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Why look at the future?

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

Sir Karl R. Popper

We don’t predict the future, we prepare for it
Pericles (or somebody)
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Many possible futures
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Many studies
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Normative vs Positive
•Where is the energy sector going?

•Where do we want it to go?
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Deep decarbonization
©

 O
EC

D/
IE

A,
 2

01
6

Chapter 2 | Overview 75

2

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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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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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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Renewables, followed by natural gas, are the main winners to 2040

Notes: The ranking of top-five demand regions for renewables excludes the traditional use of solid biomass as it is not 
a sustainable renewable energy source. However, in order to account for total primary energy demand in full, this is 
included in the aggregate number for renewables. OECD Asia = Japan, Korea, Australia and New ealand. Other Asia = 
non-OECD countries in Asia, excluding China and India.
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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

GAS OIL COAL BIOENERGY NUCLEAR SOLAR WIND OTHER

2100
World energy 
system doubles

2015

Source: Shell analysis

40

insight into...
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BP Outlook

© BP p.l.c. 2017 2017 Energy Outlook 
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The gradual transition in the fuel mix continues… 

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

© BP p.l.c. 2017 2017 Energy Outlook 

Key uncertainties: Mobility revolution 

A faster mobility revolution could disrupt oil demand… 
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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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BNEF

• Renewables rule
• Thanks to technological development
• Decentralized in developed countries, centralized in developing ones
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Large differences in building blocks

© BP p.l.c. 2017 2017 Energy Outlook 

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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Key uncertainties: Faster transition pathways 
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Large differences among regions
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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
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Neglected (?) scenarios
•Secular stagnation
•Fossil abundance
•The impact of distributed generation
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Secular stagnation
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Fossil abundance

Not only Carbon Capture

BUT Storage
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Distributed generation
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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
•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?



Thanks for your attention

www.upcomillas.es/personal/pedrol


