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Summary 

The paper explores different options to calculate a target for the Effort Sharing sectors in 2050 

which could be considered in line with the Paris Agreement and with the agreed EU’s overall target 

range. While there is no objective best option there are a few constraints and considerations for 

each option: 

 To remain in line with most global emission pathways the EU’s 2040 emissions would need 

to be below a mere interpolation between the 2030 and 2050 targets. 

 The EU’s agreed 2050 targets are in line with global pathways which rely (i) on large scale 

negative emissions in the second half of the century to compensate exceeding the 

permissible budget before and (ii) without taking into account historic responsibilities for 

climate change. The feasibility and likelihood of net negative emissions on a scale of several 

Gt CO2/yr as required for these pathways is rather uncertain. This approach based on 

reliance on negative emissions and without taking historic emission into account might 

therefore not be in line with Art. 191 of the Lisbon Treaty which requires that environmental 

policy “shall be based on the precautionary principle and on the principles that preventive 

action should be taken, that environmental damage should as a priority be rectified at source 

and that the polluter should pay” (European Council 2007).  

 Pathways which do not rely on negative emission would require net zero emissions as of   

2050 at the latest.  

 Pathways which are based on equal cumulative per capita emissions for the period 1990-

2050 would require massive negative emissions in the EU before 2040. 

To reflect the precautionary principle and the polluter pays principle emissions in 2050 should at 

least be at the lower range of the EU target, i.e. 95% below 1990. For the ESR this also translates 

to a reduction of at least 95% below 2005 levels or no more than 170 Mt CO2eq.  
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1. Background 

Since the adoption and implementation of the Kyoto Protocol the EU and its Member States have 

set both international GHG targets as well as domestic targets. The EU emissions trading scheme 

(ETS) limits emission from many stationary installations and started in 2005. As of 2013 the non-

trading sectors (mainly surface transport, buildings, agriculture, small industry and waste) are 

addressed with obligatory emission pathways under the Effort Sharing Decision (ESD or Effort 

Sharing Regulation (ESR) from 2021 onwards) as well. For 2030 the EU has committed itself to 

reduce emission by 40% below 1990 and broke that target down into reduction pathways for the 

ETS and the non-ETS sectors. For the period 2030 to 2050 only an overall mitigation corridor has 

been adopted so far: the EU intends to reduce emissions by 80-95% compared to 1990 until 2050.  

The purpose of this paper is to estimate emission targets for the Effort Sharing sectors in 2050. To 

do so, firstly different global emission limits in that year are discussed based on the objective of 

Paris Agreement. The EU’s share of these emission budgets or targets is then calculated based on 

different approaches. In a final step the split between the ETS and ESR sectors is calculated and 

the emission targets determined. The output is a range of possible quantities depending on the 

assumptions and choices made in the first three steps. 

2. 2050 GHG targets 

2.1. Global carbon budgets and pathways after the Paris Agreement 

In the Paris Agreement Parties agreed to holding the increase in the global average temperature to 

well below 2 °C above pre-industrial levels and pursuing efforts to limit the temperature increase to 

1.5 °C (UNFCCC 2015). Achieving these targets requires substantial emission reductions until 

2050. The remaining cumulative GHG budget from 2015 onwards to remain below 1.5°C with a 

probability of 50% is 390 Gt CO2eq compared to current yearly emissions of about 49 Gt CO2eq; to 

stay below 2°C with a 66% probability limits, permissible cumulative emissions can go up to 

850 Gt CO2eq (IPCC 2014; van Vuuren, D. P. et al. 2011). At constant current emission levels that 

budget would be used up in 9 years and 20 years respectively. Assuming a linear reduction path 

from 2015 onwards global emissions would have to reach net zero around 2030 to reach the 1.5°C 

target; for the 2°C target zero emission would need to be achieved by 2050 (Figure 1, blue 

pathways). To allow for a slower phase-out of GHG emissions many scenarios foresee an 

overshooting of the total budget until 2050. Overshooting means that the budget will be exceeded 

in the short term but achieved until 2100 through net negative emissions in the second half of the 

century. Net negative emissions occur when absorption of CO2 through land-use, CCS and other 

processes is higher than the remaining emissions. The green pathways in the figure show 

scenarios with net negative emissions in the second half of the century.  
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Figure 1: Global GHG emission pathways 

 

Source:  own calculations based on van Vuuren, D. P. et al. (2011), IPCC (2014), UNEP (2016) 

Notes:  Blue pathways are based on the total permissible budget with a linear reduction until net zero emissions are reached. The green 
pathways overshoot the budget by 2050 and require net negative emissions in the second half of the century. For the 1.5° 
pathway the net sink would need to be 550 Gt CO2eq between 2050 and 2100. This is equivalent to the emission between 2015 
and 2030; the pathway also allows global temperatures to increase above 1.5°C during some period before 2100. In the 2° case 
the net sink 2050-2100 would need to be 220 Gt CO2eq (UNEP 2016). 

 

2.2. The EU’s climate targets 2030 and 2050 

In the run-up to the 2009 Copenhagen Climate Conference the Council of the European Union set 

an mitigation range of 80% - 95% below 1990 levels for 2050 for the EU (Council of the European 

Union 2009). This ranged was based on global mitigation pathways compatible with limiting the 

temperature increase to 2°C and reduction ranges for industrialised countries published by the 

IPCC. In 2014 the Council also adopted a target of 40% below 1990 for the year 2030; this target is 

broken down into a target for the sectors covered by the EU ETS and a target for the sectors not 

covered by the trading scheme which will be addressed by the Effort Sharing Regulation 

(European Council 2014)1.  

These targets adopted by the Council can be compared to the global reduction pathways shown in 

Figure 1. To do so, the EU’s share of the global permissible emissions needs to be determined. 

For this paper 3 different approaches have been used: 

                                                           
1
  International aviation is included in the EU’s target in the scope of the EU ETS (EU 2015). As the aviation ETS is 

currently under revision it is not yet clear what the scope will be after 2020. For the purposes of this paper the half 
scope is used, i.e. all flights departing at an EU airport independently of destination. This is closely related to fuel 
sales for aviation in the EU. This approach is consistent with assessments done in other EU reports (e.g. EEA 
(2016b)). 
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 Share of global population: The underlying assumption in this approach is per capita 

emissions in 2050 should be equal. They can be calculated either based on the current 

population or on the expected population in that year. In 2015 6.9% of the global population 

lived in the EU; until 2050, the EU’s share is projected to decline to 5.4% (Eurostat 2013; UN 

DESA 2015).  

 Share of global emissions: In the grandfathering approach the remaining budget/share of 

the annual pathway is divided based on current emission share, i.e. favouring countries with 

high per capita emissions. In 2015 the EU was responsible for 8.8% of global GHG 

emissions (EEA 2016a; van Vuuren, D. P. et al. 2011).  

 Historic responsibility: In this approach equal cumulated per capita emissions 1990-2050 

are used to calculate the EU’s emission budget. The calculation reflects that countries with 

high historic emissions have a stronger obligation to reduce their emissions than countries 

which have had low emissions in the past. Until 2030 the adopted EU target path is used 

together with the population data for 2015 to calculate total emissions, i.e. it is assumed that 

the targets until 2030 will not be changed anymore.2 

 

Table 1: EU’s GHG targets and reduction pathways based on global emissions 

 

Source:  Own calculations based on van Vuuren, D. P. et al. (2011), IPCC (2014), UNEP (2016), UN DESA (2015), Eurostat (2013), 
EEA (2016a). 

Notes:  For an explanation of the approaches used to calculate the EU targets see the text above the table. 

 

  

                                                           
2
  An alternative would be to aim for equal per capita emissions in the period 1990-2100. This would lead to significantly 

reduced obligations in 2050. 

1990 2010 2020 2030 2040 2050

1.5° (50%, no overshooting) -59% -96% -100% -100%

2° (66%, no overshooting) -49% -66% -83% -100%

1.5° (50%, with overshooting) -32% -53% -75% -90%

2° (66%, with overshooting) -37% -49% -64% -72%

1.5° (50%, no overshooting) -68% -97% -100% -100%

2° (66%, no overshooting) -60% -74% -87% -100%

1.5° (50%, with overshooting) -47% -63% -80% -92%

2° (66%, with overshooting) -51% -60% -72% -78%

1.5° (50%, no overshooting) -46% -95% -100% -100%

2° (66%, no overshooting) -33% -56% -78% -100%

1.5° (50%, with overshooting) -11% -38% -66% -87%

2° (66%, with overshooting) -17% -33% -52% -63%

1.5° (50%, no overshooting) -20% -40% -180% -180%

2° (66%, no overshooting) -20% -40% -152% -152%

1.5° (50%, with overshooting) -20% -40% -132% -132%

2° (66%, with overshooting) -20% -40% -122% -122%

Adopted EU targets 0% -8% -20% -40% -80-95%
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Table 1 and Figure 1 show the results of the calculations. The data shows, that 

 the 2020 and 2030 targets are only adequate under the assumption, that the EU’s budget 

should be based on grandfathering and that global emissions will become negative (net sink) 

after 2050. Under all other approaches the short- to mid-term targets are not adequate to 

limit climate change to well below 2°C. 

 any approach based on historic responsibility requires that the EU would become a net sink 

before 2040 with negative emissions in 2050 at least as high as emissions were in 1990. 

 the EU’s 2050 targets are in the range of possible targets required to achieve the objective of 

the Paris Agreement if overshooting is allowed, i.e. if global emissions after 2050 will become 

net negative. Under the 1.5°C scenario with overshooting, the emission budget 2015-2050 is 

780 Gt CO2eq while the negative emissions between 2050 and 2100 need to remove 

550 Gt CO2 from the atmosphere again. 

 independently of the approach used to calculate the EU’s share of the 1.5°C pathway without 

overshooting the EU would have to reach net zero emissions before 2035. In the 2°C 

pathway without overshooting zero emissions would need to be achieved by 2050. 

 

Figure 2: EU’s GHG targets and reduction pathways based on global emissions 

 

Source:  own calculations based on van Vuuren, D. P. et al. (2011), IPCC (2014), UNEP (2016), UN DESA (2015), Eurostat (2013), EEA 
(2016a) 
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3. Possible ESR budget in 2040 and 2050 

3.1. Split ETS – ESR in 2040 and 2050 

Based on the EU’s emission targets for 2040 and 2050 it is then possible to calculate the emission 

limit for the ESR sectors in those years. To do so assumptions on the split between the trading- 

and non-trading sectors need to be made. Several approaches were used for  

 Difference between the target and the ETS sectors:  

Under the ETS a linear reduction factor until 2030 has been established. This factor can 

applied to all years until 2050 and used to calculate the ETS budget (850 Mt CO2eq in 2040 

and 365 Mt CO2eq in 2050). The ESR budget would then be the difference between the ETS 

and the overall target. 

 Constant shares:  

In this approach the split between ETS and ESR is kept constant and applied to all 

subsequent years. In 2030 the split is approx. 40% ETS and 60% ESR3. 

 Non-energy emissions:  

For emissions from energy use the full deployment of renewable energies is a viable 

mitigation strategy. Remaining emission budgets will only be made available for sectors 

where mitigation is more difficult, i.e. emissions from industrial processes (covered by the 

ETS) and agriculture (covered by the ESR). Emissions from the waste sector and use of 

fluorinated gases would also need to decline to zero in 2050.   

Between 1990 and 2008 both sectors had more or less equal emissions: In 2009 emissions 

from industrial processes dropped and emissions from the agriculture sector are 15% higher 

(EEA 2016a). This value is used to determine the respective shares of the EU’s total 

emissions in 2040 and 2050.  

3.2. Different ETS and ESR budgets in 2040 and 2050 

Based on the different approaches to estimate a fair emission target for the EU in 2040 and 2050 

and the different options to divide the target between the ETS and the ESR a vast range of targets 

can be calculated. The full results are included in Table 2 in the Annex. Out of these many do not 

seem likely, desirable or with limited additional value: 

 Targets based on historic responsibility  

Targets based on a fair share of the cumulated emissions 1990-2050 require negative 

emissions of 3-13 Gt CO2 in 2050 from the ESR sectors alone.  

 Constant LRF  

The LRF was developed with a specific GHG target for 2050 in mind. Only in the context of 

the 80% below 1990 target is the resulting relationship between ETS and ESR emissions 

realistic. Even then, the ESR share drops from approx. 60% in 2030 to 45% in 2050. Under 

more ambitious targets the ESR would need to become a net sink to compensate the 

unchanging ETS emissions. 

 Constant shares or non-energy emissions  

The difference between the two approaches to split total emissions between ETS and ETS 

are rather small compared to the overall spread.  

  

                                                           
3
  The exact value depends on the scope of the aviation ETS. 
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Figure 3 therefore only shows the potential ESR emission targets for 2040 and 2050 based on the 

constant shares split and only for the 1.5°C/2°C scenarios with and without overshooting. Without 

overshooting the ESR sectors would need to become emission neutral in 2050 at the latest. If 

overshooting is allowed and historic responsibilities are not taken into account the EU’s targets 

(orange bars) are within the range of necessary emission reductions in 2050 if – and only if – 

global emissions would become negative shortly thereafter. To reach the 1.5°C target massive 

negative emissions would be required in the second half of the century.  

 

Figure 3: Range of ESR targets in 2040 and 2050 

 

Source:  own calculations  

Notes:  - The split ETS/ESR is based on constant shares after 2030. 
- The EU target in 2040 is calculated by a linear interpolation between the 2030 and 2050 targets. It is not formally adopted 
but seems a likely step between the agreed targets. 
- The bars show the range of the targets based on the following approaches to determine the EU’s share of global emissions: 
population 2015, population 2050 and emissions 2015. The approach including historical emissions is not included but would 
require substantial negative emissions in 2050 from the ESR sectors. 
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Annex 

 

Table 2: ESR budget in 2050 

 

Source:  Own calculations 

Notes:   A negative sign means net negative emissions, i.e. the Effort Sharing sectors would need to remove CO2 from the atmosphere. 

 

 

[Mt CO2eq] [below 2005] [Mt CO2eq] [Mt CO2eq] [below 2005] [Mt CO2eq] [below 2005] [Mt CO2eq] [below 2005] [Mt CO2eq] [below 2005]

1.5° (50%, no overshooting) -850 -130% -850 0 -100% 0 -100% 0 -100% 0 -100%

2° (66%, no overshooting) 58 -98% -850 545 -81% 0 -100% 485 -83% 0 -100%

1.5° (50%, with overshooting) 611 -79% -293 877 -69% 334 -88% 782 -73% 298 -90%

2° (66%, with overshooting) 1 237 -57% 750 1 252 -56% 960 -66% 1 116 -61% 856 -70%

1.5° (50%, no overshooting) -850 -130% -850 0 -100% 0 -100% 0 -100% 0 -100%

2° (66%, no overshooting) -141 -105% -850 426 -85% 0 -100% 379 -87% 0 -100%

1.5° (50%, with overshooting) 292 -90% -415 685 -76% 261 -91% 611 -79% 233 -92%

2° (66%, with overshooting) 781 -73% 400 979 -66% 750 -74% 872 -69% 669 -77%

1.5° (50%, no overshooting) -850 -130% -850 0 -100% 0 -100% 0 -100% 0 -100%

2° (66%, no overshooting) 309 -89% -850 695 -76% 0 -100% 620 -78% 0 -100%

1.5° (50%, with overshooting) 1 015 -64% -139 1 119 -61% 426 -85% 998 -65% 380 -87%

2° (66%, with overshooting) 1 815 -36% 1 193 1 599 -44% 1 226 -57% 1 425 -50% 1 093 -62%

1.5° (50%, no overshooting) -5 416 -290% -13 423 -2 740 -196% -7 544 -365% -2 442 -186% -6 725 -336%

2° (66%, no overshooting) -3 807 -234% -10 204 -1 774 -162% -5 613 -297% -1 582 -156% -5 003 -276%

1.5° (50%, with overshooting) -2 669 -194% -7 929 -1 092 -138% -4 248 -249% -973 -134% -3 787 -233%

2° (66%, with overshooting) -2 097 -174% -6 784 -748 -126% -3 560 -225% -667 -123% -3 174 -211%

80% target 1 444 -49% 297 1 376 -52% 688 -76% 1 227 -57% 613 -78%

95% target 1 014 -64% -563 1 118 -61% 172 -94% 997 -65% 153 -95%

EU 

targets

ESR emissions calculated as 

difference to ETS (LRF) constant ETS/ESR shares

2040 2050

share of non-energy emissions

2040 20502040 2050
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