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Preface  

Both the models concerning the future climate evolution and its impacts, as well as the models 

assessing the costs and benefits associated with different mitigation pathways face a high degree 

of uncertainty. There is an urgent need to not only understand the costs and benefit s associated 

with climate change  but also the risks, uncertainties and co -effects  related to different 

mitigation pathways  as well as public acceptance (or lack of) of low -carbon (technology) 

options. The main aims and objec tives of TRANSrisk therefore are to create a novel assessment 

framework for analysing costs and benefits of transition pathways that will integrate well -

established approaches to modelling the costs of resilient, low -carbon pathways with a wider 

interdisci plinary approach including risk assessments. In addition TRANSrisk aims to design a 

decision support tool that should help policy makers to better understand uncertainties and risks 

and enable them to include risk assessments into more robust policy design .  
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Executive Summary  

This study assesses the changes in air pollution emissions and subsequent effects on health that 

are likely to result from a global mitigation pathway consistent with a 2ºC stabilization 

objective. The effects of different scenarios that consider different  technological options and 

limitations are explored (see òD.4.3 Implications of different mitigation portfolios based on 

stakeholder preferencesó).  

The framework of the analysis is divided in three parts. First, the Global Change Assessment 

Model (GCAM) is used to allocate the greenhouse gas emission reduction needed and to provide 

the mitigation costs and the associated reduction in air pollutants up to 2050. Second, emission s 

from air pollutants per scenario, region and period are introduced in the Fast Scenario Screening 

Tool model (FASST-TM5), which provides fine particulate matter ( PM2.5) and ozone (O3) 

concentration levels and estimate s health impacts in terms of premature deaths. Third, the 

Value of Statistical Life (VSL) approach, based on data from the OECD, is used to monetize these 

impacts. The results show that climate change mitigation efforts will result in significant 

reductions in emissions of black carbon, sulphur dioxide, nitrogen oxides among other pollutants, 

and consequently also in PM2.5 and O3 concentration levels.  

In the 2ºC scenario with all the technologies available, premature deaths are likely to be 

reduced by 15% in 2050: From 4 Million to 2.85 Million  relative to a baseline scenario . In the case 

of a scenario with a limitation on bioenergy premature death s can even be reduced by as much 

as 23% (to 2.6 Million). These estimat es suggest that the co-benefits in terms of health may 

amount to double the mitigation cost globally .  The model  can also provide detail ed information 

about the regional location s and drivers of those gains. Remarkably, health benefits more than 

offset mitigation cost in India (by 5 times) and Ch ina (by 2.8 times) as the costs of mitigation are 

low and the pollution levels are very high. A sensitivity analysis also shows that even in the mo st 

pessimistic and extreme scenario a large fraction of the mitigation cost would still be covered.  

This analysis shows, in a consistent global framework, that relevant co -benefits can be found 

independently of the mitigation pathway selected . It  provides further  evidence that local air 

pollution and climate change concerns can go hand in hand in the developing world.  
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1 EC SUMMARY REQUIREMENTS  

1.1  Changes with respect to the DoA  

No changes with respect to DoA 

1.2  Dissemination and uptake  

See D4.4 summary. 

1.3  Short summary of results (<250 words)  

This study assesses the changes in air pollution emissions and subsequent effects on health that 

are likely to result from a global mitigation pathway consistent with a 2ºC stabilization 

objective. The effects scenarios that consider d ifferent technological options and limitations are 

explored using a framework that links the Global Change Assessment (GCAM) model with the Fast 

Scenario Screening Tool (FASST-TM5) model. The results show that climate change mitigation 

efforts will result in significant reductions in emissions of black carbon, sulphur dioxide, and 

nitrogen oxides among other pollutants, and consequently in PM2.5 and O3 concentration levels. 

In a 2ºC scenario with all the technologies available, premature deaths are likely to be reduced 

by 15% in 2050: from 4 Million to 2.85 Million. In a scenario with a limitation on bioenergy 

premature deaths may even be reduced by as much as 23% (to 2.6 Million). Our estimations 

suggest that the co -benefits in terms or health may amount to double the mitigation cost 

globally. Remarkably, health benefits more than offset mitigation cost s in India (by 5 times) and 

China (by 2.8 times). A sensitivity analysis also shows that even in the mo st extreme scenarios a 

large fraction of th e mitigation cost would still be covered. This analysis provide s evidence that 

relevant co -benefits can be found independently of the mitigation pathways and provide s further  

evidence that local air pollution and climate change concerns can go hand in hand  in the 

developing world.  

1.4  Evidence of accomplishment  

This deliverable.  
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2 INTRODUCTION 

Climate change (IPCC 2014, Cook et al. 2016) and air pollution (WHO 2016) are two major, 

interrelated environmental risks. Actions to reduce greenhouse gas (GHG) em issions many often 

reduce air pollution at the same time as th ose emissions typically derive from the same sources 

such as power plants, industries or vehicles. Literature (Clarke et al 2014) point s out the 

potential possible synergies and co-benefits of tackling air pollution and climate change related 

problems at the same time. Factoring in air pollution implications has now become a key factor 

when assessing and designing climate policies. 

Air pollution has become a growing concern in the past few years.  According to the World Health 

Organization òair pollution continues to rise at an alarming rate, affects economies and peopleõs 

quality of life and it is a public health emergency ó (WHO 2016). According to the Global Burden 

of Disease (GBD) study (Forouzanfar et al. 2016) , air pollution is currently the 5 th biggest risk to 

health and the top environmental risk. Air pollution (indoor and outdoor) is the cause of 5.5 

million premature deaths (Brauer et al. 2016)  of which  outdoor1 or ambient air pollution is 

responsible for 3 million deaths on account of the increase in air pollution in many cities and 

populated areas worldwide. The most important factors  in terms of health impacts are 

concentrations of Particulate Matter ( PM2.5
2) and Ozone (O3). 

Several institutions such as the World Bank (WB 2015), OECD (OECD 2014; 2016) and the 

International Energy Agency (WEO 2016) have recently presented reports analysing the effects 

and costs of air pollution. A recent study published by the OECD (2016), which combin es a 

Computable General Equilibrium (ENV-Linkages) with an atmospheric transportation model (TM5 -

FASST), analyses and projects future cost s of air pollution for a baseline (no climate policy) 

scenario. It finds that the number of premature deaths from ambient air pollution may increase 

from the current 3 million to between 6 and 9 million by 2060 , an increase that will affect 

especially the most populated regions. This study calculate s that welfare losses due to air 

pollution could range between US$18-25 trillion  by 2060. 

There are also some relevant papers analysing th is issue in the context of climate change 

mitigation policies.  For example West et al. 2013 examines the global co-benefits of GHG 

mitigation  by comparing a baseline scenario with a n RCP4.5 scenario. They use a chemistry 

model (MOZART) and òconcentration-response-functionsó (CRF) based on Anenberg et al. 2010 to 

calculate the health impacts. They show that the premature d eaths avoided by 2050 number 

between 0.8 and 1.8 million, with the monetized co -benefit exceeding the mitigation cost. 

According to this study , global average marginal co-benefits of avoided mortality are between 

                                            

1 Indoor or household pollution is responsible for 2.5 million deaths, mainly in le ss developed countries 
(Bruce et al 2000; Chafe et al. 2014)  due to lack of access to electricity. However, this study focuses only 
on outdoor air  pollution.  
2 PM2.5 refers to particles of 2.5 microns or less in width. These are considered one of the most harmful 
air pollutant s and are the main factor for pollution -related health damage  
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US$50 and US$380 per tonne of CO2, a figure  which far exceeds the mitigation costs for most of 

the CO2 mitigation options. In addition, they locate the biggest effect s in East Asia, specifically  

in India and China. Following a similar methodology, Markandya et al. 2009 examine the co-

benefits in certain regions (China, India and the EU) in an scenario where CO2 emissions are 

reduced by half. They also show that the health co -benefi ts far outweigh the cost, especially in 

India (where there is huge mitigation potential) and in China (Zou 2016). According to their 

results, 62 and 35 premature deaths per million people can be avoided in the two countries  

respectively, by  2030. Finally, Shindell et al. 2012  show the high potential co -benefits derived 

from alternative climate policies focused on reducing other non-CO2 and GHG emissions, such as 

black carbon (BC) and methane (CH4).They conclude that 0.7 -4.7 million premature deaths could 

be avoided if certain measures were applied. They also estimate the potential co -benefits of 

reducing methane emissions at US$700-5000 per metric ton, also far exceeding the mitigation 

costs (which are considered to be around US$250 per ton). 

The aim of the study is to analyse the potential global co-benefits of different climate policy 

scenarios and to compare them with mitigation costs.  The main innovative aspect of this study is 

that the co -benefits of different mitigation pathways  are analysed in a consistent framework  

where different options are limited by technological, economic or political reasons based on the 

IPCCõs Fifth Assessment Report 3 (IPCC 2014, Anderson and Peters 2016). These limitations would 

include different levels of development for the  technologies; for instance, bioenergy, nuclear or 

carbon capture and storage (CCS). For that reason, each scenario will entail different emission 

pathways for both GHGs (CO2) and other air pollutants, with their related health impacts. To 

that end an  Integrated Assessment model (GCAM model) is used which is able to capture in detail 

the link  between GHG mitigation, air pollutant emissions , and land use changes. Output is li nked 

to an air quality model (TM5 -FASST model) which, based on Burnett4 functions, provide s PM2.5 

and O3 concentration levels and estimate s health impacts in terms of premature deaths. Finally, 

the Value of Statistical Life (VSL) approach, based on data from  the OECD (Lindhjem e t al. 2012; 

OCDE 2014; 2016), is used to monetize these impacts , taking also into consideration the 

estimates of morbidity effects . A long-term climate policy scenario of a 2ºC 5 stabilization by 

2100 is analysed, so t his approach enables a deeper understanding to be obtained  and a global 

comparison of the mitigation costs and health co -benefits associated with  the objectives of the 

Paris Agreement. 

The study is organized as follows: Sect ion 3 presents the methodology, the models used, and the 

scenarios (3.1, 3.2, 3.3 and 3.4). Section 4 shows the results obtained and Section  5 presents a 

sensitivity analysis. Section 6 concludes. 

                                            

3 The scenarios are not exactly the same as those of the IPCC. For details see Section 3.  
4 Burnett functions are used in the latest studies as they cover a broader range of causes of death than 
CRF functions. 
5 There are different options for setting  climate polices , the most common of which are RCP and 
temperature . This study focuses on the temperature target.  
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3 METHODOLOGY AND SCENARIOS 

This section shows the methodology and scenarios used to analyse the health co -benefits of 

climate change mitigation under the 2ºC target. The methodologi cal framework consist s of a 

modelling component which sequentially connects the GCAM and FASST models and an economic 

valuation module which computes the health co -benefits of mitigation. This integration of 

models and methods from different research field s enables a better understanding to be 

obtained of the complexity underlying the analysis of the health impacts of different mitigation  

pathways.  

Figure 1: Integrated modelling  framework  developed  

 

Error! Reference source not found.  shows schematically the model/method used for each step 

and how they are interconnected. In the figure , it can be seen that  the analysis is divided in to 3 

steps. First, the Global Change Assessment Model (GCAM) is used to quantify the CO2 emissions 

pathways and the related policy cost of the different mitigation scenarios. GCAM also reports for 

each scenario the emissions of air pollutants in the differen t regions covered by the model; thi s 

information is passed on to the FASST air quality source reception model , which translates 

emission levels into concentrations and premature deaths . Finally, those premature deaths  are 

monetized using the widely -accepted Value of Statistical Life (VSL) methodology (OCDE 2014; 

Lindhjem et al. 2012) .As mentioned, this method has been extended in order to incorporate 

morbidity effects.  Ultimately, this analy sis enables an analysis to be drawn up of the extent to 

which health co-benefits offset mitigation costs.  
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The rest of the section presents the GCAM (Subsection 3.1) and FASST (Subsection 3.2) models, 

the valuation method ( 3.3),  and the scenarios (3.4) 

3.1  Global Change Assessment Model (GCAM) 

The Global Change Assessment Model (GCAM)6 is an integrated assessment model of the 

economic energy and climate systems developed by the University of Maryland and the Pacific 

Northwest National Laboratory  (PNNL)7. GCAM is one of the four models chosen to develop the 

Representative Concentration Pathways (RCPs) of the IPCCõs 5th Assessment Report (IPCC 2015) 

and has been used in all the IPCCõs Assessment Reports to date. In this analysis GCAM version 

4.3. is used. 

GCAM is a global dynamic-recursive partial equilibrium model disaggregated in to 32 geopolitical 

regions and operating in 5-year time steps from 1990 to 2100. This project also conducts a GCAM 

downscaling exercise which enables us to see the outcomes of the simulations also at country 

level. This disaggregation is based on the RCP scenarios provided by the International Institute 

for Applied System Analysis (IIASA) (Van Vuuren et al. 2007, 2012). 

The GCAM energy system includes primary energy resource production, energy transformation to 

final fuels, and the use of final energy forms to deliver energy services. The model distinguishes 

between two different types of resources: depletable and renewable. Depletable resources 

include fossil fuels and uranium; renewable resources include biomass, wind, geotherm al 

energy, municipal and industrial w aste (for waste -to-energy), rooftop areas for solar 

photovoltaic equipment  and non-rooftop solar (PV and CSP). All resources are characterized by 

cumulative supply curves. Competition between technologies is modelled by a logit probabilistic 

model that allocates a weighted share to each technology and each level. Documentation on all 

the technologies in the energy system is provided in  Clarke et al. 2008 . 

Another important feature of the GCAM architecture is that the GCAM terrestrial carbon cycle 

model is embedded in the agriculture -land-use system model. Thus, all land uses and land 

covers, including non-commercial land, are fully integrated into the economic modelling in 

GCAM. This feature enables the model to include agricultural, forest , and land use activities in 

the modelling and solving process.  

GCAM tracks all GHG emissions from energy and land-use systems. It provides the mitigation cost 

of different energy and climate policies for each specific region. These costs are calculated by 

the model as the area below the marginal abatement cost curve (Kyle, 2015). GCAM also reports 

                                            

6 http://www.globalchange.umd.edu/models/gcam/  

7 http://www.pnnl.gov/  

http://www.globalchange.umd.edu/models/gcam/
http://www.pnnl.gov/
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the emissions of the main air pollutants (including NOx, VOCs, CO and O3) (Smith, Pitcher, and 

Wigley 2005) which are then used in the analysis to quantify the co -benefits / trade -offs of 

mitigation in terms of air pollution us ing the FASST model and the VSL method. 

Emissions of air pollutants in GCAM have certain peculiarities . Although they are closely related 

to activity level and fuel consumption, some level of pollution control is assumed, so the unitary 

emission factor decreases when the GDP of a country increases (Smith and Wigley 2006). This is 

a representation of the òKuznets curve approachó, so even if there is no climate policy economic 

growth will result in a reduction of air pollution per unit of activity.  

3.2  FASST Model 

The Fast Scenario Screening Tool (FASST) is a global air quality source receptor model developed 

by the European Commissionõs Joint Research Centre that enables users to analyse different 

scenarios or emission pathways and their effects in terms of human health impacts and damage 

to ecosystems. Based on meteorological and chemical aspects, the model analyses how the 

emissions of a ôsourceõ affect the ôreception pointsõ established (grid cells) in terms of 

concentrations and subsequently of premature deaths. Full documentation on the model can be 

found in Van Dingenen and Dentener (2016). 

Following the FASST User Guide (JRC 2016), the concentrations of a given pollutant are set by a 

linear equation as follows:  

ὅ ὼȟώ ὧώ ὃ ὼȟώὉ ὼ  (1) 

This equation defines the concentration of pollutant j at receptor (cell grid) y formed from the 

precursor i emitted in the source x ( ὅ ὼȟώ), as the sum of a spatial constant ( ὧ) plus the 

emission rate (Ὁ ὼ) of precursor i in source x multiplied by the sou rce-reception coefficient 

(SRC) (ὃ ) between the source (x) and the receptor (y).  

The SRCs representing the different links between sources and receptors are calculated by 

applying an emission perturbation of 20% to a reference scenario 8 and calculatin g the resulting 

concentrations as for equation (1). Although the model covers the entire world in a resolution of 

1 x 1 grids (100 km), th e procedure is shown here for 56 source regions. Thus, the SRC (ὃ  for 

each cell is defined as:  

ὃ ὼȟώ Ўὅώ ЎὉὼϳ   (2) 

                                            

8 The reference scenario is the IPCC AR5 RCP reference scenario for the year 2000 (see van Vuuren et al 
2012)  



 

 
 

 

D4.4.1: Health co -benefits associated with different transition pathways  Page 10 
 

Where ЎὉὼ πȢςz Ὡὼ, with Ὡὼ being the emissions in the reference scenario.  

However, it is important to note that each precursor  emitted  may indirectly affect the  

concentration of different pollutants. For example emissions of the precursor NOx entail not only 

the creation of Particulate Matter (PM) in the atmosphere but also the formation of ozone ( O3).  

For this reason, the total concentration of pollutant j at re ceptor y result ing from the emission s 

of all its precursors (i) from all sources (x) is:  

ὅὼȟώ ὧώ В Вὃ ὼȟώ Ὁὼ Ὡὼ   (3) 

Once the concentration levels for each region  are obtained , the model calculates different 

effects such as PM and O3 impacts on human health and agriculture. However, this project is 

focused on the direct health effects of emissions and concentrations of the different pollutants 

in the regions defined.  

The health impacts (Forouzanfar et al. 2016)  are calculated as the premature deaths derived 

from exposure to O3 (Jerrett et al. 2009; Bell et al. 2004)  and to PM (Burnett et al. 2014; Silva et 

al. 2016; Apte et al. 2015)  considering different causes of death 9. Further details on the 

calculations of health impacts due to outdoor air pollution can be found on the website of the 

Institute for Health Metrics and Evaluation (IHME) and in the aforementioned literature.  

Regarding the population assumptions, some limitation should be mentioned: First , population 

by grid cell now is not known with great accuracy for some countries , being projections to 2050 

more uncertain. Indeed, in the model , if  a given grid cell  has no population in the base year  no 

population growth takes place inside, which means that no urban land expansion can be 

assumed, due to the data limitations. Population growths are located in already populated grid 

cells.  As it will be described in next subsections (3.4), trying to reduce the level of u ncertainty, 

this study uses the gridded SSP2 population, provided by IIASA. 

The following  section shows the method used to monetize the premature deaths reported by 

FASST. 

3.3  Value of Statistical Life (VSL)  

There are different methods and metrics for monetiz ing the health impacts of air pollution 

(Narain and Sall 2016; OECD 2016; WB 2015). Most of the  existing work focuses on mortality 

costs, but there is an emerging literature that covers other indirect effects such as illness and 

                                            

9 For O3 exposure this means respiratory disease and for PM exposure it means ischemic heart disease 

(IHD), chronic obstructive pulmonary disease (COPD), stroke, lung cancer (LC), and acute lower 
respiratory airway infections (ALRI).  



 

 
 

 

D4.4.1: Health co -benefits associated with different transition pathways  Page 11 
 

productivity losses (OECD 2016). In this analysis mortality costs are considered by calculating the 

Value of Statistical L ife (VSL). 

The VSL is the monetary value of a relative change in mortality risk reduction 10. It is generally 

estimated using indirect methods (e.g. surveys  or hedonic models linking wages to risks of 

premature death ). However, there is a lack of empirical s tudies for directly estimating the VSL 

for all countries in the world. In order to overcome this limitation, procedures have been 

developed to transfer the results of existing studies to other regions.  

This study uses the òUnit Value Transfer Approachó, which is based on adjusting the VSL to all 

countries according to GDP and GDP growth rates, taking as a reference the widely -accepted VSL 

of the OECD for 2005. Following this method, the VSL of a country c in the year t is defined as 

ὠὛὒȟ ὠὛὒ ȟ ᶻ ȟ

ȟ
ᶻρ ϷЎὖ ϷЎὣ   (4) 

Where ὠὛὒȟ is the VSL for country c in year t; ὠὛὒ ȟ  is the base value; Y is the GDP per 

capita; b is the income elasticity 11 of the VSL and ϷЎὖ and ϷЎὣ are the inflation and income 

growth rates respectively.  

Once the VSL is obtained for each region  defined  (and updated to $2015)  the associated 

morbidity costs are included.  According to Narain and Sall 2016, morbidity includes a wide range 

of effects covering  direct market costs related to the health system (e.g . treatments or 

ambulances) and other indirect implications like disability or opportunity costs. Searl et al. 2016 

gathers some reference endpoints 12 in order to create a core set of effects to be covered when 

estimating the cost of morbidity. Altho ugh there is not a certain methodology to estimate these 

effects, in this study the OECDõs guidelines are followed (OECD 2014), so morbidity costs are 

considered as 10% of the mortality costs calculated . 

Appendix 2 shows the estimated VSL for each region, including the additional 10% for  morbidity. 

The regional units are adjusted every ten years from 2020 to 2050.  

Multiplying these values by the number of premature deaths reported by FASST gives the total 

monetarized health impacts for each region.  

                                            

10 From 3/10000 to 2/10000  
11 The income elasticity generally used for the VSL ranges from 0.8 to 1.2. This study applies the figure of 
0.8 proposed by the OECD for all countries.  
12 Respiratory and cardiovascular hospital admissions related to PM or Ozone exposure; restricted 
activity days and days of work los t due to PM or ozone exposure; chronic bronchitis  in adults due 
to PM exposure; acute bronchitis in children ages 6 to 18 due t o PM exposure and, finally, acute 
lower respiratory illness in children ages 5 and under due to PM exposure.  
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It should be mentioned that there is a debate about this  methodology (Viscusi and Aldy 2003). 

Give that it is a GDP based methodology, there are clearly some ethical aspects to consider:  

indeed, human life is valued more highly in developed countr ies than in developing one s. 

Although it suffers from moral problems of this kind  it is a well -accepted methodology that 

enables users to broaden policy analysis.  

3.4  Data and scenarios  

The scenario framework of the analysis has two main components: a general socioeconomic 

storyline (represented by the SSP2 Shared Socioeconomic Pathway of the IPCCC scenario 

framework) and a set of mitigation pathways (represented by different technolog y options for 

achieving the 2ºC target)  

The background socioeconomic conditions are a key element of the analysis. On the one hand, 

key factors such as resource availability, GDP growth rate, agricultural productivity , and 

emission factors are essential in obtain ing future emission pathways. The GCAM model quantifies 

these emission pathways based on exogenous values introduced derived from a wide range of 

assumptions. Of these, the forecast population figure has an important impact on the 

estimations: the higher the population of a region is assumed to be, the higher the function 

attributable will be ; estimated health damage is therefore  directly r elated to population 

forecasts. Finally, the estimation of future GDP is a key element in calculat ing the regional VSL.  

In this context it is necessary to establish a consistent storyline for the future socioeconomic 

scenario across all the regions of the  world that this study  covers. In this case the SSP2 storyline 

from the IPCCõs scenario framework is selected  (OõNeill et al. 2014; Moss et al. 2010). SSP2 is 

considered a òmiddle of the roadó scenario in which both the challenges for mitigation and 

adaptation are considered as being of medium level .  

There is some literature which details the application of these SSP s on modelling. Indeed, the 

GCAM model provides inputs for implement ing the SSP storylines as regards socioeconomics, 

energy and agricultural systems (Riahi et al. 2016) , and GHG emissions (Rao et al. 2017). This 

socioeconomic data, more specifically population and GDP forecasts, are also used throughout 

the analysis to calculate health impacts with FASST (population) and monetarized damage (VSL).  

The second component of the scenarios used in this study is the set of mitigation pathways and 

technology options. All these mitigation pathways share the same socioeconomic conditions 

(represented by the SSP2 scenario) but assume different technolog y options for achieving the 2ºC 

target. Five scenarios are developed: a baseline scenario plus four mitigation pathways 

consistent with the 2ºC target and inspired by those of IPCC AR5.  

Table 1 presents the main features of the scenarios analysed in this study.  Sometimes, when 

stablishing tight constraints in terms of emissions/temperature targets and technology 

availability  the model is not able to solve;  so, two changes are made from the technolog y 
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options explored in the AR5 in order to avoid this òmodelling feasibilityó: 1) the òrenewable 

limitation scenarioó is not included ; and 2) the AR5 scenario with no carbon capture and storage 

(CCS) is replaced by a scenario with low availability and high cost of this technology ( LowCCS 

scenario).  

Table 1: Scenarios and features  

Scenarios Features 

Baseline Baseline scenario with no climate policy   

All available  There is a long term temperature target ( 2ºC) and all 

technologies13 are available  

Bioenergy limitation   2ºC target + All technologies available except for 

biomass, which is limited to a maximum of 100 EJ per 

year 

Nuclear phase-out  2ºC target + All technologies available but assuming a 

nuclear energy phase-out: no new nuclear plants are 

installed beyond those already under construction and 

existing plants operate until the end of their lifetime s 

Low CCS 2ºC stabilization + All technologies available but with 

low availability and high cost of CCS  

 

Finally, in order to be consistent with the regions in the model  used, a remapping procedure is 

implemented . The GCAM disaggregated data explained in Subsection 3.1 is regrouped into the 56 

regions defined in the FASST model. Appendix 1 details the links between countries and these 

regions. 

                                            

13 Following the cost and availability assumptions that the GCAM model needs.  
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4 RESULTS 

This section presents the results obtained in terms of i) the energy and electricity mix 

(Subsection 4.1); ii) GHG emissions and air pollutants ( 4.2); 3) PM and Ozone concentration s 

(4.3); 4) premature deaths ( 4.4); and 5) cost-benefit analysi s (4.5).  

4.1  Energy and electricity mix  

The different technology options considered in the GCAM simulations entail some differences in 

the energy system. Figure 2 shows the energy mix in 2050 for each of the scenarios  analysed. 

Figure 2: 2050 global energy mix per  scenario (%) 

 

 

FF CCS: Fossil Fuels with CCS.  BECCS: Biomass with CCS 

One relevant result is the difference in the use of fossil fuels (FF) -with and without carbon 

capture and storage (hereinafter CCS) - between the baseline scenario and the four technology -

driven 2ºC stabilization scenarios. While no CCS fossil fuels represent around 83% of the mix in 

2050 under no climate policy, under a 2ºC stabilization target they range from 38% to 46%, 

depending on technology availabili ty.  
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The simulations also show the significance of sources such as biomass and renewable energy in 

achieving the 2ºC temperature limit. These sources range from 30% when there is a bioenergy 

limitation  to 37% when nuclear energy is phased out. Indeed, biom ass with CCS (BECCS) accounts 

for between 10% and 18% of the mix, making it one of the most important technologies, 

particularly when other non -emitting technologies (e.g. nuclear) are reduced.  Additionally, the 

share of renewable sources increases from 4% with no climate policy to around 10% of the whole 

energy mix when a 2 degree target is aimed  for . Finally, another interesting result is the 

increase in nuclear power: in the baseline scenario it is a residual technology (2%), but it shows 

a remarkable in crease in the 2ºC scenarios, where it represents around 6 -8% of the mix (not 

taking into account the nuclear phas e-out scenario).  Once the technology mix for the whole 

energy system is seen, Figure 3 shows the 2050 electricity mix for each scenario, which has a 

different structure.  

Figure 3: 2050 world electricity mix per  scenario (%) 

 

As with the energy mix presented in  Figure 2, Figure 3 also shows that fossil fuel use decreases 

in all the stabilization scenarios with respect to the no climate policy scenario ( baseline). In 

particular, there are 3 main sources. First there is an important expansion of CCS technologies 

ranging from the (logically) smallest figure of 15% of the scenario with  CCS at high cost to 

around 30% when there are limitation s on bioenergy or nuclear power. Secondly, there is a 

considerable increment in renewable sources, which double their share of the mix when the 

target is applied (fr om 19% in the baseline case to 44% in the òNuclear phase-outó scenario). 

Finally, the increase of nuclear power is also substantial:  It accounts for between 20% and 25% of 

the electricity mix in all the 2ºC scenarios (except the nuclear phase -out scenario). 

In conclusion, conventional fossil fuels will still be part of the electricity mix in 2050. However, 

their share varies from one scenario to another , owing to the smaller or greater  development 
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and limitations of the ir potential replacements (biomass, renewables or nuclear). These 

variations in the energy and electricity systems will result in different GHG emission pathways 

through the scenarios. The following  subsection seeks to determine what these differences are 

in CO2, GHGs, and air pollutants.  

4.2  GHG emissions and air pollutants  

CO2 is the main contributor to greenhouse effect. Its concentration has increased significantly 

from 280 parts per million (ppm) in 1750 to 400ppm in 2015. However, other GHGs and air 

pollutants also have an impact on health and are therefore analysed in this deliverable.  

As indicated above , technological limitations across all the scenarios have resulted in quite 

different uses of energy sources. The emission factors for pollutants are not the same across the 

technologies. Consequently, even though the stabilization target is similar, there are differences 

in emission levels.  Error! Reference source not found.  shows the reduction in cumulative 

emissions per stabilization scenario, compared to the baseline scenario. For absolute (MT and 

GtCO2) values see Appendix 3. 

Table 2: Percentage reduction in cumulative emission s (2020 -2050) of GHGs and air pollutants 
compared to the baseline  

  CO2  BC CH4 CO N20 NH3 NOx POM14 O3 VOC 

All available  -41.01% -13.30% -23.98% -12.64% -15.96% -2.26% -21.72% -3.06% -30.43% -16.88% 

Bioenergy 
limitation  

-54.83% -16.48% -26.91% -16.23% -15.44% 1.41% -29.95% -4.81% -42.45% -22.45% 

LowCCS -40.20% -13.17% -24.79% -12.81% -15.87% -1.85% -21.67% -2.20% -31.13% -18.51% 

Nuclear phase-
out 

-41.09% -13.55% -23.76% -12.41% -15.79% -2.39% -21.63% -3.13% -30.81% -15.73% 

 

First, the biggest reductions by 2050 are in CO2 emissions, with a striking 41% decrease in CO2 

emissions between a no policy scenario and the  2ºC stabilization scenario with all technologies 

                                            

14 Particulate organic matter (POM) is estimated as 1.3 * Organic carbon (OC) 
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available. In addition, the scenario with a limitation on the use of bioenergy has considerably 

lower FFI15 CO2 emissions: Specifically, they are 23% lower than the òstandardó stabilization 

scenario (all available).  

The lowest CO2 reductions are those in high cost CCS scenario, since the model delays the use of 

CCS until there are no other mitigation options, given that CCS in this scenario is more costly 

than other technology options and , from a policy cost perspective , it is optimal for the model to 

emit  more in the first half of the century and have bigger reductions in the second half. This 

issue is related to the difference between the solving and reporting time horizons. Setting a 

stabilization target for 2100 with reporting in 2050 ( a suitable date according to the relevant 

literature and to the experts consulted) could entail counterintuitive results  of this kind .  

Figure 4 shows these differences in òmitigation timingsó from one scenario to another , with 

emissions in 2050 being higher whereas from 2070 to 2100 emissions are far more negative 

(driven by CCS and BECCS) to achieve the 2ºC stabilization target. Figure 5 shows how these CO2 

reductions are distributed across regions.  

Figure 4: CO2 emission pathways per  scenario (Gt CO2) 
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Figure 5: Share of cumulative reduction in  CO2 (2020 ð 2050) emissions per  scenario  

 

The biggest reduction in cumulative emissions are found in China (around 28% of total 

reduction) , followed by India (15-16%) and the USA (10-11%). These emission reduction paths are 

quite important for obtaining a better understand ing of the results shown below. 

Regarding other GHG and air pollutants , there are huge difference s between the no policy and 

stabilization scenarios , ranging from 3% (POM) to around 30% (O3). These variations are driven by 

the energy system transformation required to achieve the target  set. There are also differen ces 

in emission pathways and timing between targeted scenarios, with the limitation on bioenergy 

being the most important factor. However, taking into consideration that most of these gases 

are precursors16, this study focus es on concentration levels, since they are more closely related 

with health impacts.  

4.3  PM2.5  and O3 concentration levels  

As mentioned in Subsection 3.2, PM2.5 is the biggest contributor to human health damage of all 

the pollutants (Burnett et al. 2014; Apte et al. 2015) . With the model  used here it is possible to 

                                            

16 The reactions of m ost of these gases are key factor s in the formation of particulates (PM) or O3 in the 

atmosphere.  
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calculate premature deaths from different causes derived from exposure to PM2.5 and O3.  The 

concentration levels of these two  pollutants in the period analysed are therefore crucial to 

understanding the health impacts of each scenario. Figure 6 and Figure 7 present the average 

concentration levels of PM2.5 and O3 respectively 17.  

Figure 6: Average (2020 ð 2050) PM2.5  concentration per  scenario (µg/m3)  

 

Figure 7: Average (2020 -2050) O3 concentrations per  scenario (ppb)  

 

These figures show the same trend for both PM2.5 and O3. There is a considerable , not 

unexpected difference between the baseline and 2ºC scenarios, given that climate policy 

scenarios reduce the concentration s of these pollutants. Furthermore, when a bioenergy 

limitation is set the average concentration drops by around 9% compared to the other 

stabilization scenarios. The main reason s are, on the one hand, the reduction of certain 

                                            

17 The smooth fill indicates the òminimum risk thresholdó: 7.3 µg/m 3 and 35 ppb for PM and O3 
respectively.  
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pollutants r elated with biomass burning  (see Table 2) and, on the other hand, the mentioned 

difference in the timing of the mitigation . These divergences between scenarios entail quite 

different health impacts, as shown in the next subsection.  

Finally, to show the spatial distribution of these concentration levels, Figure 8 and Figure 9 

present the total PM 18 and O3 concentrations respectively. Three clearly different emission and 

concentration pathways 19can be distinguished, so one representative scenario for each trend  is 

represented: no policy ( baseline scenario), the 2ºC stabilization target with all technologies 

available ,  and stabilization + limited bioenergy ( Bioenergy limitation ).  

 

Figure 8: 2050 total PM concentrations per  scenario (µg/m3): Baseline, all available  and bioenergy 
limitation  

a) Baseline 

 

                                            

18 Both anthropogenic and natural PM emissions are considered. 
19 The baseline scenario (Ref), stabilization scenarios (All available, LowCCS and Nuclear phase-out), and 
stabilization with a bioenergy limit ation  (Bioenergy limitation )  
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b) All available  

 

c) Bioenergy limitation  
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Figure 9: 2050 O3 concentrations per  scenario (ppb): Baseline, all available, and b ioenergy limitation  

a) Baseline 

 

b) All  available  
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c) Bioenergy limitation  

 

 

 

It is clear  that the highest concentrations are located in China and India (apart from the places 

where there are substantial natural release s of pollutants). There is an extensive body of 

literature  (Matus et al. 2012; World Health Organization 2016; I EA 2016.) about the pollution 

problems (actual and projected) of these regions, so the results are consistent with other 

studies. 

4.4  Health impacts: Premature d eaths 

Once the concentration levels for each scenario  are calculated 20 they are transformed into 

health impacts by using the FASST model as detailed in the Methodology section. The outcomes 

of this model are figures for òpremature deathsó, i.e. the increase in deaths from IHD, COPD, 

Stroke, LC and ALRI derived from increases in air pollutants.  Figure 10 and Figure 11 present 

                                            

20 In the previous section average values are shown, but concentrations per period are extracted  from the 
model.  
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cumulat ive figures for premature deaths for 2 020-2050 and their trends per period and scenario, 

respectively:  

Figure 10: Cumulative (2020 -2050) premature deaths per  scenario  (million deaths)  

  

Figure 11: Premature Deaths per  period and scenario  

 

The figures obtained are quite closely aligned with the previous results from S ubsections 4.2 and 

4.3: mortality is reduced by around 16-17% when a stabilization target is applied. In addition, 

when a bioenergy limitation is set the effect is even bigger (23%), due to the different emission 

pathways. Figure 12 shows a spatial distribution of premature deaths for the same scenarios 

(Baseline, all available  and Bioenergy limitation ).  
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Figure 12: 2050 premature deaths per  scenario: Baseline, all available and b ioenergy limitation  

a) Baseline 

 

b) All available  

 

 




















