Database: 2006 Edition, STI Working Paper 2006/8 N. Yamano, N. Ahmad, Oct. 2006. However, the detailed tables (broken down into 48 sectors) with a range of subdivisions important for IO analysis are for a large number of countries – for the European countries for example – not available (see Table 4 in OECD 2006).


Link with OECD-STAN Database: � HYPERLINK "http://www.oecd.org/document/3/0,3343,en_2649_34445_38071427_1_1_1_1,00.html" ��Input-Output Tables� (http:/www.oecd.org/sti/inputoutput/).


� One exception is aluminium imports, where the imports of raw or secondary aluminium of the direct supplier countries are analysed in greater detail and impacts of their production are taken into account additionally.


� Eurostat: Sector "Environment", database: Physical flow and hybrid accounts (env_ac_ainacehh)


� HYPERLINK "http://epp.eurostat.ec.europa.eu/portal/page/portal/environment/data/database" ��http://epp.eurostat.ec.europa.eu/portal/page/portal/environment/data/database�


� Input-Output tables are published on a national level for 71 homogenous branches (publication only available in German language), cf. Statistisches Bundesamt, Input-Output Rechnung (2011). The most recent release refers to the year 2007 and the NACE Rev.1 classification. Harmonised tables in A60 format for Germany are published by EUROSTAT.  


� M. Lenzen (2011) analysed in a recent publication the advantages and disadvantages of aggregation in EEIOA. In his conclusions he emphasizes the advantage of a disaggregation of input-output data (p.87).


� Next to a disaggregation of important energy consuming branches a few branches in the mining and the service sector data were aggregated. The aggregation of those branches for the R71 IOT results in a R67 table.


� Federal Statistical Office: Product Classification for Production Statistics, 1995 edition.
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