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ABSTRACT 

The historic climate agreement adopted by all countries in December 2015 marks a turning point towards a 
decarbonized world. Applying a long-term prospective approach, and more precisely the bottom-up optimization 
model TIAM-FR, we investigate different greenhouse gas emissions mitigation trajectories to discuss these 
pathways and the corresponding technological solutions in global and regional perspectives. The contribution to 
GHG mitigation varies according to regions’ development; as the technological choices regarding climate 
constraints and the evolution of the energy system. Climate constraints tending toward a 2°C objective involve 
significant decarbonization of the power system with considerable investments in renewable energies in the 
lower and higher constraints, as well as in carbon capture and storage technologies (CCS), notably bio-energy 
and CCS (BECCS). CCS technologies start to be installed when climate constraints are high (2°C) but not in 
scenarios expressing national pledges. It is interesting to note that in case of a ban on BECCS, the latter is 
compensated not by a higher development of fossil CCS technologies, but by an increase in renewable energies. 
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1. Introduction 

Spurred by significant awareness and following decades of negotiations and regional divisions, a historic climate 

agreement was adopted by all 195 parties at the UNFCCC, on December 12, 2015, to respond to climate issue. 

The 21st Conference of Parties (COP 21) then marked a decisive stage in the transition to a decarbonized world, 

with countries calling for a more ambitious long-term goal. With new words for a new world, they recognized 

the 1.5°C goal (without formalization) as the main long-term objective of the Agreement, “(h)olding the 

increase in the global average temperature to well below 2°C above pre-industrial levels and to pursue efforts to 

limit the temperature increase to 1.5°C” (Article 2.1(a))”. Furthermore, they recognized the need for net-zero 

emissions, which implies phasing out fossil fuel use in the long-term, “(…) to achieve a balance between 

anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second half of this 

century” (Article 4.1)”. This historical agreement marked a major milestone in climate policy and in the 

transition initiated by the (Intended) Nationally Determined Contributions ((I)NDCs). Indeed, all countries 

signed the agreement and almost all countries submitted their NDCs to UNFCCC, representing more than 98% 

of global GHG emissions. Notably, the ten largest CO2 emitters, representing nearly 76% of global emissions, 

submitted their contribution: by order of issue, China, USA, Europe (a single contribution for the 28 Member 

States), India, Russia, Japan, South Korea, Canada, Indonesia and Saudi Arabia. Considering these NDCs, and 

despite the unprecedented international mobilization, the world might still be heading towards a rise of between 

2.7 and 3 degrees Celsius (Luomi, 2016) or, according to Climate Action Tracker, between 2.4 and 2.7°C in the 

case of full implementation of the NDCs (Climate Action Tracker). Thus, to ensure that we remain on a 

compatible trajectory with the 2°C or 1.5°C boundary, the Paris Agreement requires that each country review 

these NDCs every five years from 2020, with no reduction of targets and with encouragement for individual 

states to be more ambitious. In addition, GHG emissions need to peak as soon as possible, so that countries must 

aim to achieve neutral emission in the second half of this century.  

NDCs outline their pathways until 2030, involving several potential long-term pathways. The first aim of this 

study is to explore some of these pathways considering the level of regional mitigation. To achieve this objective 

necessarily requires gradually phasing out the most polluting fossil fuels. The most advanced economies have 

already included renewable energy in their energy mix, and have planned to increase its use to achieve their 

mitigation objectives. The European Union anticipates that renewables will reach 27% of its final energy 

consumption. Japan aims to obtain 22-24% of its electricity from renewable sources in 2030, China 15% of non-

fossil in TPES by 2020 and 20% by 2030, and India 40% of its power supply capacity from renewables in 2030. 

Bioenergies are also highlighted to diversify the energy mix and contribute to mitigating CO2 emissions, as 

illustrated for example by the Indian objective of a 20% minimum blending rate of biofuel (Kang et al., 2015).  

Indeed, energy and climate change challenges call for an evolution in the global energy system, especially in the 

technological mix required to satisfy energy demands and in response to climate issues and policy. Introducing 

carbon capture and storage (CCS) increasingly appears inevitable to bring down future CO2 emissions in line 

with the limit of a 2°C temperature increase. This is all the more so if fossil fuels are to remain the dominant 

source of energy over the next decades, resulting in a drastic increase in GHG emissions to reach unsustainable 

levels. Indeed, CCS are still presented as a solution to reach ambitious climate targets, despite persistent 
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controversies in terms of significant and uncertain costs, insufficient investment and progress in terms of 

plausible, large-scale deployment, and also of infrastructures (i.e. transport, shared platform), support for 

incentives in comparison with other options, such as renewables, or the risks to environment and human health 

that question the social acceptability and the appropriate place of CCS within the portfolio of GHG abatement 

strategies. The combination of bio-energy carbon capture and geologic storage (BECCS) is also the focus of 

increasing attention, as this alternative offers an unique opportunity for net carbon removal from the atmosphere 

while fulfilling energy needs (Obersteiner et al., 2001). When stringent targets are applied, negative emissions 

become a valuable option (Azar et al., 2010; Katofsky et al., 2010; Luckow et al., 2010; Ricci and Selosse, 2013, 

van den Broek et al., 2011; van Vuuren et al., 2007, 2009).  

The aim of this study is to analyze different paths of GHG emission mitigation targets, and to discuss the future 

climate regime and the transition to a low-carbon world. We investigate different mitigation trajectories 

according to an ambitious ultimate and global target by 2050 in line with the 2°C objective, commitments 

resulting from the Paris Climate Agreement (NDCs), and regional assumptions by 2050 according to the 

optimistic/pessimistic revisions of long-term commitments. Then, we discuss possible futures for the next 

climate regime. We also focus on the energy system, notably investigating different constraints on the use of 

BECCS.  

2. Modeling approach 

This research is developed with TIAM-FR, the French version of the TIMES Integrated Assessment Model, a 

widely used, linear programming TIMES family model developed under the IEA’s Energy Technology Systems 

Analysis Program (ETSAP) (Loulou and Labriet, 2008; Loulou, 2008). TIAM-FR is a bottom-up energy system 

model. It depicts the world energy system with a detailed description of different energy forms, technologies and 

end-uses constituting the Reference Energy System (RES). The RES network links these commodities to several 

thousand existing and future technologies characterized by their economic and technological parameters in all 

sectors of the energy system (agriculture, industry, commercial, residential and transport; taking into account 

conversion and the electricity sector). The system includes the extraction, transformation, distribution, and trade 

of various energy forms and materials, and their end-uses.  

TIAM-FR is driven by end-use demand and aims to supply energy services at minimum global cost by 

simultaneously making decisions on equipment investment and operation, primary energy supply, and energy 

trade. More precisely, it minimizes the total discounted cost of the world energy system over a long time period 

under a number of environmental, technical and demand constraints. TIAM-FR is geographically integrated and 

offers a representation of the global energy system in 15 regions covering the entire world: Africa (AFR), 

Australia-New Zealand (AUS), Canada (CAN), China (includes Hong Kong, excludes Chinese Taipei; CHI), 

Central and South America (CSA), Eastern Europe (EEU), Former Soviet Union (includes the Baltic states, 

FSU), India (IND), Japan (JPN), Mexico (MEX), Middle-East (includes Turkey; MEA), Other Developing Asia 

(includes Chinese Taipei and Pacific Islands; ODA), South Korea (SKO), United States of America (USA) and 

Western Europe (EU-15, Iceland, Malta, Norway and Switzerland; WEU). In each region, TIAM-FR computes a 

total net present value of the stream of the total annual cost, discounted at 5% to the selected reference year 2010 
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and describes the entire energy system with the same level of technological disaggregation. These regional 

discounted costs are then aggregated into a single total cost which is the objective function to be minimized by 

the model while satisfying a number of technological and/or environmental constraints. The objective function 

is: 

 

where NPV is the net present value of the total cost; ANNcost (r,y) is the total annual cost in region r and year y; 

dr,y is the discount rate, refy is the reference year for discounting, years is the set of years and R the set of 

regions. 

Furthermore, the model is built with five energy service sectors (agriculture, industry, commercial, residential, 

transport) whose demand projection is based on socio-economic assumptions specified by user (GDP, household, 

population, sectorial growth, industrial production, etc.) over the time horizon from 2010 to 2100; nevertheless, 

this study investigates until 2050. The structure of the energy system is given as an output, i.e. future 

investments, type and capacity of the energy technologies, energy consumption by fuel, emissions, energy trade 

flows between regions, detailed energy system costs, and marginal costs of environmental measures such as 

GHG mitigation targets. TIAM-FR integrates several carbon capture and sequestration technologies derived 

from fossil or bioenergy resources. In the power sector, the model considers two capture technologies for 

bioplants: pre-combustion for the biomass gasification process, and post-combustion for the direct combustion 

process. Biomass co-firing in coal power plants has also been implemented in TIAM-FR, with and without 

carbon capture technologies. In the model, biomass is characterized by manifold sources - industrial waste, 

municipal waste, landfill gas, bioenergy crops, and solid biomass resources. Emission reduction is achieved 

through technology and fuel substitutions. Results of the optimization are the structure of the energy system for 

each region, i.e. type and capacity of the energy technologies, energy consumption by fuel, development of 

emissions, energy trade flows between the regions as well as the resulting required transport capacities, and 

detailed energy system costs plus information on the marginal costs of environmental measures.  

To analyze possible alternative development pathways of the future energy system we investigated alternative 

scenarios according to assumptions concerning: the long-term UNFCCC 2°C objective on the one hand, and the 

Paris Accord with the NDCs on the other hand. More precisely, we considered the Post-Paris pledges for 2030 

and made assumptions on the 2050 targets. We then compared these pledges to global scenarios compatible with 

the 2°C objective. As regards the latter, three scenarios express this goal according to a range of uncertain 

pathways of reduction percentage of GHG emission by 2050 compared to 2010:  

• UNFCCC-40: a 40% reduction of GHG emission by 2050 compared to 2010;  

• UNFCCC-50: a 50% reduction of GHG emission by 2050 compared to 2010; 

• UNFCCC-70: a 70% reduction of GHG emission by 2050 compared to 2010. 

Concerning the commitments occurring according to the Paris Accord for 2030, we consider low and high 

targets (conditional and unconditional) for the period. The various scenarios we investigate include 

𝑁𝑁𝑁𝑁𝑁𝑁 = � � �1 + 𝑑𝑑𝑟𝑟 ,𝑦𝑦�
𝑟𝑟𝑟𝑟𝑟𝑟𝑦𝑦 −𝑦𝑦 ∗ 𝐴𝐴𝑁𝑁𝑁𝑁𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑟𝑟, 𝑦𝑦)

𝑦𝑦∈𝑦𝑦𝑟𝑟𝑦𝑦𝑟𝑟𝐴𝐴

𝑅𝑅

𝑟𝑟=1
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environmental targets for different world regions over the period 2010-2050. We analyze a combination of these 

scenarios in order to provide a framework for understanding the climate context of the future regime depicted by 

the Paris Accord. This combination gives us the different trends of the ambition: 

• NDCs-2050-lolo: with the lower GHG emission reduction targets by 2030 pledged in the Paris Accord 

and lower assumptions by 2050; 

• NDCs-2050-loup: with the lower GHG emission reduction targets by 2030 pledged in the Paris Accord 

and higher assumptions by 2050; 

• NDCs-2050-uplo: with the higher GHG emission reduction targets by 2030 pledged in the Paris Accord 

and lower assumptions by 2050; 

• NDCs-2050-upup: with the higher GHG emission reduction targets by 2030 pledged in the Paris 

Accord and higher assumptions by 2050. 

Almost all countries have submitted and published their contributions to reduce GHG emissions under the 

NDCs, and notably, the three largest GHG emitters, China, USA, and Europe, representing nearly 54% of global 

emissions. With its commitment to reduce its carbon intensity by 60%-65% by 2030 in comparison with its 2005 

level, China foresees a peak in its emissions by 2030. USA has committed to contributing a 26-28% reduction by 

2025 compared to 2005, and Europe to a reduction of at least 40% by 2030 compared to 1990. We also consider 

an emission reduction of 25-30% by 2030 compared to 1990 for Russia, an emission reduction of 25-40% % by 

2030 compared to their BAU level for Mexico, and an emission reduction of 37% by 2030 compared to their 

BAU level for South Korea. For Africa, Middle East and the other Asian developing countries, we assume a 

GHG emission of 15-30% by 2030 compared to their BAU level. For Latin America, we implement the targets 

extracted from TIMES-ALyC, the TIMES model of Latin America and the Caribbean (Postic, 2015; Postic and 

al., 2016). Each NDC is implemented individually in the TIMES-ALyc model so that we can determine the level 

of GHG emissions to mitigation by 2030. The aggregated target for the whole region Central and South America 

is then implemented in TIAM-FR.  

Table I: Overview of GHG emissions constraints from NDCS by 2030 and 2050 

 

Regions
Europe 
(WEU-
EEU)

The USA 
(USA)

Australia and 
New Zeland 

(AUS)

Canada 
(CAN)

Japan 
(JPN)

China (CHI) India (IND)
Russia 
(FSU)

Mexico 
(MEX)

South 
Korea 
(SKO)

Africa 
(AFR)

Middle East 
(MEA)

Asian 
countries 

(ODA)

Latin 
America 
(CSA)

Reference 
year

1990 2013 1990

Reduction 
level

40% 26% - 28% 26% - 28% 30% 26% 60% - 65% 33% - 35% 25% - 30% 25% - 40% 37% 15% - 30% 15% - 30% 15% - 30%

Reduction 
type

Mitigation            
2010-2030 

(Low)
-33.3% -26.0% 15.5% 133% 16.1% -2.6% -20.8% 17.1% 14.7% 6.5% 15.3%

Mitigation            
2010-2030 

(High)
-35.0% -28.0% 1.1% 126.0% 8.4% -22.1% -20.8% -3.5% -5.5% -12.3% 8.6%

Reference 
year

1990 2013

Reduction 
level

60%-80% 83% 60%-80% 60%-80% 60%-80%

Reduction 
type

Mitigation            
2030-2050 
(LowLow)

-72.8% -45.9%

Mitigation            
2030-2050 

(UpUp)
-72.1% -72.2%

Industrialized countries Fast developing countries Developing countries

2005 2005 BAU
NDCs from 

TIMES-
ALyC

Emission reduction Carbon intensity Emission reduction
2030 

climate 
target 
(2025 

for USA)

2050 
climate 
target

Peak emission 2030 Peak emission 2030
Emission reduction

-33.3% -42.9% -45.9% 0% 0%

2005 2030 2030

-29.5% -25.8% -25.5%
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Table 1 presents the different NDCs of our 15 modeled regions, based on their climate targets pledged under the 

Paris Accord by 2030, and the different assumptions for 2050. It is interesting to note what these targets mean in 

terms of emissions levels and, if we translate them to the same reference year (2010), and follow the same type 

of reduction (emission mitigation). Table 1 also highlights the GHG emissions level that the regions undertake 

not to exceed (high or low) and the evolution that these pledges involve from 2010 to 2030. Europe has pledged 

a 40% reduction in GHG emission by 2030 compared to 1990 levels; this commitment represents a reduction of 

29.5% by 2030 compared to 2010, against 33.3% in the low case and 35% in the high case for the USA. China’s 

reduction of carbon intensity by 60% and 65% by 2030 compared to 2005 is equivalent to limiting the increase 

of its CO2 emissions by 15.5% in 2030 compared to 2010 in the low case and by 1.1% in the higher case. In 

India, between 2010 and 2030, the limitation of increase is 133% in the low case and 126% in the high case. This 

is due to wide variations in GDP projections. Note the significant reduction represented by Mexican and South 

Korean commitments (based on BAU level), i.e. 22% and 21% of reduction respectively in 2030 by comparison 

with 2010 in the high case. In Latin America, the NDCs are equivalent to an increased limitation of GHG 

emission, with an augmentation of between 15.3% and 8.6% over the period. In Africa, Middle East and Asian 

countries, the high case of commitments involves a reduction of GHG emissions by 3.5%, 5.5% and 12.3% 

respectively, against a limited increase in the lower case.  

The commitments to GHG emissions mitigation pledged by developed and developing countries cover 98% of 

2005 global emissions. The major question is to determine what will happen after 2030. Decisions adopted 

emphasize the need to radically increase the ambition of pledges beyond 2020 to cut GHG emissions in order to 

achieve the objective of 2°C. To place us on a compatible trajectory with this 2°C boundary, the Paris agreement 

requires that each country review these NDCs every five years from 2020, without reducing the targets and with 

active encouragement for states to do better. In addition, GHG emissions must peak as soon as possible, and 

countries should aim to achieve neutral emission in the second half of this century. Then, for the long-term 

pathways, we assumed low and high targets for industrialized countries, i.e. 60% and 80% reduction in GHG 

emissions by 2050 compared to their official reference year. For the United States, we considered the target 

indicated in the Copenhagen Accord. In its NDCs, China committed to reach a peak in its emissions by 2030. 

For all other regions, we assume an emissions peak by 2030. 

We analyze a combination of these scenarios in order to provide a framework for understanding the climate, 

technological and energy resources context of the future regime that is expected to be followed after 2020. This 

analysis of the scenario results then focuses on the pathways of GHG emissions and the regional distribution of 

the targets according to whether they involve developed, fast developing or developing countries. It is completed 

with a discussion of the technological solutions for climate issues to assess the plausibility of the challenges. 

3. Results 

3.1. Convergence with the 2°C objective and burden sharing 

Current climate pledges do not yet correlate with the agreed global objective, and are still far from the “well 

below” 2°C objective. Despite unprecedented international mobilization, if the world stays on its present path, 

global warming would still be between 2.7 and 3 degrees, with the global mean temperature rising between 3.7 
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and 4.8°C (IPCC, 2014). However, the Paris Agreement initiates the stabilization of GHG emissions. According 

to the study made by the UNFCCC on these NDCs (UNFCCC, 2016), “compared with global emission levels in 

1990, 2000, and 2010, [GHG emissions] growth is expected to slow down substantially, to 16 (8-23) per cent in 

the 2010-2030 period compared with 24 per cent in the 1990-2010 period” and the “implementation of the 

communicated INDCs would lead to sizeably lower aggregate global emission levels than in pre-INDC 

trajectories”. Figure 1 highlights that NDCs would achieve relative stabilization of GHG emissions by 2030 in 

comparison with 2010 levels, while a drastic reduction is expected to be in line with the 2°C objective, whatever 

the strength of the UNFCCC scenarios. In the long term, although the direction seems right, a move to a higher 

level is necessary. The issue is to determine the level of mitigation that each region should target to globally 

reach a decarbonized pathway consistent with the climate change fight.  

 
Figure 1: Long-term GHG emissions pathways (Gt) 

The principle of common but differentiated responsibilities played a major role in negotiations and is still active 

in structuring post-2020 negotiations. However, an ambitious emission mitigation objective does not seem 

realistically achievable without significant contribution from developing countries, especially in terms of 

technological challenges. Considering the targets pledged by countries under the framework of the Conferences 

of Parties, three groups of countries can be distinguished according to the level of their commitments: 

• "Industrialized countries", considered as responsible for past, present and future climate change, and 

committed to absolute emissions reduction targets (Europe, USA, Japan, etc.). 

• "Fast-growing countries", considered as responsible for present and future climate change, and 

committed to relative targets (in relation to their level of growth; China and India). 

• "Developing countries", considered as responsible for future climate change and/or vulnerable 

countries, some of which are committed to absolute emissions reduction targets, while others implement 

national actions, and some are committed to a relative mitigation target (according to BAU level). 

In 2005, industrialized countries represented 48% of the world’s GHG emissions against 25% for fast-growing 

countries and 27% for developing countries. In 2010, they represented 36%, 29% and 34% respectively. Thus, 

the mitigation challenge is a fair way of determining countries’ contributions, and particularly those of 

developing countries, and so, burden sharing. Their participation is essential to reach an ambitious target, and 

industrialized and fast-growing countries must assume their responsibility for GHG emissions and contribute as 

far as they are able. But are these implemented targets in line with the principles of equity and common but 
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differentiated responsibilities? 

 

Figure 2: Regional contribution to GHG emissions mitigation (Gt) in NDCs scenarios 

Figure 2 highlights the contribution of each regional group to reach their climate target in comparison with the 

business as usual (BAU) scenario. Thus, in 2050, 28 Gt of GHG are expected to be avoided in the NDCs-2050-

lolo scenario by comparison with the BAU 2050 level of emission. In other words, climate target pledges in 

NDCs-2050-lolo implies reaching a GHG emissions level of 34 Gt by 2050 instead of 62 Gt of expected GHG 

emission if nothing is done, as in the BAU scenario, i.e. a GHG emission reduction of 28Gt. The NDCs-2050-

upup scenario allows a reduction of 32.8 Gt of GHG emissions. In these scenarios, the contribution to GHG 

mitigation varies according to the region. Thus, industrialized countries reduce their GHG emissions from 8.4 Gt 

to 10 Gt respectively in the lower and higher NDCs scenarios, fast-growing countries from 12 Gt to 13.4 Gt, and 

developing countries from 7.6 Gt to 9.6 Gt. In NDCs-2050-lolo, industrialized countries represented 37% of the 

world’s GHG emissions against 39% for fast-growing countries and 24% for developing countries in 2030 but 

respectively 13%, 45% and 42% in 2050. In NDCs-2050-upup, industrialized countries represented 35% of the 

world’s GHG emissions against 39% for fast-growing countries and 26% for developing countries in 2030 but 

respectively 10%, 48% and 43% in 2050. This highlights the limits of the impact of industrialized countries’ 

decarbonization with the aim of drastically reducing global GHG emission levels and the importance of the 

contribution of developing countries, China and India.  

 

Figure 3: Regional contribution to GHG emissions mitigation (Gt) in UNFCCC scenarios 

At the global level, in the UNFCCC scenarios, from 39.7 Gt to 51 Gt of GHG have to be avoided in 2050 to be 

in the range of the 2°C objective. 43.5 Gt of GHG emissions are expected to be avoided in UNFCCC-50 by 2050 
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by comparison with the BAU level. These GHG emissions mitigations also obviously result from different 

regional contributions (Figure 3). Industrialized countries reduce their GHG emissions by 8.6, 10.1 and 11.4 Gt, 

respectively in the UNFCCC-40, UNFCCC-50 and UNFCCC-70 scenarios; fast-growing countries by 18.5 Gt, 

19.1 Gt and 23 Gt, and developing countries by 12.7 Gt, 14.3 Gt and 16.6 Gt. 

Indeed, the level of the contribution from fast-growing countries, but also largely from developing countries, 

increases with the strength of the climate target. This is less the case for industrialized countries, whose 

contributions are at the same level in NDC scenarios as can be expected in the global UNFCCC objective 

scenario (especially UNFCCC-40 and UNFCCC-50). At this level, the energy system used by industrialized 

countries is well advanced in terms of decarbonization and it appears difficult to significantly reduce their GHG 

emissions. Note that this level of contribution corresponds to that of developing countries in the NDC scenarios. 

However, contribution equality does not mean equity.  

3.2. Technological choices in mitigation efforts 

Over the entire time period, in the BAU scenario, the global power mix is dominated by fossil fuels, followed by 

hydro and nuclear, at respectively 66%, 18% and 14% of electricity generation in 2010 and respectively 67%, 

16% and 10% in 2050. Renewables represent less than 2% of world production in 2010. Their share increases in 

2050 to 7% in the BAU (Figure 4).  

 

Figure 4: World electricity production by scenario (PJ) – Pathways to a decarbonized world 

When climate constraints tend toward a 2°C objective, significant decarbonization of the power system takes 

place, whatever the UNFCCC scenario. Such a transformation of the system involves considerable investments 
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in renewable energies and carbon capture and storage technologies. The CCS option is particularly deployed in 

the more constrained scenario, where it appears as early as 2030, against 2040 in UNFCCC-50 and to a lesser 

extent in UNFCCC-40. Furthermore, the stronger the climate constraint is, the greater the CCS development is. 

Considering the NDCs scenarios, an important result is the fact that the CCS technology is not developed. To 

reach the climate target, the decarbonization of the power system results from the integration of renewable 

energies, in the lower and higher cases. Coal production of electricity is drastically reduced over the time period, 

but oil and gas plants are still used to produce electricity. In NDCs-2050-lolo, fossil fuels represent 33% in 2050. 

Hydro and nuclear represent 19% and 11% in 2050 respectively. Renewables reach 35% of the power mix 

(including geothermal, tide and wave) and bioplants generate 2% of the world’s electricity. In NDCs-2050-upup, 

in 2050, fossil fuels represent 22%, hydro 19% and nuclear 14%. Renewables reach 41% and biomass 3%.  

In 2050 the global renewable production of electricity represents 47% in UNFCCC-40, 43% in UNFCCC-50 

and, 32% in UNFCCC-70. CCS technologies represent respectively 9%, 17% and 34% in these scenarios. The 

development of CCS technologies is, to a large extent, BECCS. An interesting question could be to determine 

whether CCS remains competitive in the face of renewable energies, if BECCS, and thus negative emissions, is 

not deployed.  

 

Figure 5: World electricity production by scenario (PJ) – Sensitivity to BECCS availability 

Focusing on the intermediate global climate scenario, UNFCCC-50, Figure 5 highlights the power mix according 

to technological availability. More precisely, in UNFCCC-50-noBECCS, BECCS is forbidden but CCS in fossil 

plants is allowed, including co-firing coal/biomass plants. In UNFCCC-50-noBECCScf, BECCS is forbidden, 

such as co-firing coal/biomass plants, but CCS in fossil plants is allowed. In UNFCCC-50-noCCS, CCS is 
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forbidden, whatever the plant. It is interesting to note that the BECCS ban is not compensated by greater 

development of fossil CCS, but by an increase in renewable energies. In UNFCCC-50-noBECCScf, fossil CCS 

represents a small part of the mitigation option, and the renewables share increases again.  

As shown in section 3, the contribution to GHG mitigation varies according to the region, depending on whether 

it includes industrialized, fast-growing or developing countries. The same is true in terms of technological 

choices to deal with climate constraints and the evolution of the energy system. Concerning the power mix in 

2050 in industrialized countries, interesting results consist in the significant development of CCS technologies in 

the UNFCCC scenario – representing 38%, 16% and 5% respectively in UNFCCC-70, UNFCCC-50 and 

UNFCCC-40 – and the fact that no CCS is developed if BECCS is forbidden. In this case, in UNFCCC-50-

noBECCS, investments are made in bioplants. In the NDCs scenario, the reduction of GHG emission involves 

greater development of renewable energies but no development of CCS, whatever BECCS of fossil CCS.  

In China and India, significant investments are made in CCS technologies and particularly in BECCS. The 

strength of the climate constraints supported by this region involves the need to benefit from negative emissions. 

Unlike industrialized countries, if BECCS is banned, India and China still develop CCS technologies, to a larger 

extent co-firing plants in UNFCCC-70-NoBECCS. In UNFCCC-70-NoBECCScf, where BECCS and co-firing 

CSS are forbidden, CCS technologies remain an important option for attaining carbon constraints. Note that 

renewable energies are largely developed in all climate constraint scenarios, even in NDCs scenarios. However, 

in the NDCs scenarios, CCS technologies are not developed.  

In developing countries, the decarbonization of the energy system is possible thanks to the significant 

development of CCS technologies in the global UNFCCC scenarios and the integration of renewables in the 

system in NDCs scenarios.  

In 2050, in NDC-2050-lolo, renewables represent 9% of power generation, and 19% in NDC-2050-upup. 

Hydroelectricity represents respectively 33% and 34%. Fossil fuels remain a dominant resource to produce 

electricity in the lower NDCs scenario, even if coal almost disappears. In the UNFCCC scenario, CCS represents 

48% of the power mix in the stronger scenario, against 25% and 11% in the less constrained climate scenarios. 

BECCS represents a significant share of CCS investment in these scenarios. 

4. Conclusion and policy implications 

Tackling the problem of global climate change indeed requires a drastic reduction of total GHG emissions and a 

high level of international cooperation. The ambition of the Paris agreement is to support countries in a new 

world: a decarbonized world. Firstly, a significant gap still remains between the ambition of countries’ 

commitments and what is required in order to stay well below the 2°C temperature increase and so avoid 

dangerous climate change. This position contrasts with the inclusion of the reference to 1.5 °C in the Paris 

Agreement, even though a revision pledge is provided in the text. However, at the same time, the Paris 

Agreement can be qualified as historic and as the world’s greatest diplomatic success due to the fact that 

countries’ initial pledges appear sufficient to clearly limit the increase of global temperature, coupled with the 

institutionalization of a new paradigm, as highlighted in Bodansky (2016). To take GHG emissions mitigation 

further, a key measure of success is therefore how well, and how fast, the Paris Agreement will incentivize more 
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ambitious action (Luomi, 2016). However, while the global contribution of all countries appears essential to 

reach the ultimate goal of the Paris Accord, a fair level of contribution from developing countries has to be 

determined. Or (financially) supported. In the same way, ambitious GHG reduction by India and China is 

expected to reflect their level of growth and pace of development, but they must remain realistic. In a global 

context of drastically reducing global GHG emission levels, this study highlights the limits of the impact of 

industrialized countries’ decarbonization and the importance of a contribution from developing countries, China 

and India. At same time, it points to a significant transformation of their energy systems, even in their NDC 

context. Realistic climate targets have to be discussed in line with realistic technological change and the 

availability of technological solutions.  

More broadly, discussions investigate long-term solutions, such as the development of CCS technologies or 

renewables, in response to a constraint that influences the energy mix. The aim is to highlight the challenges. Not 

only must countries act, but technological progress must also find an adequate response to countries’ ambitions 

to expand the pool of available (or not) technologies and their mitigation potential. This not only concerns CCS 

technologies, but also non-fossil energies, like wind, solar, biomass. Thus the question of technological 

expansion is also a critical factor for the future international climate regime. Indeed, the carbon constraint 

response in these scenario analyses is often investments in CCS technologies in order to reach targets of different 

levels. However, the feasibility of avoiding the required Gt of CO2 emissions by investing in CCS technologies 

is questionable. Could the potential use of these technologies be enough to satisfy this need? This question of 

plausibility also concerns renewables. In the total primary energy supply, the shares of renewables, biomass, and 

alcohol can appear high. Their size might increase significantly with a more stringent target, but this depends on 

the cost and efficiency of renewable technologies, and their comparability with fossil fuels. Their future 

technological development is still an uncertain variable that should be taken into account. Widespread 

integration of renewables would not be possible without investment in storage technologies. Considering the 

McKinsey abatement curve, a large portfolio of technologies is available and some of them are financially 

advantageous. But some of others are yet complicated and expensive (Spiegel, 2015a,b). CCS is still quite 

expensive, but for IEA, Alberta’s Quest, a new Canadian CO2 storage project initially developed to cut 

emissions from oil sands, provides further proof that CCS can help reduce GHG emissions. However, the 

question is whether private companies are willing to invest in CCS projects. In a study on Norwegian oil 

companies, Emhjellen and Osmundsen (2013) show that a CCS project is unlikely to be implemented by a 

private company due to its low ranking and CCS projects’ negative net present value. CCS oil projects became 

profitable with the introduction of a considerable subsidy (68% of investments). Building CCS at this scale for 

climate change mitigation requires the development of incentive policies as well as a regulatory framework to 

support business models and result in widescale adoption (Rai et al., 2010). This implies that governments must 

play a decisive role in CCS technologies. The IEA, in its latest Energy Technology Perspective (ETP), reported 

that moderate progress in CCS was made in 2015 and that industry and governments will need to make 

significant investments in projects and technology development to get CCS on track to meet the expected target 

of annual CO2 storage (IEA, 2016). Significant development of CCS will also involve making storage sites 

socially acceptable, with the benefits of negative emissions due to BECCS only being effective in case of 
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sustainable use of biomass. In this area, the restoration and preservation of forests is another key factor. And so 

many more challenges remain to be overcome. 

To reach an optimistic climate constraint in line with the 2°C objective, the scale of the technological challenge 

has to be assessed. And to address these issues, the Paris Accord sends policy makers, investors and the business 

community a clear signal for decarbonization. However, the question remains of the (institutional) capacity of 

developing countries to support a decarbonized energy system and the willingness of industrialized countries to 

support them. Developing and emerging economies thus face a two-fold energy challenge: “meeting the needs of 

billions of people who still lack access to basic, modern energy services while simultaneously participating in a 

global transition to clean, low-carbon energy systems” (Ahuja and Tatsutani, 2009). In this context, more 

efficient technologies will not usually be the first choice, and the choice of a decarbonized system “will depend 

to a large extent on how quickly developed and developing countries recognize and begin to act upon their 

shared stake in achieving positive outcomes that can be managed only by working together” (ibid.). 
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