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Introduction 

Madrid has been producing traditional production-based GHG emission inventories for more than 
10 years and London is one of the few cities in the world which has developed a consumption-
based GHG inventory, following the PAS 2070.  

PAS2070 developed by the BSI presents two methodologies for GHG emissions assessment:  
 Direct plus supply chain (DPSC) which accounts for territorial-produced emissions as well as those 
indirect emissions associated with supply chains serving the city (goods and services) and is con-
sistent with the global protocol for community-scale greenhouse gas emissions (GPC) methodol-
ogy.  

 Consumption-based (CB) which accounts for the emissions of final consumers and does not cover 
the impact of production if the goods and services are not consumed in the city.  

 

Objective 

Analyse the challenges faced by the production-based GHG emission inventory of Madrid in order 
to account for the GHG emissions from their supply chains and final consumers by comparing it to 
PAS 2070 London’s GHG inventory. 
From the comparison emerge the challenges that Madrid needs to face in order to improve the 
quality of its urban carbon accounting practices by changing the focus from the current production
-based GHG inventory to an integrated production-consumption carbon accounting system. 

Conclusions 

This study shows that a first approach to include indirect emissions from consumption of goods and services that were not included before in Madrid’s inventory dou-
bles the total GHG emissions reported by the traditional production-based inventory. Hence, Madrid should look beyond a production perspective and address the pro-
duction-consumption systems to improve the GHG inventory.  
Some challenges are faced by Madrid regarding the development of an integrated production-consumption GHG inventory:  
1) Development of a CB methodology. National-scale input-output models are not yet mature for Spain, and little is known about city-level input-output models. Lon-
don has developed a full consumption-based inventory helped by EEIO matrixes, which was impossible to compare to Madrid as the Spanish capital lacks this kind of 
analytic tool.  
2) Improvement of the cities’ statistic information systems in order to provide the data disaggregated at a local scale. Due to the limited availability of local data, na-
tional average emission factors or foreign cradle-to-gate factors have been used instead of city-level emission factors; or national or regional data had to be adapted to 
a city level using a scaling factor, such as population.  

Methodology 

For London, the available 2010 data from the application of DPSC PAS 2070 was used. Madrid´s 
GHG emissions for 2010 were calculated under the DPSC PAS 2070 methodology using as a refer-
ence the 2010 traditional production-based Madrid GHG inventory.  

  London 2010 Madrid 2010 

Sector 
GHG emissions mtCO2e GHG emissions mtCO2e 

Scope 1 Scope 2 Scope 3 Total Scope 1 Scope 2 Scope 3 Total 

Stationary 

Residential buildings 9,34 6,79 2,52 18,64 1,63 1,38 0,58 3,59 

Commercial, industrial and 
government buildings and 
facilities 5,36 12,74 3,48 21,58 1,21 3,02 0,81 5,04 

Sub-total 14,69 19,53 5,99 40,21 2,84 4,40 1,39 8,63 

Transport 

Road 6,13 0,00 2,79 8,92 2,69 0,00 0,35 3,04 

Railways 0,13 1,10 0,31 1,53 0,01 0,34 0,09 0,44 

Water-borne navigation 0,02 0,00 0,02 0,04 0,00 0,00 0,00 0,00 

Aviation 0,98 0,00 13,74 14,72 0,65 0,00 7,31 7,96 

Sub-total 7,26 1,10 16,86 25,21 3,34 0,34 7,75 11,44 

IPPU Sub-total 1,91     1,91 0,73     0,73 

AFOLU Sub-total 0,03     0,03 -0,02     -0,02 

Waste 

Waste 0,18   0,42 0,60 0,36     0,36 

Wastewater treatment 0,02   0,03 0,05 0,09     0,09 

Sub-total 0,20   0,46 0,66 0,45     0,45 

Goods and 
services 

Water 0,00   0,04 0,04     0,01 0,01 

Food and drink 0,01   10,71 10,71     3,55 3,55 

Construction 0,00   2,27 2,27     3,38 3,38 

Sub-total 0,01   13,02 13,03     6,93 6,93 

Total 24,11 20,62 36,33 81,06 7,33 4,74 16,08 28,16 

Table 1– Total GHG emissions 
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Figure 1 shows the increase of total GHG emissions with different meth-
odologies from traditional production-based to consumption-based ones. 
Madrid has not yet developed a CB inventory because Environmentally 
Extended Input Output (EEIO) matrixes have not been found at a city-
scale. 
 
Figure 2 highlights that scope 3 (indirect emissions) are the main respon-
sible for the increase in per capita GHG emissions. 

Figure 1– Per capita emissions by methodology Figure 2– Per capita emissions by scope and methodology 
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The DPSC PAS 2070 clearly reflects the effects of the consumption levels on the 
total carbon emissions of  both cities.  
 
Comparing London’s and Madrid’s GHG emissions with UK and Spain using tradi-
tional production-based methodologies, the results show that these cities have 
lower emission rates than national averages. But, if consumption-based invento-
ries are used, the results show a inverse trend: the urban emissions rates are 
higher than national ones (see figure 3).  
 
As other studies state, a correlation can be observed between GHG emissions and 
levels of socio-economic development. London with higher revenues shows 
higher per capita emissions than Madrid (figure 4).  Figure 3– National and urban per capita emissions 

Figure 4– City GDP and GHG emissions 
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Figures 5 and 6 show the main differences in per capita GHG emissions sorted 
by different sectors and subsectors for both cities. Big differences are found 
in stationary energy (both in residential and commercial buildings), transport 
(mainly in aviation and road transportation), waste (mainly in solid waste) 
and, in goods and services (mainly in construction and food&drink).  
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Figure 5– Per capita emissions by sector 

Figure 6– Per capita emissions by sub-sector 
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Disaggregation by sectors  

There are similarities between the share of GHG emissions allocated to residential buildings 
and commercial, industrial and government buildings in London and Madrid (figure 7). 
The difference between the GHG emissions could be associated with the difference in aver-
age temperatures (London 9.41ºC and Madrid 15ºC), the disparity of heating systems and 
the big difference regarding GHG emissions from grid-supplied electricity. The electricity 
emission factor for London is 0.52439 ktCO2e/GWh, significantly higher than the 0.292 
ktCO2e/GWh for Madrid. 
 
Figure 8  points out the role that indirect emissions play in the sector of stationary energy, in 
both cities scopes 2 and 3 emissions account for more than 60% of the total CO2e emitted.   Figure 7– Stationary energy emissions by sub-sector 

Figure 8– Stationary energy emissions by scope 
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A remarkable disparity which was found when look-
ing at aviation and road transportation GHG emis-
sions (figure 9). 
 
It can be observed that Madrid’s inclusion of trans-
boundary activity has increased disproportionately its 
aviation GHG emissions. London has larger airport ac-
tivity and therefore, should account for higher emis-
sions than Madrid. 

Figure 9– Transportation emissions by sub-sector 

0,0

0,5

1,0

1,5

2,0

2,5

3,0

Road Railways Water-borne 
navigation

Aviation

P
e

r 
ca

p
it

a 
tC

O
2
e

Transport GHG emissions

London

Madrid

Transportation emissions 

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,14

0,16

London Madrid

Pe
r c

ap
ita

 tC
O

2e

Waste GHG emissions

Waste sector may not seem as important 
as other sectors because of the lower GHG 
emission rates associated with it. However 
waste and wastewater management 
strategies are one of the main focus of cit-
ies’ policies to mitigate their GHG emis-
sions.  
 
Madrid accounts for more per capita GHG 
emissions than London (see Figure 10) and 
it can observed that the biggest difference 
comes mainly from the GHG emissions as-
sociated with landfill treatment (see Fig-
ure 11).  

Figure 10– Waste emissions 

Figure 11– Waste emissions by sub-sector 
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Madrid’s first approach to calculate GHG emissions associ-
ated strictly with level of consumption responds well to water 
and food&drink consumption associated emission rates.  
Nevertheless, it can be observed (figure 12) that construction 
GHG emissions are disproportionately different for London 
and Madrid. Madrid’s associated emissions are higher in a 
year that Madrid’s construction sector suffered deeply the 
economic crisis. The dissimilarity could be associated with 
consumption rates and the fact that emissions factors of ce-
ment and steel are not available at city-scale level.  Figure 12– Goods and services emissions 
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Results 
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