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If we take the Paris Agreement seriously and implement it 
accordingly (well below 2 °C / efforts for 1.5 °C): 
 

      Will there be room left for international transfer  
        of mitigation results among Parties in 2050? 
 
 
!  Focus of the study is on trading among parties. 
!  Study does not look into how to get onto the 1.5 / 2 °C pathway, but 

simply assumes we are there in 2050. 
 
 

Research Question 
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Two necessary conditions apply: 

!   Physical Condition: 
There is still untapped mitigation potential available in 2050 
 

!   Economic Condition: 
There are significant mitigation cost differentials across the globe 

Conditions for Carbon Trading 
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!  We have assessed both conditions based on a comparative scenario 
assessment of 4 detailed long-term scenarios 

!  Results were cross-checked with data from the IPCC Scenario Database 

!  A series of sectoral roadmaps were consulted to fill in the gaps 

Methods and Material 
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 2DS  2°C Energy [R]evolution Advanced Energy 
[R]evolution 

Publisher International Energy 
Agency (IEA) Joint Research Centre (JRC) Greenpeace et al. Greenpeace et al. 

Model used ETP model POLES Mesap/PlaNet Mesap/PlaNet 

Regional Resolution 28 to 39 countries and 
world regions 

39 countries and  
world regions 

10 countries and  
world regions 

10 countries and  
world regions 

GHG emissions covered Energy- and process
related CO2 

All GHG Energy related CO2 Energy related CO2 

Timeframe considered 2013-2050 2010-2050 2012-2050 2012-2050 

Change in energy  and pro
cess-related global emissions 
in 2050 (vs. 1990) 

35%  
(energy and process emis

sions, CO2) 

54% 
(energy and process emis

sions, GHG) /  
61%  

(energy emissions, CO2) 

79%  
(energy emissions, CO2) 

100% 
(energy emissions, CO2) 
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Table 1: Overview and comparison of the four scenarios considered. Source: Wuppertal Institute. 

Therefore, between two countries there will be 
no trade of carbon units if abatement costs are 
on par. In fact, carbon trading itself is not for 
free but comes with substantial transaction 
costs, for example for monitoring emissions and 
measuring, reporting and verifying emission 
reductions. No net flows of mitigation units will 
occur as long as the price differentials between 
exporting and importing country are not big 
enough to cover also these transaction costs 
(see box “Linking of Emissions Trading 
Schemes”). 

2.3 Conditions for International 
Carbon Trading 

As indicated above and as built in in any trading 
instrument that aims at a steering effect on the 
traded units, the definition of the conditions for 
carbon markets is the result of a highly political 
decision-making process. Whether or not inter-
national carbon trading occurs is much more a 
question of political ambition and preferences 
then of any hard-wired natural or economic 
preconditions. In the following, we will never-
theless lay out a set of essential conditions for 

international carbon trading. As we shall 
demonstrate below, these conditions are only 
violated under rather extreme conditions. On 
the other hand, even if both of these conditions 
are met, this still does not guarantee that inter-
national carbon trading occurs. However, if the-
se conditions are violated, there is no room for 
international carbon trading whatsoever. 

2.3.1  Physical Condition: 
Untapped Mitigation Potential 
Remains Available 

Carbon trading will only remain possible as 
long as mitigation potential exists. That is, GHG 
are still emitted at least in some sectors, and 
technologies exist that can abate these emis-
sions.5 

�������������������������������������������������������� 
5 Even if no technologies exist to further reduce emissions 
per unit of a product produced, the production of that 
product can be reduced or phased out altogether. Either 
the product can be substituted with a climate friendly al-
ternative or the phase out comes at the cost of a welfare 
loss. Whether or not a country is willing to bear that loss, 
again, is a political question that cannot be addressed 
here. 
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Methods and Material 
 
 
Overview and comparison of the four scenarios considered 

Hermwille and Samadi (2016) 
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Results 
Physical Condition 

Situation in 2050 according to the four scenarios: 
!  Power sector has phased out CO2 emissions in the 2°C scenario 

(EC/JRC), but still emits in both the other two scenarios. 
!  Industry emissions are dominated by cement, chemicals and steel. 
!  The largest share of the remaining emissions in 2050 as projected 

for the transport sector.  
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!  No detailed data on mitigation costs available for 2050 

!  For analysis we had to revert to circumstancial evidence: 
•  strong differences in regional emissions (absolute and per capita) 
•  still prevailing differences in per capita GDP 
•  differences in technology diffusion 

 
 
 

Results 
Economic Condition 

24 May 2017 Hanna Wang-Helmreich 7 



 

 

 

Wo
rld

 

Wo
rld

 

Wo
rld

 

EU
-2

8 

EU
-2

8 

EU
-2

8 

Ru
ssi

a 

Ru
ssi

a 

Ru
ssi

a 

US
A 

US
A 

US
A 

So
ut

h A
fri

ca
 

So
ut

h A
fri

ca
 

So
ut

h A
fri

ca
 

Ch
ina

 

Ch
ina

 

Ch
ina

 

Br
az

il 

Br
az

il 

Br
az

il 

Ind
ia 

Ind
ia 

Ind
ia 

Me
xic

o 

Me
xic

o 

Me
xic

o 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Actual 2DS 2°C 

2010 2050 

10
00

 U
SD

 (2
00

5)
 PP

P 

Wo
rld

 
OE

CD
 No

rth
 Am

eri
ca

 
La

tin
 Am

eri
ca

 
OE

CD
 Eu

rop
e 

Af
ric

a 
Mi

dd
le 

Ea
st 

Ea
ste

rn
 Eu

rop
e /

 Eu
ras

ia 
Ind

ia 
Ot

he
r A

sia
 

Ch
ina

 
OE

CD
 As

ia 
Oc

ea
nia

 

(Advanced) Energy [R]evolution 

Figure 6: Per capita gross domestic product in 1000 USD (2005) in purchase power parities of selected world regions. 
Values include actual data for 2010 and scenario assumptions for 2050 from all three studies. Note that Greenpeace et al. 
use the same assumptions in both “Energy [R]evolution” and “Advanced Energy [R]evolution”. Source: Wuppertal Institute. 
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Scnario "2°C" (EC 2016) 

Scenario "2DS" (IEA 2016) 

Lukas Hermwille and Sascha Samadi 

One very generic assumption is that, all else be-
ing equal, mitigation should be cheaper in less 
developed regions. The argument supporting 
this claim is that it should be easier to build up 
low carbon infrastructure from scratch than re-
placing existing high-carbon infrastructure, es-
pecially when this high-carbon infrastructure 
has to be discarded before the end of its sched-
uled lifecycle (stranded assets). 

If we take this premise for granted, two particu-
lar indicators from the scenarios may lead us 

closer to an answer: per capita GDP (in pur-
chase power parities) and per capita emissions. 
Figures 6 and 7 show that significant disparities 
in the state of development prevail in 2050 in 
all scenarios. 

The scenarios concur with regard to the differ-
ences in per capita CO2 emissions by world re-
gion in 2050: In all three scenarios that still re-
port emissions by 2050, per capita emissions 
are expected to be higher than the global aver-
age in Europe and especially in the USA (North 

Figure 7: Per capita emissions in selected world regions as projected by the “2°C” and “2DS” scenarios. 
Source: Wuppertal Insitute  based on JRC / European Commission (2016)  and IEA (2016).  

� 
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Results 
Economic Condition: 
Differences in regional emissions 
 
Per capita emissions in 2050 in selected world regions 

Hermwille and Samadi (2016) 
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Lukas Hermwille and Sascha Samadi 

3.1 Sectoral Breakdown 

3.1.1 Energy Transformation Sector 

As stated above, the energy transformation sec-
tor in all scenarios is projected to be largely de-
carbonized in all world regions. The JRC / Euro-
pean Commission study assumes that by 2050 
still some 23% of global electricity demand is 
met by fossil fuels including some coal capaci-
ties. However, almost all of the remaining ca-
pacities will be used with CCS. CCS is also fore-
seen for the use of biomass so that emissions of 
the power sector in the “2°C” scenario even be-
come net negative. 

Similarly, in the IEA’s “2DS” scenario only 5% of 
electricity demand is met by coal and gas with-
out CCS (and 12% with CCS power plants). The 
Energy [R]evolution scenario, despite being the 
most aggressive of the three scenarios that still 
project emissions, nevertheless predicts that 
8% of the electricity demand is met by fossil 
fuel sources, predominantly natural gas. This 
can be explained by two of the central premises 
of the scenario: a quick phase out of nuclear 
power and non-utilization of CCS technologies.  

The power sector is generally expected to pro-
vide the widest and cheapest mitigation oppor-
tunities (cf. IEA, 2016, p. 69). This is why all sce-
narios project that these opportunities will be 
largely realized by 2050. Nevertheless, even the 
more ambitious scenarios still project the use of 
fossil fuels without CCS in the power sector. 
Abating these emissions in the end will be a 
matter of cost and not of technical feasibilities. 
Figure 3, below, suggests that the deployment 
rate of CCS technologies, alongside other fac-
tors such as the availability of suitable storage 
sites, may depend on the developmental state 
of the host country. 

n.a. 
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Figure 3: Share of emissions avoided in natural gas power 
production through the use of CCS by world region as pro-
jected by the “2DS” scenario. 
Source: Wuppertal Institute based on IEA (2016). 

3.1.2 Industrial Sector 

As stated above, emissions from the industrial 
sector include both energy-related emissions 
and process-emissions, i.e. emissions originat-
ing inter alia from chemical reactions in the 
production process. A comparison of the three 
studies is difficult because each study takes on 
a different approach. The IEA aggregates both 
types of emissions, the study by JRC / European 
Commission provides separate data on both 
types of emissions, and Greenpeace et al. only 
consider energy-related emissions.  

A breakdown of industrial emissions in the 
“2DS” scenario with respect to the most emis-
sion intensive sub-sectors is provided in figure 
4 below. The chemicals, cement, and iron and 
steel sub-sectors remain the largest industrial 
polluters despite realizing substantive and in 
fact the largest absolute emission cuts of all in-
dustrial sectors as compared to the reference 
scenario. 
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Results 
Economic Condition: 
Differences in technology diffusion 
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America), China and Russia (Eastern Eu-
rope/Eurasia), also in the Middle East in two of 
the scenarios. Per capita emissions are expected 
to be lower than the global average in Africa. 
However, notable differences exist in regard to 
India. 

The differences in per capita CO2 emissions be-
tween the world regions are significant in all 
three scenarios: For example, in the USA in the 
“2°C” scenario, emissions are about six times 
higher than in Africa. In the “2DS” scenario, per 
capita emissions are almost three times as high 
in Russia compared to Brazil. In the “Energy 
[R]evolution” scenario, energy-related CO2 

emissions in Eastern Europe/Eurasia are almost 
7 times higher than in Africa. 

These findings again correspond with the IPCC 
scenarios. Of those scenarios in the IPCC data-
base that specify regional per capita emissions, 
only two scenarios (both applied in the Phoenix 
2012 model) achieve equalization of per capita 
emissions. The mean difference between the 
highest and lowest regional per capita emis-
sions of the most ambitious scenarios in the 
IPCC AR5 scenario database (category 1) is 2.27 
tonnes, the maximum difference is 5.73 tonnes 
(IPCC, 2014a). 

It is therefore safe to say that significant differ-
ences in the material wealth will prevail at least 
until 2050. These differences imply a higher ca-
pacity to pay for mitigation technologies. In the 
absence of a carbon market that would allow 
for a levelling of abatement across the globe, it 
can be assumed that more expensive mitiga-
tion options will be explored first in more pros-
perous world regions. 

This argument is also supported by differences 
in the diffusion rates of particular mitigation 
technologies. Unfortunately, this kind of infor-
mation is extremely scarce in the reviewed 
studies. The only exemption is information with 
respect to the diffusion of CCS technologies. 
The IEA study does provide some data on this 
aspect. Figure 3 above indicates that in natural 

gas based power production, virtually all re-
maining generation capacity is projected to be 
equipped with CCS technology in the US, Russia 
and the EU, whereas for India, China and other 
South-East Asian (ASEAN) countries below 20% 
of emissions from natural gas power produc-
tion are avoided with CCS. Similar disparities 
are present when it comes to CCS in the indus-
trial sector (see figure 8 below). 

Figure 8: Share of emissions avoided through the use of 
CCS in the industry sector as projected by the “2DS“-
scenario. Source: Wuppertal Institute based on IEA (2016). 

�
� 
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Share of industrial emissions  
avoided through CCS  

Share of emissions avoided in natural 
gas power production through CCS  

Hermwille and Samadi (2016) based on IEA (2016) 



!   There is no indication that or the physical or the economic condition for 
carbon trading may be violated by 2050. 

!  Carbon Trading will not be obsolete in 2050, even if we are on track of 
meeting the 1.5 °C target. 

!   Estimate the potential volume of trade would require making assumptions 
with respect to political dimensions (what is the fair share of each country) 
as well as more detailed data regarding regional/sectoral abatement costs. 

 
 

Conclusions 
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Thank you very much 
for your attention 
The full paper is available at: 
www.carbon-mechanisms.de/en/2050 

 

Hanna Wang-Helmreich | hanna.wang-helmreich@wupperinst.org 
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POLICY 

 

 
    

 
  

Carbon Markets in a <2 °C World:  
Will There Be Room for International 

Carbon Trading in 2050? 
Lukas Hermwille and Sascha Samadi 



Parties have 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 above pre-industrial levels, recognizing that this would significantly reduce the 
risks and impacts of climate change”  
(UNFCCC, 2016, Art. 2.1a).  
________________________ 

 
Assuming we take the Paris Agreement seriously and implement it accordingly,  

!  Will there be room left for international transfer  
of mitigation results among Parties in 2050? 

 
 

Research Question 
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Figure 2: CO2 emissions in 2050 as projected in the four scenarios, breakdown by sector. Note that the “Advanced Energy 
[R]evolution” scenario projects the complete phase out of energy related CO2 emissions. 
Source: Wuppertal Institute based on IEA (2016), JRC / European Commission (2016), and Greenpeace et al. (2015). 
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Energy transformation 

Much more difficult to answer is the second or-
der research question: What kind of emissions 
and emission reduction potentials remain in 
2050? In the following, we provide an overview 
of the regional and sectoral distribution of the 
remaining emissions in the four selected sce-
narios as well as a brief outlook on the process-
es and technologies that are responsible for 
them.  

Figure 2 shows the remaining emissions in 2050 
by sector in the four scenarios. The industry sec-
tor will likely remain an important source of 
GHG emissions, it is the sector with the largest 
energy- and process related emissions in at 
least two of the analysed scenarios. In the “2DS” 
and “2°C” scenarios, the industry sector still 
emits between 6 and 7 Gigatonnes of CO2e by 
2050. 

Note that there are methodological differences 
in the three studies that make a direct compari-
son of the results difficult. The study by Green-
peace et al. only accounts for energy-related 
CO2 emissions whereas the studies by IEA and 
JRC / European Commission include process-
related emissions in the industry sector. The 
breakdown of industry emissions which is only 

available in the JRC / European Commission 
study suggests that energy-related emissions in 
industry (for example process heat), again, ac-
count for only a minor part of the sector’s total 
emissions. 

All scenarios have in common that emissions 
from the energy transformation sector (electric-
ity and district-heat) are substantially reduced. 
Emissions from the energy transformation sec-
tor are therefore likely to play a less important 
role by 2050, especially if carbon capture and 
storage (CCS) technologies are available as a 
mitigation option. 

The transport sector is expected to be another 
sector with relevant CO2 emissions, at least in 
the “2DS” and “2°C” scenarios, less so in the 
more ambitious scenarios by Greenpeace et al. 

The scenarios considered by the IPCC in general 
come to a similar conclusion: apart from non-
CO2 GHG (which are not considered here), 2050 
GHG emissions are expected to stem mostly 
from the transport and industry sector (IPCC, 
2014b, figure 6.35). 
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Results 
Physical Condition 
 
 
CO2 emissions in 2050 as projected in the four scenarios analysed by sector 

Hermwille and Samadi (2016) 
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Results 
Physical Condition 

Sectoral Breakdown: 
!   Power sector has phased out CO2 

emissions in the 2°C scenario (EC/
JRC), but still emit in both the other 
two scenarios. 

!   Industry emissions are dominated by 
cement, chemicals and steel 

!   The largest share of the remaining 
emissions in 2050 as projected by the 
scenarios result from the transport 
sector.   
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Aluminium 
4% 

Pulp and 
paper 

2% 

Cement  
25% 

Chemicals 
and 

petrochemics 
31% 

Iron and steel 
20% 

All other 
industries 

18% 

Figure 4: Shares of industrial emissions in 2050 in the 
“2DS“-scenario by sub-sector. 
Source: Wuppertal Institute based on IEA (2016). 

Chemicals and Petrochemicals 

Sectoral roadmaps show that the technical mit-
igation potential in the chemical industry may 
be substantially larger than projected in the 
“2DS” and “2°C” scenarios. According to a study 
by Cefic and Ecofys (2013), emissions of the (Eu-
ropean) chemical industry can technically be 
reduced to 90% below 2010 levels with a com-
bination of incremental improvements (energy 
efficiency measures, fuel switch, N2O abatement 
and decarbonisation of power supply) and 
heavy use of CCS.8 This is in line with the find-
ings of a study carried out for the UK, which 
likewise estimates that emission reductions of 
80-90% below 2012 levels may be technically 
possible (Parsons Brinckerhoff, WSP & DNV GL, 
2015b). 

Both of these studies do not even consider oth-
er “breakthrough” technologies such as the uti-
lization of electrolytic hydrogen, synthetic me-
thane or carbon reuse (circular economy). 
Particularly the use of hydrogen can further re-
duce carbon emissions from the sector (cf. 
Lechtenböhmer et al., 2016). 

�������������������������������������������������������� 
8 According to the study, this would require CO2 prices of 
EUR 200-300 per tonne CO2. 

Iron and Steel 

The “2DS” scenario estimates that by 2050 CO2 

emissions from the iron and steel sector can be 
reduced by as much as 66% below 2013 levels. 
This finding is supported also by a sectoral 
study focusing on steel production in the UK 
(Parsons Brinckerhoff, WSP & DNV GL, 2015c). 
However, in both studies CCS is applied only to 
a limited extent due to high expected costs. 

Moreover, both studies again do not take into 
account potential “breakthrough” technologies. 
A study by EUROFER (2013) lists a number of 
such technologies that currently are at various 
stages of development but may be technically 
available before 2050. The most ambitious of 
those technologies is alkaline electrolysis of 
iron ore. This technology would virtually elimi-
nate direct process emissions. If 100% renewa-
ble electricity is used, this process could slash 
carbon emissions by as much as 98% even 
without CCS. 

Cement 

In the cement sector it is particularly difficult to 
cut specific CO2 emissions since the lion’s share 
of emissions are process-related and originate 
from the calcination of limestone. The only so-
lution in this case would be to substitute lime-
stone as a raw material. However, no proven al-
ternatives exist to date that could be 
introduced at the required scale (Lechtenböh-
mer et al., 2016). Consequently, most sectoral 
roadmaps estimate that emission reductions in 
the range of only 30% below 1990 levels are 
possible in 2050 without the use of CCS 
(Cembureau, 2013; IEA & WBCSD, 2009; Parsons 
Brinckerhoff, WSP & DNV GL, 2015a). The “2DS”-
scenario only estimates emission reductions of 
32% below 2013 levels even including CCS. In 
contrast to that, Cembureau (2013) projects 
that with CCS, emission reductions of up to 80% 
should be possible. 
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Shares of sub-sectors in industrial emissions in 2050 
according to the 2DS scenario 


