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assessed probability of more unlikely than likely to exceed the 2 °C temperature level, while the former are mostly 1 

assessed to have an unlikely probability of exceeding this level. 2 

 3 
Figure 3.2: Global GHG emissions (GtCO2eq/yr) in baseline and mitigation scenarios for different long-term 4 

concentration levels (upper panel) and associated scale-up requirements of low-carbon energy (% of primary energy) 5 

for 2030, 2050 and 2100, compared to 2010 levels, in mitigation scenarios (lower panel). {WG III Figure 6.7, Figure 6 

7.16} [Note: CO2eq emissions include the basket of Kyoto gases (CO2, CH4, N2O as well as F-gases) calculated based 7 

on GWP100 values from the Second Assessment Report]. 8 

 9 

Estimates of the aggregate economic costs of mitigation vary widely depending on methodologies and 10 

assumptions, but increase with the stringency of mitigation (high confidence). As a benchmark, global 11 

macroeconomic costs have frequently been estimated in modelling studies on the assumption that all 12 

countries of the world begin mitigation immediately, with a single global carbon price, and with all key 13 

technologies being available (Table 3.2). Under these assumptions, mitigation scenarios that reach 14 

atmospheric concentration levels of about 450 ppm CO2eq by 2100 (these scenarios limit likely warming this 15 

century to 2 °C) entail losses in global consumption of 1% to 4% (median: 1.7%) by 2030, 2% to 6% 16 

(median: 3.4%) by 2050, and 3% to 11% (median: 4.8%) by 2100, relative to consumption under the baseline 17 

scenarios. These numbers correspond to an annualized reduction of consumption growth by 0.04 to 0.14 18 

(median: 0.06) percentage points over the century (Table 3.2) relative to annualized consumption growth in 19 

the baseline that is between 1.6% and 3% per year. Mitigation costs can increase substantially if key 20 

technologies are not available (Table 3.2). Delaying additional mitigation reduces near-term costs, but 21 

increases medium and long-term costs (Table 3.2). Many models could not reproduce temperature increase 22 

below 2 °C with a likely chance, if additional mitigation would be considerably delayed, or if availability of 23 

key technologies, such as bioenergy, CCS, and their combination (BECCS) would be limited (Table 3.2). 24 

AR5. WGIII Figure SPM.4 
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Figure TS.19 |  Compatible fossil fuel emissions simulated by the CMIP5 models for the four RCP scenarios. (Top) Time series of annual emission (PgC yr–1). Dashed lines represent 
the historical estimates and RCP emissions calculated by the Integrated Assessment Models (IAMs) used to define the RCP scenarios, solid lines and plumes show results from CMIP5 
Earth System Models (ESMs, model mean, with one standard deviation shaded). (Bottom) Cumulative emissions for the historical period (1860–2005) and 21st century (defined in 
CMIP5 as 2006–2100) for historical estimates and RCP scenarios. Left bars are cumulative emissions from the IAMs, right bars are the CMIP5 ESMs multi-model mean estimate 
and dots denote individual ESM results. From the CMIP5 ESMs results, total carbon in the land-atmosphere–ocean system can be tracked and changes in this total must equal fossil 
fuel emissions to the system. Hence the compatible emissions are given by cumulative emissions = ΔCA + ΔCL + ΔCO , while emission rate = d/dt [CA +CL + CO], where CA, CL, CO 
are carbon stored in atmosphere, land and ocean respectively. Other sources and sinks of CO2 such as from volcanism, sedimentation or rock weathering, which are very small on 
centennial time scales are not considered here. {Box 6.4; Figure 6.25}

It is virtually certain that the increased storage of carbon by the ocean 
will increase acidification in the future, continuing the observed trends 
of the past decades. Ocean acidification in the surface ocean will 
follow atmospheric CO2 and it will also increase in the deep ocean as 
CO2  continues to penetrate the abyss. The CMIP5 models  consistently 
project worldwide increased ocean acidification to 2100 under all 

RCPs. The corresponding decrease in surface ocean pH by the end of 
21st century is 0.065 (0.06 to 0.07) for RCP2.6, 0.145 (0.14 to 0.15) 
for RCP4.5, 0.203 (0.20 to 0.21) for RCP6.0 and 0.31 (0.30 to 0.32) 
for RCP8.5 (CMIP5 model spread) (Figure TS.20). Surface waters are 
projected to become seasonally corrosive to aragonite in parts of the 
Arctic and in some coastal upwelling systems within a decade, and 

AR5. WG1. Figure TS.19 
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4.3 Response options for mitigation 1 
 2 

Mitigation options exist in every major sector. Cost-effective mitigation is based on an integrated 3 
approach that combines measures to reduce energy use and the GHG intensity of end-use sectors, 4 
decarbonize energy supply, reduce net emissions and enhance carbon sinks in land-based sectors. {4.3} 5 

 6 
Well-designed systemic and cross-sectoral mitigation strategies are more cost-effective in cutting emissions 7 
than a focus on individual technologies and sectors, with efforts in one sector determining the need for 8 
mitigation in others (medium confidence). {4.3} 9 
 10 
Emissions ranges for baseline and mitigation scenarios that stabilize greenhouse gas concentrations at low 11 
levels (about 450 ppm CO2-eq) are shown for different sectors and gases in Figure SPM.14. Key measures to 12 
achieve such mitigation goals include decarbonizing (i.e. reducing the carbon intensity of electricity 13 
generation (medium evidence, high agreement)) as well as efficiency enhancements and behavioral changes, 14 
in order to reduce energy demand compared to baseline scenarios without compromising development 15 
(robust evidence, high agreement). The most cost-effective mitigation options in forestry are afforestation, 16 
sustainable forest management and reducing deforestation, with large differences in their relative importance 17 
across regions; and in agriculture, cropland management, grazing land management, and restoration of 18 
organic soils (medium evidence, high agreement). {4.3, Figures 4.1, 4.2, Table 4.3} 19 
 20 

 21 

Figure SPM.14: CO2 emissions by sector and total non-CO2 GHGs (Kyoto gases) across sectors in baseline (faded 22 
bars) and mitigation scenarios (solid color bars) that reach around 450 (430–480) ppm CO2-eq concentrations in 2100. 23 
Mitigation in the end-use sectors leads also to indirect emissions reductions in the upstream energy supply sector. 24 
Emissions ranges for mitigation scenarios include Carbon Capture and Storage (CCS); many models cannot reach 450 25 
ppm CO2-eq concentration by 2100 in the absence of CCS. {4.3, Figure 4.1} 26 
 27 
Behavior, lifestyle and culture have a considerable influence on energy use and associated emissions, with 28 
high mitigation potential in some sectors, in particular when complementing technological and structural 29 
change (medium evidence, medium agreement). Emissions can be substantially lowered through changes in 30 
consumption patterns, adoption of energy savings measures, dietary change and reduction in food wastes. 31 
{4.1, 4.3} 32 
 33 
4.4 Policy approaches at different scales, including technology development/transfer and finance 34 
 35 

Effective adaptation and mitigation responses will depend on policies and measures across a range of 36 
scales. Support for technology development and transfer, and finance for climate responses, can 37 
complement policies that directly promote adaptation and mitigation. {4.4} 38 
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Many adaptation efforts critically rely on development and diffusion of technologies and management 1 

practices, but their effective use depends on an appropriate institutional, regulatory, social and 2 

cultural context (high confidence). Adaptation technologies are often familiar and already applied 3 

elsewhere. However, the success of technology transfer may involve not only the provision of finance and 4 

information, but also strengthening of policy and regulatory environments, and capacities to absorb, employ 5 

and improve technologies appropriate to local circumstances. {WGII 15.4} 6 

 7 

4.4.4 Investment and Finance 8 

 9 

Substantial reductions in emissions would require large changes in investment patterns (high 10 

agreement, robust evidence). Over the next two decades (2010-2029), for mitigation scenarios that stabilize 11 

concentrations within the range of approximately 430-530 ppm CO2eq by 2100, annual investments in 12 

conventional fossil fuel technologies associated with the electricity supply sector is projected to decline 13 

while annual investment in low carbon electricity supply and energy efficiency in key sectors is projected to 14 

rise by several hundred billion dollars per year. Global total annual investment in the energy system is 15 

presently about USD 1,200 billion. This number includes only energy supply of electricity and heat and 16 

respective upstream and downstream activities. Energy efficiency investment or underlying sector 17 

investment is not included (Figure 4.4). {WGIII SPM.5.1, 16.2} 18 

 19 

 20 
Figure 4.4: Change in annual investment flows from the average baseline level over the next two decades (2010 to 21 
2029) for mitigation scenarios that stabilize concentrations within the range of approximately 430-530 ppm CO2eq by 22 
2100. Total electricity generation (leftmost column) is the sum of renewable and nuclear energy, power plants with 23 
CCS, and fossil-fuel power plants without CCS. The vertical bars indicate the range between the minimum and 24 
maximum estimate; the horizontal bar indicates the median. The numbers in the bottom row show the total number of 25 
studies in the literature used in the assessment. Individual technologies shown are found to be used in different model 26 
scenarios in either a complementary or a synergistic way, depending largely on technology-specific assumptions and the 27 
timing and ambition level of the phase-in of global climate policies. {WGIII Figure SPM 9} 28 

 29 

There is no widely agreed definition of what constitutes climate finance, but estimates of the financial 30 

flows associated with climate change mitigation and adaptation are available. Published assessments of 31 

all current annual financial flows whose expected effect is to reduce net GHG emissions and / or to enhance 32 



In	  energy	  supply,	  tripling	  to	  quadrupling	  of:	  
	  
-‐  Renewable	  energy	  
-‐  Nuclear	  
-‐  Carbon	  Capture	  and	  Storage	  (CCS)	  
-‐  Biomass	  +	  Carbon	  Capture	  and	  Storage	  





“In just a few years, renewable energy technologies have 
demonstrated substantial performance improvements 
and cost reductions, and a growing number of 
technologies have achieved a level of maturity to enable 
deployment at a significant scale.” (IPCC AR5, WGIII) 



Costs	  of	  solar	  declining	  so	  fast	  
that	  the	  AR5	  costs	  for	  solar	  are	  	  

already	  out-‐of-‐date	  
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Note: Solar PV costs can vary by ~50% or more up or down depending on solar resource and local non-technology costs, and even more with 
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natural gas price. The estimated lowest 2014 utility-scale cost is based on a recent power purchasing agreement by Austin Energy, Texas 
(adjusted for subsidies). 
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Figure TS.2. Historical anthropogenic CO2 emissions from fossil fuel combustion, flaring, cement, and 
Forestry and Other Land Use (FOLU) in five major world regions: OECD-1990 (blue); Economies in 
Transition (yellow); Asia (green); Latin America (red); Middle East and Africa (brown). Emissions are 
reported in gigatonnnes of CO2 per year (Gt/yr). Left panels show regional CO2 emission trends 
1750–2010 from: (a) the sum of all CO2 sources (c+e); (c) fossil fuel combustion, flaring, and cement; 
and (e) FOLU. The right panels report regional contributions to cumulative CO2 emissions over 
selected time periods from: (b) the sum of all CO2 sources (d+f); (d) fossil fuel combustion, flaring and 
cement; and (f) FOLU. Error bars on (d) and (f) give an indication of the uncertainty range (90% 
confidence interval). See Annex II.2 for regional definitions. [Figure 5.3] 



A	  decade	  of	  coal	  
•  Coal’s	  total	  consumpSon	  rose	  50%	  between	  2000	  and	  2010.	  
•  Has	  reversed	  a	  long-‐standing	  paXern	  of	  decarbonizaSon.	  
•  Coal	  accounts	  for	  73%	  of	  power	  sector	  emissions.	  (New	  Climate	  Economy)	  	  
•  More	  than	  half	  of	  global	  carbon	  emissions’	  growth	  in	  

2002-‐2012	  was	  caused	  by	  China’s	  coal	  alone.	  (Global	  CO2	  staSsScs)	  	  
•  In	  2003-‐2012	  China’s	  coal	  use	  grew	  by	  about	  10%	  a	  year	  (China	  

energy	  staSsScs)	  
	  



Airpocalypse 



The End of China’s Coal Boom (April 2014): http://www.greenpeace.org/eastasia/publications/reports/climate-energy/2014/end-china-coal-boom/ 



Reaching	  the	  “impossible”	  peak?	  
•  Coal	  use	  in	  China	  is	  falling	  this	  year	  -‐	  according	  to	  official	  data.	  
•  1-‐2	  %	  less	  coal	  burned	  in	  the	  first	  three-‐quarters	  of	  2014	  than	  last	  year.	  
•  The	  Chinese	  economy	  conSnues	  to	  grow	  by	  7.4%.	  
•  China‘s	  next	  five-‐year	  plan	  for	  2016-‐2020	  is	  likely	  to	  be	  the	  single	  most	  

important	  document	  for	  the	  future	  of	  the	  climate.	  
•  IniSal	  proposals	  from	  China’s	  NaSonal	  Energy	  Agency	  would	  	  

–  limit	  the	  growth	  in	  coal	  consumpSon	  to	  2%,	  	  
–  wind	  power	  capacity	  would	  more	  than	  double	  	  
–  solar	  capacity	  would	  grow	  more	  than	  5-‐fold.	  



The	  global	  significance?	  



See related analysis “As China and the US move away from coal could global emissions really peak?” by Lauri Myllyvirta at Energydesk:  
http://www.greenpeace.org.uk/newsdesk/energy/analysis/china-and-us-move-away-coal-there-new-opportunity-global-emissions-peak 



Conclusions	  
•  Emissions’	  phase	  out	  is	  a	  welcome,	  new	  IPCC	  message.	  	  
•  Zero	  carbon	  future	  is	  build	  (or	  missed)	  with	  today’s	  investment	  

decisions,	  due	  to	  their	  long	  life-‐Smes	  &	  “emissions	  commitment”.	  
•  Denmark’s	  example	  shows	  what	  it	  means	  to	  take	  fossil	  phase	  out	  

seriously.	  	  
•  There’s	  fresh	  hope	  for	  climate:	  

–  Renewables	  breakthrough	  
–  Coal	  projecSons	  changing	  rapidly	  

•  Some	  developments	  are	  too	  recent	  to	  be	  covered	  by	  the	  IPCC.	  
	  	  astaert	  

	  	  	  	  	  	  	  Will	  the	  UNFCCC	  &	  governments	  turn	  focus	  into	  phase	  out?	  



Thank you! 
 kaisa.kosonen@greenpeace.org, tel: +358 50 368 8488#


