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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-

IPCC	AR5,	WG3	Technical Summary
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Carbon-energy flows

http://www.comillas.edu/Documentos/BP/sankey_energy.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
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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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Emissions reductions required (I)

40 World Energy Outlook | Special Report

per kilometre improve significantly by 2030, the latter declining by around half. Despite 
these improvements, the transport sector accounts for nearly half of the pro ected increase 
in global energy-related CO2 emissions to 2030. Oil consumption in the sector goes from 
4  mb d in 2013 to 5  mb d in 2030, while the transition towards alternative vehicles 
is barely underway in the INDC cenario and continues to face a number of challenges 
relating to costs, refuelling infrastructure and consumer preferences. ( ee Chapter 4 for 
more on electric vehicles.)

Neither the scale nor the composition of energy sector investment in the INDC cenario 
is suited to move the world onto a 2 °C path. Cumulative investment in fossil-fuel supply 
accounts for close to 45% of the energy sector total, while low-carbon energy supply 
accounts for 15% ( igure 2.4). lobal investment in fossil-fuelled power generation 
capacity declines over time, to stand at around 100 billion in 2030, but investment in 
coal-fired plants still accounts for more than half of the total at that time. Investment 
in renewable-based power supply remains relatively stable over the period to 2030, 
averaging 2 0 billion per year, with ongoing reductions in unit costs masking higher levels 
of deployment. lobal investment in nuclear power remains concentrated in ust a few 
markets. On the demand side, around  trillion is invested in energy efficiency from 2015 
to 2030 in the INDC cenario.3 One-third of this is spent by motorists on more efficient cars, 
while more than another third is on improved efficiency in buildings (mainly insulation, 
efficient appliances and lighting) and the rest is split between energy efficiency in industry 
and road freight.

Figure 2.4 ⊳  Cumulative global energy sector investments by sector in the 
INDC and 450 Scenarios, 2015-2030 (trillion dollars, 2013)
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450 Scenario 
$37.9 trillion 

End-use eĸciency: 
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Transport 
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Fuel supply:  

Biofuels 
Coal 
Gas 
Oil 

Power supply:  

Nuclear 
Renewables 
T&D 

Fossil fuels 

Note: T D is transmission and distribution.

3. Energy efficiency investment is defined as the additional expenditure made by energy users to improve the 
performance of their energy-using e uipment above the average efficiency level of that e uipment in 2012.

IEA	WEO	Special Report on Energy and	Climate,	2015



10 / 31

Emission reductions required (II)

42 World Energy Outlook | Special Report

Clean Power Plan,5 tax credits for wind and solar, state-level renewable por olio standards, 
a goal to reduce methane emissions from the oil and gas sector, vehicle fuel-economy 
standards, energy conservation standards and targets to reduce hydro uorocarbons. There 
have also been important market developments, most notably the emergence of large-
scale shale gas production.

Figure 2.5 ⊳  Energy-related CO2 emissions per capita by selected region in 
the INDC Scenario and world average in the 450 Scenario, 2030
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As of 2013, the United tates was around 35% of the way towards the lower-end (2 %) 
of its 2025 emissions reduction target, while seeing its economy grow by around 10% 
since 2005. Between 2005 and 2013, net  emissions were reduced by 54  million 
tonnes of carbon-dioxide e uivalent ( t CO2-e ), at a pace of around 0 t CO2-e  per 
year. Energy-related CO2 emissions accounted for all of the net reductions, with around 0% 
coming from the power sector, mainly as a result of lower natural gas prices encouraging 
coal-to-gas switching, increasing contributions from renewables and, to a much lesser 
extent, coal plants being retired in anticipation of the ercury and Air Toxics tandards 

5. The U  Environmental Protection Agency (EPA) has proposed a Clean Power Plan for Existing Power Plants and Carbon 
Pollution tandards for New, odified and econstructed Power Plants. The EPA is expected to issue final rules in  
mid-2015.
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Emissions reductions required (III)

74 World Energy Outlook | Special Report

E i ion  tren  in t e ri ge cenario

oba  emissions abatement 

Effective implementation of the proposed measures in the Bridge cenario would have 
profound implications for global  emissions.8 Emissions would be 2.  t (or %) lower 
than in the INDC cenario by 2025 and 4.  t (or 13%) lower by 2030, meaning that energy-
related  emissions would peak and then begin to decline by around 2020 ( igure 3.2). 
Their adoption is insufficient alone to put the world on track for reaching the 2 °C target 
(the long-term global mean temperature would rise by 2.  °C if no additional mitigation 
measures were taken later), but they would put the world on track for further emissions 
reductions. They would also lock-in recent trends that decouple economic growth from 
emissions growth in some regions and broaden that de-linking ( igure 3.3).

Figure 3.2 ⊳  Global energy-related GHG emissions reduction by policy 
measure in the Bridge Scenario relative to the INDC Scenario
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The largest contribution to global GHG abatement comes from energy efficiency, which 
is responsible for 4 % of the savings in 2030 (including direct savings from reduced 
fossil-fuel demand and indirect savings as a result of lower electricity demand thereby 
reducing emissions from the power generation).9 The power sector is the second-largest 
contributor to global  savings, at 2 % in 2030. While limitations on the use of the 
least-efficient coal power plants are effective in curbing global GHG emissions until 2020 

. Tables containing detailed pro ection results for the Bridge cenario by region, fuel and sector are available in Annex B.

. The results take into account direct rebound effects as modelled in the IEA s World Energy odel. Direct rebound 
effects are those in which energy efficiency increases the energy service gained from each unit of final energy, reducing 
the price of the service and eventually leading to higher consumption. Policies to increase end-user prices are one way 
to reduce such rebound effects, but are not considered in the Bridge Scenario (except for fossil-fuel subsidy reform). The 
level of the rebound effect is very controversial; a review of 500 studies suggests though that direct rebound effects are 
likely to be over 10% and could be considerably higher (IPCC, 2014). 

IEA	WEO	Special Report on Energy and	Climate,	2015
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Deep decarbonization
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Box 2.3 ⊳  Exploring the implications of a “well below 2 °C” or a 1.5 °C 
emissions pathway

The Paris Agreement does not include a precise definition of what holding the 
temperature rise to “well below 2 °C”, while also pursuing efforts to limit global warming 
to 1.5 °C, means as a target for climate action. One interpretation of the goals is as a 
range spanning a scenario that provides a reasonable chance of staying below 1.5 °C 
at the lower end, to a scenario that provides a reasonable chance of staying below 
2 °C at the upper end. The 450 Scenario, for example, has a 50% chance of limiting 
the temperature rise to 2 °C and therefore lies at the top of this range. But within 
this putative range, we can select an illustrative case to explore some of the potential 
implications for the energy sector of aiming to go beyond the mitigation levels in the 
450 Scenario. One such case, for which the “CO2 budgets” have been examined in 
detail by the Intergovernmental Panel on Climate Change (IPCC), has a 66% chance of 
staying below 2 °C. It would imply a 50% chance of a 1.84 oC temperature rise in 2100.

Figure 2.9 ⊳   In icati e g o a  energ  sector emissions  u gets an  
trajectories for different decarbonisation pathways
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Without net-negative emissions, energy sector CO2 emissions fall to zero by 2040  
for a 50% chance of 1.5 °C and around 2060 for a 66% chance of 2 °C 

The remaining energy sector CO2 budget between 2015 and 2100 in this illustrative “well 
below 2 °C” case is 830 Gt, some 250 Gt, or 25%, less than the 450 Scenario energy sector 
CO2 budget (Figure 2.9). Multiple emissions trajectories are consistent with this CO2 
budget, but one that avoids relying on global emissions turning net-negative requires 
energy-related CO2 emissions to be at net-zero by around 2060. Energy-related CO2 
emissions in 2040 would need to be around 16 Gt, just over 2 Gt lower than emissions in 
the 450 Scenario. While this might not appear to be an enormous escalation of ambition,
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Mitigation potential
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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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But the future may not take us there

…for strictly logical reasons, it is impossible
for us to predict the future course of 
history. 

Sir Karl R. Popper



15 / 31

Many possible futures
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Many possible futures
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Many possible futures
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Many possible futures
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Many studies
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IEA WEO

• Large investment needs to keep supply flowing, even more to decarbonize
• The Paris goal (1.5ºC) is almost unachievable
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Figure 2.4 ⊳  Global primary energy mix in the New Policies Scenario (Mtoe)
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Figure 2.7 ⊳  Global primary energy demand and related CO2 emissions 
by scenario
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While energy sector CO2 emissions rise by 4 Gt in the New Policies Scenario, 
they fall by 14 Gt in the 450 Scenario

Note: Gt = gigatonnes.

The 450 Scenario depicts a low-carbon transition compatible with limiting the average 
global temperature increase in 2100 to 2 degrees Celsius above pre-industrial levels. It 
requires that emissions peak before 2020 and then drop steadily to around 18 Gt by 2040. 
Moving to this trajectory is the dominant focus for the analysis of the energy transition in 
WEO-2016. In addition, this Outlook includes a first assessment of even more ambitious 
emissions reduction pathways that, in the words of the Paris Agreement, can keep the 
rise in the global mean temperature to “well below 2 °C”, and pursue “efforts to limit the 
temperature increase to 1.5 °C” (Box 2.3).

In the New Policies Scenario, the growth of low-carbon sources of power generation is 
sufficient to achieve the first stage in the decoupling of electricity generation from power 
sector emissions: electricity generation rises by two-thirds over the period to 2040, but 
power-related CO2 emissions stagnate, rising only modestly above today’s level. As a result, 
the emissions intensity of power generation falls from around 515 grammes of CO2 per 
kilowatt-hour (g CO2/kWh) today to around 335 g CO2/kWh in 2040 (Figure 2.8), a rate of 
improvement faster than that of any other sector. 

But, to align with the 450 Scenario, the emissions intensity of power generation needs to 
fall much further and faster, to around 80 g CO2/kWh. The additional reduction is facilitated 
by higher CO2 prices and extended policy support to low-carbon generation, with the largest 
increases – as we have seen – in wind and solar generation. Nuclear generation also rises, 
with an absolute increase comparable to that of all solar technologies combined. Carbon 
capture and storage becomes an important protection strategy for fossil-fuel assets that 
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THE KEY ROLE OF LAND USE
Nearly a quarter of anthropogenic 
greenhouse gas emissions today comes 
from agriculture, forestry and other land use. 
And as the global population grows and 
becomes wealthier over time, demand for 
crops, pasture to feed animals, wood products 
and biomass are all set to rise further. So if we 
hope to achieve net-zero emissions, it is vitally 
important to control land-use emissions.

First, the highest priority is to stop and reverse 
conversion of natural forests, peat-lands and 
high-carbon grassland to agricultural use. 
Indeed, this is considered by many to be as 
important as reducing a similar amount of 
CO2 from coal power stations, given the other 
benefits that natural ecosystems provide, both 
short- and long-term. These benefits include 
biodiversity, water cycle management, soil 
protection and maintenance of the natural 
carbon cycle.

Diverse land types and uses require a variety 
of approaches. By 2050, the world may 
need a 60% increase in crop yields from the 
land already cultivated. And the amount of 
food and agricultural products that are simply 
wasted through poor harvesting, processing 
and distribution practices must be cut down 
from the 30–50% of total production that is 
wasted today.

Second, the world must reduce emissions from 
rearing animals. 80% of agricultural land is used 
as pasture to feed animals. Without stringent 
controls, emissions from livestock of methane 
– which is a far more potent greenhouse gas 
than CO2 – could more than double from 
2010 to 2100. Many experts in food policy 
see the growth in most current patterns of meat 
production and consumption as the outstanding 

challenge in reaching a sustainable agriculture. 
While global meat consumption will surely rise 
in future, a shift to alternative diets would help 
moderate demand growth overall.

Third, agricultural production must significantly 
reduce nitrous oxide (N2O) emissions from 
the use of fertilisers, which are on course 
to double or even triple over the century. 
Nitrous oxide is approximately 300 times 
more potent as a greenhouse gas than 
CO2 and remains in the atmosphere for 
over a hundred years. The IPCC argues that 
prospects for reducing CO2 from land-use 
by mid-century are more promising than 
from most energy and energy-use sectors, 
but acknowledges that “some sources of 
these non-CO2 gases are difficult to mitigate, 
such as N2O emissions from fertiliser use 
and methane emissions from livestock. As a 
result, emissions of most non-CO2 gases will 
not be reduced to zero, even under stringent 
mitigation scenarios.”14

Changing land-use practices for the better 
will require action in five broad areas: the 
production of food, feed, fibre and energy, 
and the management of nature. The higher the 
growth that can be achieved in crop yields, 
the less dramatic will be the changes and 
trade-offs required among meat production, 
bio-energy and re-wilding. Clear policies 
are required to set the framework for 
sustainable intensification of land use, 
particularly in underdeveloped economies. 
Stimulating investment is key, and prices on 
greenhouse gases will help drive this.

Plausible energy mix in 
an emerging net-zero 
emissions world

Fossil Approximately 50–60% electrification of end use.With CCS
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The gradual transition in the fuel mix continues… 

*Renewables includes wind, solar, geothermal, biomass, and biofuels 

Primary energy consumption by fuel Shares of primary energy 
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Base case: Primary energy 

• Global resource abundance
• Increased car ownership – but electric cars remain anecdotal
• Oil demand for cars keeps growing
• Resources are not the problem
• Demand revised down, RES revised up
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Key uncertainties: Mobility revolution 

A faster mobility revolution could disrupt oil demand… 

Mb/d 

Impact on oil demand in 2035 
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The speed of transition has a significant impact… 
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Key uncertainties: Faster transition pathways 
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The speed of transition to a lower-carbon energy economy… 
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Bloomberg NEF

• Renewables rule
• Thanks to technological development
• Decentralized in developed countries, centralized in developing ones
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Large differences in building blocks
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Comparison with other low carbon scenarios… 

  
  

Faster 
transition 

Even 
faster 

transition 
IEA 450 MIT  

2o Base 

IHS Markit 
‘Solar 

Efficiency’ 

Greenpeace 
‘Revolution’ 

CAGR (%)* 2015-2035  

Carbon emissions -0.7% -2.0% -2.0% -2.0% -2.8% -3.2% 

Total energy 0.9% 0.8% 0.4% 0.5% -0.7% -0.1% 

Energy intensity -2.4% -2.5% -3.0% -2.9% -4.0% -3.5% 

Carbon intensity -1.5% -2.7% -2.3% -2.5% -2.1% -3.5% 

Share of total energy, 2035     

Oil & gas 51% 48% 48% 46% 51% 39% 

Renewables† 16% 23% 17% 29% 19% 38% 

Share of abatement vs. 2015 

Power sector >100% 89% 77% 74% 58% 35% 

* Compound annual growth rate  † includes biofuels  
See page 101 for a technical note on comparison methodology and page 102 for details of sources 
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Large differences among regions (I)
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Large differences among regions (II)

76 World Energy Outlook | Special Report

Figure 3.4 ⊳  Energy-related GHG emissions reduction in CO2-eq terms by 
policy measure and region in the Bridge Scenario relative to the 
INDC Scenario, 2030
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Notes: The relative shares of emissions savings by policy measure have been calculated using a ogarithmic ean Divisia 
Index I ( DI I) decomposition techni ue. In regions where fossil-fuel subsidies hinder energy efficiency investments 
today, the existing subsidy level in each sector was used to quantify the impact of fossil-fuel subsidy reform on emissions 
savings.

Although the strong growth in energy demand in China over the past decade has locked-
in a relatively carbon-intensive energy infrastructure, an earlier peak in CO2 emissions 
(including process emissions) can be achieved than in the INDC cenario: in the Bridge 

cenario, it is achieved in the early 2020s, as China s carbon intensity (i.e. the amount of 
CO2 emitted per unit of gross domestic product DP ) drops by 5.4% per year between 
2013 and 2030, compared with 4. % in the INDC cenario. The share of non-fossil fuels 
in primary energy demand rises to 23%10 by 2030, three percentage points above the 
target in the INDC cenario. In India, planned energy sector policies have a focus on 
large-scale solar P  deployment. aking more use of the energy efficiency potential 
across all sectors could help to cost-effectively reach India s energy sector targets and 
support a total reduction of GHG emissions by 400 Mt CO2-e  (or 11%) in 2030, relative 
to the INDC cenario. 

As in the case of China and India, most other countries had not submitted their INDCs for 
COP21 by 14 ay 2015, but their existing and planned policies give a good indication of the 
likely level of ambition of their targets. In Japan, for example, the existing and announced 

10. alue is calculated using the coal-e uivalent approach in Chinese statistics, which is likely to be the basis of the 
Chinese INDC. Using IEA definitions, the share of non-fossil fuels is 20% in 2030 in the Bridge cenario.

IEA	WEO	Special Report on Energy and	Climate,	2015
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And climate changes: hydroClimate Impacts on Energy Systems 31

rison and WhiĴ ington, 2002; Vicuña et al., 2005).6 The river fl ow series is simulated in 
hydrological models, which are in turn calibrated to current climate but forced with 
climate variables (normally from downscaled GCM data), such as precipitation and tem-
perature for selected emission scenarios. 

The modeling tools for analyzing climate impacts on a hydropower system ulti-
mately depend on the complexity of the system, for which two factors can be highlighted 
(Lucena et al., 2009b). The fi rst is how relevant hydropower generation is for the whole 
power system, in other words, whether hydroelectricity is complementary to (for ex-
ample, the United States and Western Europe) or complemented by (for example, Brazil 
and Norway) other power sources. If hydroelectricity is complementary to other gener-
ating sources, average values for hydropower production generally provide a suĜ  cient 
measure of climate impact. On the other hand, power systems fundamentally based in 
hydropower must be assessed in terms of a more conservative indicator, such as fi rm 
power,7 to minimize the risk of power shortages.

The second factor relates to geographical dispersion and the level of integration 
through transmission capacity. Transmission may play an important role in coping with 
regional climate variations in interconnected hydropower systems that cover a vast area. 
In Brazil and Colombia, for example, electricity transmission networks help to optimize 
the power system’s operation by compensating for regionally diě erent seasonal varia-
tions (Lucena et al., 2010b; UPME 2009). In such a case, just as the operation of diě erent 

Box 3.1. Projected Changes in Hydropower Generation 

Modeling by the Norwegian University of Science and Technology examined climate impacts 
on river fl ows and hydropower generation to 2050. Systems at highest risk had both a high 
dependence on hydropower generation for electricity and a declining trend in runoff. South 
Africa is quoted as one example with a potential reduction of 70 GWh per year in generation 
by 2050. Afghanistan, Tajikistan, Venezuela, and parts of Brazil face similar challenges. 

Source: Hamududu and Killingtveit, 2010. 



28 / 31

And not all technologies use the same water

Climate Impacts on Energy Systems 43

Most climate change impact assessments focus on water availability. A few studies 
also include comparisons with projected demand to test the vulnerability of water sup-
ply (for example, Arnell, 1999; Dvorak et al., 1997; Joyce et al., 2005; LeĴ enmaier et al.; 
1999; Wilby et al., 2006). In general, however, there is limited aĴ ention on the demand 
side. Changes in land use, higher water demand for crop irrigation, and population 
shifts caused by climate change are some of the issues that can aě ect the demand for 
water resources (Frederick and Major, 1997). Multiple uses of water resources (such as 
human and animal consumption, irrigation, ecosystem maintenance, and fl ood control) 
add signifi cant complexity to energy modeling. Similarly, it adds a large amount of un-
certainty to climate impact assessments on energy systems. 

The 2009 Market Report by Lux Research, “Global Energy: Unshackling Carbon 
From Water,” examined the carbon and water intensity of power production and as-
sociated tradeoě s (Figure 3.4). It highlights the challenge of simultaneously reducing 
GHG emissions and limiting water consumption. Power production from solar PV 
and wind resources, for example, have the least carbon and water intensity but suf-

Figure 3.4. Effect of Emerging Technologies on Carbon and Water Intensity of 
Electricity Sources

Source: Lux Research, 2009. 
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Common themes
•The economy grows fast (3-4% pa)
•Energy demand continues growing (30-35% by 2040)

– In non-OCDE countries

•Electricity grows faster
•Fossils maintain their rule

– Decarbonization is not fast enough
– Increasing role of gas and renewables

•Renewables increase due to technological advances
– But climate goals cannot be achieved

•Geopolitical changes



30 / 31

Some points for discussion
•Many scenarios are plausible

–But demand growth is critical
•Gas vs Coal: Leaks and atmospheric emissions
•Electrification seems the cheaper way
•The role of nuclear
•The role of CCS
•Transport: NatGas vs Biofuels vs Electricity
•Do we need more storage?
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And some additional questions
•How to deal with bridge technologies (and the
associated infrastructure)?

•How to deal with networks (and their fixed
costs)?

•Markets vs Regulation?
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