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Figure TS.3. Allocation of GHG emissions across sectors and country income groups. Panel a: Share 
(in %) of direct GHG emissions in 2010 across the sectors. Indirect CO2 emission shares from 
electricity and heat production are attributed to sectors of final energy use. Panel b: Shares (in %) of 
direct and indirect emissions in 2010 by major economic sectors with CO2 emissions from electricity 
and heat production attributed to the sectors of final energy use. Lower panel: Total anthropogenic 
GHG emissions in 1970, 1990 and 2010 by economic sectors and country income groups. GHG 
emissions from international transportation are reported separately. The emissions data from 
Agriculture, Forestry and Other Land Use (AFOLU) includes land-based CO2 emissions from forest 
and peat fires and decay that approximate to net CO2 flux from the Forestry and Other Land Use 
(FOLU) sub-sector as described in chapter 11 of this report. Emissions are converted into CO2-
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The role of energy in GHG emissions (II) 
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Carbon-energy flows 

http://web.upcomillas.es/Centros/bp/D3_Sankey/sankey_co2.html 
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The role of energy in mitigation 
• Reaching atmospheric concentration levels of 430 to 650 

ppm by 2100 will require large-scale challenges to global 
and energy systems over the coming decades [high 
confidence] 
– 3x – 4x share low-carbon energy in 2050 
– 2100 concentration levels unachievable if the full suite of low-
carbon technologies is not available 

– Demand reductions on their own will not be sufficient 
– But will be a key mitigation strategy and will affect the scale 
of the mitigation challenge for the energy supply side 

(AR5 WG3 Technical Summary) 
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TS.2.2��� Greenhouse�gas�emission�drivers�

This�section�examines�the�factors�that�have,�historically,�been�associated�with�changes�in�emission�
levels.�Typically,�such�analysis�is�based�on�a�decomposition�of�total�emissions�into�various�
components��such�as�growth�in�the�economy�(GDP/capita),�growth�in�the�population�(capita),�the�
energy�intensity�needed�per�unit�of�economic�output�(energy/GDP)�and�the�emission�intensity�of�
that�energy�(GHGs/energy).�As�a�practical�matter,�due�to�data�limitations�and�the�fact�that�most�GHG�
emissions�take�the�form�of�CO2�from�industry�and�energy,�almost�all�this�research�focuses�on�CO2�
from�those�sectors.�

Growth�in�economic�output�and�population�are�the�two�main�drivers�for�worldwide�increasing�GHG�
emissions,�outpacing�emission�reductions�from�improvements��in�energy�intensity�(high�confidence).�
Worldwide�population�increased�by�86%�between�1970�and�2010,�from�3.7�to�6.9�billion.�Over�the�
same�period,�economic�growth�as�measured�through�production�and/or�consumption�has�also�
grown�a�comparable�amount,�although�the�exact�measurement�of�global�economic�growth�is�difficult�
because�countries�use�different�currencies�and�converting�individual�national�economic�figures�into�
global�totals�can�be�done�in�various�ways.��With�rising�population�and�economic�output,�emissions�of�
CO2�from�fossil�fuel�combustion�have�risen�as�well.�Over�the�last�decade�the�importance�of�economic�
growth�as�a�driver�of�global�emissions�has�risen�sharply�while�population�growth�has�remained�
roughly�steady.�Due�to�technology,�changes�in�the�economic�structure,�the�mix�of�energy�sources�
and�changes�in�other�inputs�such�as�capital�and�labour,�the�energy�intensity�of�economic�output�has�
steadily�declined�worldwide,�and�that�decline�has�had�an�offsetting�effect�on�global�emissions�that�is�
nearly�of�the�same�magnitude�as�growth�in�population�(Figure�TS.6).�There�are�only�a�few�countries�
that�combine�economic�growth�and�decreasing�territorial�emissions�over�longer�periods�of�time.�
Decoupling�remains�largely�atypical,�especially�when�considering�consumptionͲbased�emissions.�[1.3,�
5.3]�

�
Figure TS.6.�Decomposition of decadal absolute changes in total CO2 emissions from fossil fuel 
combustion by Kaya factors: population (blue), GDP per capita (red), energy intensity of GDP (green) 
and carbon intensity of energy (purple). Total decadal changes in CO2 emissions are indicated by a 
black triangle. Changes are measured in gigatonnes of CO2 emissions per year (Gt/yr). [Figure 1.7]

IPCC	  AR5,	  WG3	  Technical	  Summary	  



6 / 23 

Drivers for GHG emissions (II) Final�Draft� Technical�Summary� IPCC�WGIII�AR5�
�

20�of�99�
�

�
Figure TS.7.�Global baseline projection ranges for Kaya factors. Scenarios harmonized with respect 
to a particular factor are depicted with individual lines. Other scenarios depicted as a range with 
median emboldened; shading reflects interquartile range (darkest), 5th – 95th percentile range 
(lighter), and full extremes (lightest), excluding one indicated outlier in population panel. Scenarios are 
filtered by model and study for each indicator to include only unique projections. Model projections 
and historic data are normalized to 1 in 2010. GDP is aggregated using base-year market exchange 
rates. Energy and carbon intensity are measured with respect to total primary energy. [Figure 6.1] 

  

IPCC	  AR5,	  WG3	  Technical	  Summary	  
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Access to energy? 

these emissions on global warming as measured by the increase in surface global mean temperature. The table 
shows that the cumulative emissions due to energy poverty eradication would be in the range of 16 to 131 
GtCO2, with the discrepancy mostly attributable to the use and retirement of the additional energy 
infrastructure in the long term. In terms of consequences for global warming, the induced temperature change 
would be very limited, below 0.1C in all cases with high probability7. It is also instructive to compare this level of 
emissions to the carbon budget consistent with policies aimed at climate stabilization; climate stabilization 
policies compatible with the 2 degree Celsius objective entail cumulative emissions over the century in the 
range of 1500-2500 GtCO2, and thus the emissions associated with the energy poverty policy would increase 
the mitigation effort by at most less than 10%. Carbon prices for a 2C climate policy (e.g. 450 ppm-eq) have 
been estimates at 12-120 $/tCO2 in net present value, with a median of around 40$/tCO2; taking this last value 
the carbon costs of the energy eradication programme would be at most in the order of 5 USD Trillions (for the 
high scenario of 131 GtCO2). These do not represent real economic costs, but only the value of the emissions at 
the marginal price of carbon consistent with the 2C policies. Economy wide costs are likely to be lower. It is 
however worth noticing that the economic costs of emissions reductions as predicted by the integrated 
assessment models which have run climate stabilization scenarios are very non linear in the mitigation effort 
(Clarke et al., 2009): thus, even a mild increase in mitigation effort could lead to a non marginal change in the 
policy costs, but only in case of already stringent climate targets.  

 Low High 

 Optimistic Pessimistic Optimistic Pessimistic 

2009-2030: Energy poverty alleviation 
emissions (GtCO2) 

2.9 2.9 17.8 17.8 

2030-2060: Use of additional energy 
infrastructure (GtCO2) 

7.9 7.9 48.5 48.5 

2060-2100: Retirement of additional 
infrastructure (GtCO2) 

5.3 10.5 32.3 64.7 

2009-2100: Total emissions (GtCO2) 16.1 21.3 98.7 131 

Additional  temperature increase 
(degree C): mean and 10-90 percentile 
in square brackets 

0.008 

[0.004-0.011] 

0.01 

[0.006-0.014] 

0.047 

[0.027-0.067] 

0.063 

[0.036-0.089] 

Table 3: Estimated additional emissions and temperature rise from an energy poverty alleviation program. 

 

Concluding remarks 

                                                           
7  We use the carbon budget approach which relates every 1000GtCO2 emitted in the atmosphere with an increase in 

equilibrium temperature of 0.48C, with a 90% range of 0.27C to 0.68C. 

Chakravarty and Tavoni, 2013 
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Energy-related mitigation options 
• Decarbonization of energy supply 
• Final energy demand reductions 
• Switch to low-carbon fuels 
• Different by sector 

– Decarbonization of electricity generation is a key component: 
quicker and simpler 

– The transport sector is difficult to decarbonize, and 
opportunities for fuel switching are low in the short term 

– Large achievable potential in the building sector, but strong 
barriers 
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Mitigation potential (I) 
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Chapter 8 | Climate change mitigation and the 450 Scenario

Figure 8.7 ٲ  Global energy-related CO2 emissions abatement in the 
450 Scenario relative to the New Policies Scenario

 
 

 

 

 

 

 

 

 

 

CO2 abatement 2020 2035
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EŽƚĞƐ͗��ĐƟǀŝƚǇ�ĚĞƐĐƌŝďĞƐ�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĚĞŵĂŶĚ�ĨŽƌ�ĞŶĞƌŐǇ�ƐĞƌǀŝĐĞƐ͕�ƐƵĐŚ�ĂƐ�ůŝŐŚƟŶŐ�Žƌ�ƚƌĂŶƐƉŽƌƚ�ƐĞƌǀŝĐĞƐ͕�
ĚƵĞ�ƚŽ�ƉƌŝĐĞ�ƌĞƐƉŽŶƐĞƐ͘�WŽǁĞƌ�ƉůĂŶƚ�ĞĸĐŝĞŶĐǇ� ŝŶĐůƵĚĞƐ�ĞŵŝƐƐŝŽŶƐ�ƐĂǀŝŶŐƐ�ĨƌŽŵ�ĐŽĂůͲƚŽͲŐĂƐ�ƐǁŝƚĐŚŝŶŐ͘�&Žƌ�
ŵŽƌĞ�ĚĞƚĂŝů�ŽŶ�ƚŚĞ�ĚĞĐŽŵƉŽƐŝƟŽŶ�ƚĞĐŚŶŝƋƵĞ�ƵƐĞĚ͕�ƐĞĞ��Žǆ�ϵ͘ϰ�ŝŶ��ŚĂƉƚĞƌ�ϵ͘

The second most important abatement measure are renewables (excluding biofuels), with 
ŝŶĐƌĞĂƐĞĚ� ƵƐĞ� ŶŽƚ� ŽŶůǇ� ŝŶ� ƉŽǁĞƌ� ŐĞŶĞƌĂƟŽŶ� ďƵƚ� ĂůƐŽ� ŝŶ� ďƵŝůĚŝŶŐƐ� ;ĨŽƌ� ƐƉĂĐĞ� ĂŶĚ�ǁĂƚĞƌ�
ŚĞĂƟŶŐͿ�ĂŶĚ�ŝŶ�ŝŶĚƵƐƚƌǇ�;ĂƐ�ĂŶ�ĂůƚĞƌŶĂƟǀĞ�ĨƵĞů�ƐŽƵƌĐĞͿ͘��ŵŽŶŐ�ƌĞŶĞǁĂďůĞƐ�ŝŶ�ƚŚĞ�ƉŽǁĞƌ�
sector, wind, hydro, and biomass are the most important sources of CO2 abatement. Next 
to renewables, CCS saves 2.5 Gt CO2�ŝŶ�ϮϬϯϱ͕�ďĞĐŽŵŝŶŐ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ƐŽƵƌĐĞ�ŽĨ�ŵŝƟŐĂƟŽŶ�
ĨƌŽŵ�ϮϬϮϬ�ŽŶǁĂƌĚƐ͘�/Ŷ�ƐĞǀĞƌĂů�ĐŽƵŶƚƌŝĞƐ͕�ƐƵĐŚ�ĂƐ��ŚŝŶĂ�ĂŶĚ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ͕�ǀĞƌǇ�ĞĸĐŝĞŶƚ�
ĐŽĂůͲĮƌĞĚ�ƉŽǁĞƌ�ƐƚĂƟŽŶƐ�ĂƌĞ�ďƵŝůƚ�ƵƉ�ƚŽ�ϮϬϮϬ�ĂŶĚ�ĂƌĞ�ƌĞƚƌŽĮƩĞĚ�ǁŝƚŚ�ĐĂƌďŽŶ�ĐĂƉƚƵƌĞ�ĂŶĚ�
storage in the following years as a consequence of a rising CO2 price.

Transport is the end-use sector that has seen – by far – the most rapid increase in emissions 
over the last twenty years. CO2 emissions in the sector increased by 2.2 Gt CO2 from 1991 
to 2011, or by almost 50%. Reducing emissions in transport thus forms a crucial element 
for any comprehensive strategy to reduce global CO2 emissions. Road transport accounts 
ĨŽƌ� ĂďŽƵƚ� ƚŚƌĞĞͲƋƵĂƌƚĞƌƐ� ŽĨ� ŐůŽďĂů� ƚƌĂŶƐƉŽƌƚ� ĞŵŝƐƐŝŽŶƐ� ĂŶĚ� Ă� ĚŝǀĞƌƐĞ� ƐĞƚ� ŽĨ� ŵŝƟŐĂƟŽŶ�
ŵĞĂƐƵƌĞƐ�ǁŝůů�ďĞ�ƌĞƋƵŝƌĞĚ�ŝŶ�ƚŚŝƐ�ƐƵďͲƐĞĐƚŽƌ�;&ŝŐƵƌĞ�ϴ͘ϴͿ͘�hƉ�ƚŽ�ϮϬϮϬ͕�ůŽǁĞƌ�ǀĞŚŝĐůĞ�ƵƐĂŐĞ͕�
ĨƵĞů� ĞĸĐŝĞŶĐǇ� ŐĂŝŶƐ� ĂŶĚ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ� ƚŚĞ� ƵƐĞ� ŽĨ� ďŝŽĨƵĞůƐ� ĚŽŵŝŶĂƚĞ� ĂďĂƚĞŵĞŶƚ͘� KǀĞƌ�
the longer term, improvements in vehicle fuel economy represent the most important 
ĂďĂƚĞŵĞŶƚ�ŵĞĂƐƵƌĞƐ͕� ĂĐĐŽƵŶƟŶŐ� ĨŽƌ� ϱϭй�ŽĨ� ĐƵŵƵůĂƟǀĞ� ƐĂǀŝŶŐƐ� ŝŶ� ƚŚĞ� ƚƌĂŶƐƉŽƌƚ� ƐĞĐƚŽƌ�
from 2011 to 2035.

,ŝŐŚĞƌ�ĨƵĞů�ƉƌŝĐĞƐ� ůĞĂĚ�ƚŽ�Ă� ůŽǁĞƌ�ǀĞŚŝĐůĞ�ƵƐĂŐĞ�ŝŶ�ƚŚĞ�ϰϱϬ�^ĐĞŶĂƌŝŽ͘�dŚĞ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�
450 Scenario is due to the assumed removal of subsidies in developing countries and an 
ŝŶĐƌĞĂƐĞ� ŝŶ� ĨƵĞů� ĚƵƚǇ� ŝŶ� K���� ĐŽƵŶƚƌŝĞƐ͕� ǁŚŝĐŚ� ŝŶĐƌĞĂƐĞƐ� ĞŶĚͲƵƐĞ� ƉƌŝĐĞƐ� ĂŶĚ� ůŝŵŝƚƐ� ƚŚĞ�
ƌĞďŽƵŶĚ�ĞīĞĐƚ�ĨƌŽŵ�ŵŽƌĞ�ĞĸĐŝĞŶƚ�ǀĞŚŝĐůĞƐ͘�dŚĞ�ƚĂǆ�ůĞǀĞů�ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�
fuel duty for gasoline of $0.43 per litre (l) in the European Union and $0.34/l ($1.29 per 
gallon) in the United States.

241-266_Chapitre 8_weo_16.indd   253 18/10/2012   16:47:26

Source: IEA World Energy Outlook 2012 

Behavioral vs Technological 
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carriers�compared�to�buildings�and�industry�(Figure�TS.17).�[6.3.4,�6.8,�8.9,�9.8,�10.10,�7.11,�Figure�
6.17] 

The�availability�of�carbon�dioxide�removal�technologies�affects�the�size�of�the�mitigation�challenge�
for�the�energy�endͲuse�sectors�(robust�evidence,�high�agreement)�[6.8,�7.11].�There�are�strong�
interdependencies�between�the�required�pace�of�decarbonization�of�energy�supply�and�endͲuse�
sectors.�The�more�rapid�decarbonization�of�supply�generally�provides�more�flexibility�for�the�endͲuse�
sectors.�However,�barriers�to�decarbonizing�the�supply�side,�resulting�for�example�from�a�limited�
availability�of�CCS�to�achieve�negative�emissions�when�combined�with�bioenergy,�require�a�more�
rapid�and�pervasive�decarbonisation�of�the�energy�endͲuse�sectors�in�scenarios�achieving�low�CO2eq�
concentration�levels�(Figure�TS.17).�The�availability�of�mature�largeͲscale�energy�generation�or�
carbon�sequestration�technologies�in�the�AFOLU�sector�also�provides�flexibility�for�the�development�
of�mitigation�technologies�in�the�energy�supply�and�energy�endͲuse�sectors�[11.3]�(limited�evidence,�
medium�agreement),�though�there�may�be�adverse�impacts�on�sustainable�development.��

Figure TS.17. Direct emissions of CO2 and non-CO2 GHGs across sectors in mitigation scenarios that 
reach around 450 (430-480) ppm CO2eq concentrations in 2100 with using CCS (left panel) and 
without using CCS (right panel). The numbers at the bottom of the graphs refer to the number of 
scenarios included in the ranges that differ across sectors and time due to different sectoral resolution 
and time horizon of models. [Figures 6.35] 

Spatial�planning�can�contribute�to�managing�the�development�of�new�infrastructure�and�increasing�
systemͲwide�efficiencies�across�sectors�(robust�evidence,�high�agreement).�Land�use,�transport�
choice,�housing,�and�behaviour�are�strongly�interlinked�and�shaped�by�infrastructure�and�urban�form.��
Spatial�and�land�use�planning,�such�as�mixed�use�zoning,�transportͲoriented�development,�increasing�
density,�and�coͲlocating�jobs�and�homes�can�contribute�to�mitigation�across�sectors�by�a)�reducing�
emissions�from�travel�demand�for�both�work�and�leisure,�and�enabling�nonͲmotorized�transport,�b)�
reducing�floor�space�for�housing,�and�hence�c)�reducing�overall�direct�and�indirect�energy�use�
through�efficient�infrastructure�supply.�Compact�and�inͲfill�development�of�urban�spaces�and�
intelligent�densification�can�save�land�for�agriculture�and�bioenergy�and�preserve�land�carbon�stocks.�
[8.4,�9.10,�10.5,�11.10,�12.2,�12.3]��

Interdependencies�exist�between�adaptation�and�mitigation�at�the�sectoral�level�and�there�are�
benefits�from�considering�adaptation�and�mitigation�in�concert�(medium�evidence,�high�
agreement).�Particular�mitigation�actions�can�affect�sectoral�climate�vulnerability,�both�by�

IPCC	  AR5,	  WG3	  Technical	  Summary	  
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Assessing costs and potentials 
• It is easy to overestimate potentials and 
underestimate costs 
– Counterfactual scenarios 
– Public vs Private perspectives 

• Discount rates 
• Taxes 

– Interactions between options 
– Rebound effect 
– Bottom-up vs Top-down 
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The McKinsey curve 

6 / 14 

The McKinsey curve 
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AR5 Energy supply 
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Figure TS.19. Specific direct and lifecycle emissions (gCO2/kWh and gCO2eq/kWh, respectively) and 
levelized cost of electricity (LCOE in USD2010/MWh) for various power-generating technologies (see  
Annex III, Section A.III.2 for data and assumptions and Annex II, Section A.II.3.1 and Section A.II.9.3 
for methodological issues). The upper left graph shows global averages of specific direct CO2 
emissions (gCO2/kWh) of power generation in 2030 and 2050 for the set of 430–530 ppm scenarios 
that are contained in the WG III AR5 Scenario Database (cf. Annex II, Section A.II.10). The global 
average of specific direct CO2 emissions (gCO2/kWh) of power generation in 2010 is shown as a 
vertical line. Note: The inter-comparability of LCOE is limited. For details on general methodological 
issues and interpretation see Annexes as mentioned above.[Figure 7.7] 

IPCC	  AR5,	  WG3	  Technical	  Summary	  
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AR5 Transport 
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Figure TS.21. Indicative emission intensity (tCO2/p-km) and levelized costs of conserved carbon 
(LCCC in USD2010/tCO2 saved) of selected passenger transport technologies. Variations in emission 
intensities stem from variation in vehicle efficiencies and occupancy rates. Estimated LCCC for 
passenger road transport options are point estimates ±100 USD2010/tCO2 based on central estimates 
of input parameters that are very sensitive to assumptions (e.g., specific improvement in vehicle fuel 
economy to 2030, specific biofuel CO2 intensity, vehicle costs, fuel prices). They are derived relative 
to different baselines (see legend for colour coding) and need to be interpreted accordingly. Estimates 
for 2030 are based on projections from recent studies, but remain inherently uncertain. LCCC for 
aviation are taken directly from the literature. Table 8.3 provides additional context (see Annex III, 
Section A.III.3 for data and assumptions on emission intensities and cost calculations and Annex II, 
Section A.II.3.1 for methodological issues on levelized cost metrics). 

Shifts�in�transport�mode�and�behaviour,�impacted�by�new�infrastructure�and�urban�(re)development,�
can�contribute�to�the�reduction�of�transport�emissions�(medium�evidence,�low�agreement).�Over�the�
mediumͲterm�(up�to�2030)�to�longͲterm�(to�2050�and�beyond),�urban�redevelopment�and�new�
infrastructure,�linked�with�land�use�policies,�could�evolve�to�reduce�GHG�intensity�through�more�
compact�urban�form,�integrated�transit,�and�urban�planning�oriented�to�support�cycling�and�walking.�
This�could�reduce�GHG�emissions�by�20–50%�compared�to�baseline.�Pricing�strategies,�when�
supported�by�public�acceptance�initiatives�and�public�and�nonͲmotorized�transport�infrastructures,�
can�reduce�travel�demand,�increase�the�demand�for�more�efficient�vehicles�(e.g.,�where�fuel�

IPCC	  AR5,	  WG3	  Technical	  Summary	  
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The Economics for Energy curve 
• Expert-based 
• Only technological changes 
• Interaction between options 
• Public and private perspectives 

• Translating energy into GHG mitigation 
– Electricity: 0.3 tCO2/MWh 
– Transport: 0.25 tCO2/MWh 
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Counterfactual scenario 

Efficient vehicles 
Boilers Lighting 

Wind Heat pump 

Insulation 

26% savings c/BAU 
2% lower than 2010 
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“Aggresive policy” scenario 

17 

Efficient vehicles and modal change 

Wind Heat pump 

Insulation 

19% additional savings 
50% negative cost 
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“Advanced technology” scenario 

Wind 

Hybrid / Electric 

HW solar Solar TE 

Insulation 

Lighting 

Heat pumps 

15% additional savings 
40% negative cost 
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Why don’t we use negative cost measures? 
• The energy-efficiency paradox 
• Non-monetary barriers 

– Hidden or transaction costs 
– Lack of awareness 
– Inertia 
– Risk premium 

• In most cases, the problem is not economic 
– Subsidies may be useless 
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Why do some measures look so expensive? 
• Lack of the right information 

– Very difficult to get reliable data (non-ETS) 
– Data aggregation: there may be niches 

• Multiple objectives (e.g. Buildings) 
– How to allocate the cost? 

• Interaction between measures 
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Low-carbon policies 
• Carbon price  

–  Auctioned cap-and-trade 

–  Safety valve 

plus 
•   Technology standards 
•   Technology policies 

–  Market-pull 

–  Technology-push 

•   Education policies 
•   Voluntary approaches 
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Energy efficiency policies 
Policy instrument 

Low energy prices Taxes; Real time pricing 
Hidden and transaction costs R&D; Institutional reform 

Uncertainty and irreversibility Information programs 

Information failures Information programs 
Bounded rationality Information programs, Education, Standards 

Slowness of technological diffusion R&D programs; R&D incentives 

Principal-agent problem Information programs; Institutional reform 

Capital markets imperfections Financing programs 

Divergence with social discount rates Financing programs 
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Conclusions 
• We need all options 

– Low-carbon energy 
– Energy efficiency (technology & behavioral changes) 

• The potential is huge 
– But must be estimated correctly 

• The cost: 
– May be very low, even negative 
– Or very high 

• Good policies are required 
• Adaptation also needs to be factored in 
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