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Introduction to Input-Output Analysis 

Input-output analysis estimates the direct and indirect effects on the economy associated to a 

change in the final demand of goods and services, and it permits to know the distribution by activity 

sector of an industry’s output through the economy. The operations included in an input-output 

analysis contain, in an aggregated way, the total production account of the economy of a certain 

region, and normally, also the imported accounts.  

Input-output tables are derived from the supply and use tables. These tables are matrices 

describing the values of transactions in products and services for the national or regional economy 

categorized by product type and industry. A supply table shows which industries supply the 

different goods and services distinguishing between domestic and imports supply. Table S1 shows a 

simplified version of a supply table. 

Table S1. Schematic outline of a supply table. 

Supplies 
Producing Industries Rest of the World Total 

1 2   

Products 1 
Output of product 1 by 

industry 1 

Output of product 1 by 

industry 2 

Import values of 

product 1 

Total supply of 

product 1 

Total  Total output of industry 1 Total output of industry 2 Total imports Total supply 

As it can be noticed in Table S1, the different industries are shown in columns, while the 

products are described in the rows. Thus, from the rows it is possible to see which industries produce 

product 1, and in the columns it is possible to see all the products produce by the different industries.  

A use table is centered in the consumption matrix, which allows observing the amount consumed at 

a basic price by producing industry and product. It shows the use of goods and services categorized by 

product and by type of use. In other words, it indicates how much is allocated to intermediate 

consumption, final consumption, capital creation and exports. Table S2 shows a simplified use table.  

Table S2. Schematic outline of a use table. 

Uses Industries 
Final 

Consumption 

Gross Capital 

Formation 

Rest of 

the World 
Total 

  1     

Products 
1 

Intermediate consumption by 

product and industry 
  Exports 

Total use by 

products 

      

Total  
Total intermediate consumption 

by industry 

Final 

consumption 

Gross capital 

formation 

Total 

exports 
Total use 

Components of 

value added 
 

Compensation of employees; 

Other taxes less subsidies;  

Net operating surplus;  

Consumption of fixed capital 

    

The supply and use tables are the base to create the symmetric input-output table that allows 

observing production relations of the economic sectors or activities. Supply and use tables are not 

symmetric, since there are industries that provide more than one good and/or service and there are 

goods and/or services that are produced by different industries.  



Energies 2016, 9, 584; doi:10.3390/en9080584 S2 of S8 

 

The symmetric table is conformed as a matrix in which the producing industries are in the rows 

and columns, with the fluxes in basic prices. In order to create the symmetric table the following 

transformations have to be applied to the use table [1]: 

1. convert the table in basic prices, 

2. convert the producing industries in homogeneous industries, 

3. aggregate the products in the rows to create the homogeneous industries identic to the ones 

listed in the columns. 

In order to apply the mentioned steps, one of the following hypothesis has to be taken: 

1. product technology: it is assumed that every product is produced with the same technology 

independently of the industry in which it is produced, thus, it requires the same consumables 

for its production.  

2. industry technology: it is assumed that each industry of the table produces its different products 

with the same technology.  

Table S3 shows a simplified input-output table. The matrix shows how supply matches uses via 

an industry-by-industry categorization of output and the detailed transactions of intermediate 

consumption and final uses. 

Table S3. Schematic outline of a symmetric input-output table. 

 
Homogenized 

Industry 
Final Consumption 

Gross Capital 

Formation 

Rest of the 

World 
Total 

  1     

Homogenized 

industry 

1 
Intermediate 

consumption  

Final consumption of 

households, NPISHs 1 and 

government 

Gross capital 

formation 
Exports 

Total 

use  

      

Totals  Total supply   
Total 

exports 

Total 

use 

Components of 

value added 
      

Rest of the world  Imports     

Total       
1 NPISH—Non-Profit Institutions Serving Households. 

An input-output table can have two alternative readings: columns show how products are used 

as intermediate consumption to make products, this is the production costs, and rows show how the 

outputs of industry are used in the intermediate consumption of other industries to create the 

industrial output, this is the distribution of the production among the sectors. Now that the origin of 

the input-output table has been expounded, hereunder the mathematical structure of an input-output 

model is described. Table S4 shows again the structure of an input-output table. 

Table S4. Structure of an input-output table. 

 Input to Sectors (j) 
Final Demand  

Y 

Total Output 

X 

Output from sectors (i) 1 2 3 n   

1 x11 x12 x13 x1n y1 X1 

2 x21 x22 x23 x2n y2 X2 

3 x31 x32 x33 x3n y3 X3 

n xn1 xn2 xn3 xnn yn Xn 

Intermediate input I I1 I2 I3 In   

Value added V V1 V2 V3 Vn GDP  

Total input X X1 X2 X3 Xn   

where: 

xij are the inputs to industrial sector j from sector i 

yi is the final demand of each sector i 

Xi is the total output for each sector i 

Vj is the difference between total output Xj and intermediate input Ij 
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Thus, the total production by sector 1 is given by Equation (S1). 

X1 = x11 + x12 + x13 + ⋯ + x1n + y1 (S1) 

For calculation purposes another matrix has to be calculated. Known as the matrix of technical 

coefficients, it represents the inputs that one sector requires from other sectors to produce one 

monetary unit of output. The technical coefficients, aij, are calculated using Equation (S2). 

𝒂𝒊𝒋 =
𝒙𝒊𝒋

𝑿𝒋
 (S2) 

Therefore, aij is the need that sector j has of the products from sector i to produce one unit of the 

product j. Equation (S3) can also be expressed as: 

𝑥𝑖𝑗 = 𝑎𝑖𝑗 ∙ 𝑋𝑗 (S3) 

If Equation (S3) is substituted in Equation (S1), the total production of a sector is defined as: 

𝑋1 = 𝑎11 ∙ 𝑋1 + 𝑎12 ∙ 𝑋2 + 𝑎13 ∙ 𝑋3 + ⋯ + 𝑎1𝑛 ∙ 𝑋𝑛 + 𝑦1 (S4) 

If Equation (S4) is expanded to the different industry sectors:  

𝑋1 = 𝑎11 ∙ 𝑋1 + 𝑎12 ∙ 𝑋2 + ⋯ + 𝑎1𝑛 ∙ 𝑋𝑛 + 𝑦1 

𝑋2 = 𝑎21 ∙ 𝑋1 + 𝑎22 ∙ 𝑋2 + ⋯ + 𝑎2𝑛 ∙ 𝑋𝑛 + 𝑦2 

𝑋𝑛 = 𝑎𝑛1 ∙ 𝑋1 + 𝑎𝑛2 ∙ 𝑋2 + ⋯ + 𝑎𝑛𝑛 ∙ 𝑋𝑛 + 𝑦𝑛 

Defining the matrix of technical coefficients A which contains all the terms aij: 

(

𝑋1

𝑋2

…
𝑋𝑛

) = (

𝑎11

𝑎21

…
𝑎𝑛1

𝑎12

𝑎22

…
𝑎𝑛2

…
…
……

𝑎1𝑛

𝑎2𝑛

…
𝑎𝑛𝑛

) ∙ (

𝑋1

𝑋2

…
𝑋𝑛

) + (

𝑦1

𝑦2

…
𝑦𝑛

)   →   𝑋 = 𝐴 ∙ 𝑋 + 𝑌 (S5) 

By definition A is a non-negative matrix with aij ≥ 0 for all i and j (A ≥ 0), and each of the column 

sums is less than one (∑ 𝑎𝑖𝑗 < 1𝑛
𝑖=1  for all j) [2]. 

If we bring all X terms to the left, 

𝑋1 − 𝑎11 ∙ 𝑋1 − 𝑎12 ∙ 𝑋2 − ⋯ − 𝑎1𝑛 ∙ 𝑋𝑛 = 𝑦1 

𝑋2 − 𝑎21 ∙ 𝑋1 − 𝑎22 ∙ 𝑋2 − ⋯ − 𝑎2𝑛 ∙ 𝑋𝑛 = 𝑦2 

𝑋𝑛 − 𝑎𝑛1 ∙ 𝑋1 − 𝑎𝑛2 ∙ 𝑋2 − ⋯ − 𝑎𝑛𝑛 ∙ 𝑋𝑛 = 𝑦𝑛 

and grouping the X1 together in the first equation, the X2 in the second equation, and so on, the final 

demand can be expressed for the different sectors: 

(1 − 𝑎11) ∙ 𝑋1 − 𝑎12 ∙ 𝑋2 − ⋯ − 𝑎1𝑛 ∙ 𝑋𝑛 = 𝑦1 (S6) 

−𝑎21 ∙ 𝑋1 + (1 − 𝑎22) ∙ 𝑋2 − ⋯ − 𝑎2𝑛 ∙ 𝑋𝑛 = 𝑦2 

−𝑎𝑛1 ∙ 𝑋1 − 𝑎𝑛2 ∙ 𝑋2 − ⋯ + (1 − 𝑎𝑛𝑛) ∙ 𝑋𝑛 = 𝑦𝑛 

Being I the identity matrix n x n and considering the technical coefficient matrix A: 

𝐼 = (
1 ⋯ 0
⋮ ⋱ ⋮
0 ⋯ 1

)      so then (𝐼 − 𝐴) = (

(1 − 𝑎11) −𝑎12 … −𝑎1𝑛

−𝑎21 (1 − 𝑎22) … −𝑎2𝑛

⋮ ⋮ ⋱ ⋮
−𝑎𝑛1 −𝑎𝑛2 … (1 − 𝑎𝑛𝑛)

) 

Then 

(𝐼 − 𝐴) ∙ 𝑋 = 𝑌  

thus 𝑋 = (𝐼 − 𝐴)−1 ∙ 𝑌 (S7) 

which represents the required economic purchases, direct and indirect, of a country or region to cover 

a final demand. The term (I-A)−1 is the Leontief inverse matrix which represents all the direct and 
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indirect requirements in the supply chain. For input-output coefficient matrix (A) with the two 

characteristics mentioned above (aij ≥ 0 and ∑ 𝑎𝑖𝑗 < 1𝑛
𝑖=1  for all j) Equation (S7) can also be expressed by: 

𝑋 = (𝐼 − 𝐴)−1 ∙ 𝑌 = (𝐼 + 𝐴 + 𝐴2 + 𝐴3 + ⋯ ) ∙ 𝑌 (S8) 

The different terms of Equation (S8) represents the production of the desired output or final 

demand (I·Y), the contributions from the first suppliers level (A·Y), the second indirect suppliers level 

(A2·Y), etc. [3]. The term (I-A)−1 is the Leontief inverse matrix that describes the direct and indirect 

requirements of the supply chain required to satisfy one unit of final demand Y.  

Table S5. List of economic activity sectors included in the WIOD and its code. 
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Table S6. Assignation of inventory components to industrial sectors in the manufacturing of cells. 

 

Table S6. Assignation inventory components to industrial sectors in the manufacturing of BCU. 

 

Table S7. Assignation inventory components to industrial sectors in the manufacturing of the modules. 
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Table S8. Assignation inventory components to industrial sectors in the recycling stage. 

 

Table S9. Top 5 economic activity sectors contributing to each of the total impacts assessed. The list 

of codes with the corresponding economic activity sector is included in Table S1.  
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Figure S1. Geographical resolution and country contribution to Terrestrial Acidification of the life 

cycle stages of the ESS. 

 

Figure S2. Geographical resolution and country contribution to Photochemical Oxidation Formation 

of the life cycle stages of the ESS. 
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Figure S3. Geographical resolution and country contribution to Particulate Matter Formation of the 

life cycle stages of the ESS. 
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