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The Energy Outlook 
explores the forces 
shaping the global 
energy transition 
out to 2050 and the 
key uncertainties 
surrounding that 
transition

The Energy Outlook�������	
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�������	
	�����	��
�������	�	�

scenarios are not predictions of what is likely to happen or what bp 
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technologies which are known about today and do not consider the 
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Much of the analysis in the Outlook is focussed around three 

scenarios: Rapid, Net Zero and Business-as-usual����	�
�������	����

uncertainties means that the probability of any one of these scenarios 
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The Energy Outlook is produced to inform bp’s analysis and strategy 
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is only one source among many when considering the future of global 

energy markets and bp considers a wide range of other analysis and 

����

��������	����

������������)�	

���
��	���



5   |   bp Energy Outlook: 2020 edition

4   |

In February of this year, bp 

announced a new purpose – to 

reimagine energy for people and our 

����	����������
���	����������
�	��

by a new ambition, to be a net-zero 

company by 2050 or sooner and to 

�	����	����	���
�������	���	
��

Our new purpose and ambition are 

underpinned by four fundamental 

����	
	������������	�����
	�������

the world is on an unsustainable path 

����������
��������	�����
������������

That energy markets will undergo 

lasting change, shifting towards 

renewable and other forms of zero- 

�
����)��
����	�	
����������	
����

for oil and gas will be increasingly 

�����	��	���*�������"���������	�
����

others, bp can contribute to the 

energy transition that the world wants 

�����		��"������
	��	�����	����������

+��*�����"��	��	���������	����
��	���

in support of this purpose and 

�
��������+��������		�����
�����

�

from an International Oil Company 

focused on producing resources to an 

Integrated Energy Company focused 

����	���	
����������������
������
	
���

.
�
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/����)34�����	
����������������	�

impact on the global economy and 

	�	
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�
�	��"��������������	��	��

our belief in and commitment to our 

��
���	"��
�������������
��	����

That belief and commitment is in 

����
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������������	����	����	�
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��	�������

of the Energy Outlook��+����	���������

try to predict precise future outcomes 

– any attempt to do that is doomed to 

������+���	��"�����	�������������	
������

the many uncertainties ahead – in the 

near and longer term – by considering 

a range of possible pathways the 

	�	
����
���������
������	���	
���	�

�	���6%��	�
���������	�
7��(�������

explores three main scenarios – 

Rapid, Net Zero and Business-as-
usual – which span a wide range 

����������	������
	�������	���
		�

��	��
�������	��	��	���������	�	����

a strategy that we think is robust to 

the uncertainty around the pace and 

����
	������	�	�	
����
���������

Three features are common across 

those scenarios and they form a set 
of core beliefs as to how energy 
demand is likely to change���	
���	�

next three decades: 

� �	�	����	�	�	
����������������
increasingly important role in meeting 
��	���
��7���
������	�	
����		��� 

 Customers will continue to 

	�	8�	�
����������������	��	��	"�
underpinned by the mobility 
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	��

������������������
��

 Oil and gas – while remaining 
needed for decades – will be 
increasingly challenged as society 
shifts away from its reliance on fossil 
fuels

*�������	���
	��	��	����	�������� 
three more about how the energy 
system will change out to 2050: 

 The energy mix will become 

�
	����	
�	"��
��	�����
	��������
by customer choice rather than 

	���
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 Markets will need more integration 
�������

����	������
�
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�	�
supply and will become more 
�������	�������	���
���	�	��
�8	� 
������	�
��	�������
��	��	�������

 Countries, cities and industries will 
increasing want their decarbonized 
energy and mobility needs met 
with bespoke solutions, shifting the 
�	��
	�����
���������	�	
���
�
�	���
towards consumers and away from 
�
��������������
	�
��
����	
��

The Energy Outlook has been tracking 

����������������	��
��	���
�������	�

world’s energy system for the past 

3%��	�
���������	�
7��(�����������
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of the new strategy we announced in 

*�������+����	���������	�������	�	
���	�

else seeking ways to accelerate the 

	�	
����
��������������	������	���	
���

We welcome any feedback on the 

����	������������	������
�
��	�
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Welcome to the 
2020 edition of  
bp’s Energy Outlook
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 Global energy demand continues 
����
��"�����	������
����	
���"��
��	��
������
	�������
���	
���������������
������
��������	�	
	
�������
����
<����8�������	=������	�����	�	
���
consumption and access to energy 
�	
�����

 The structure of energy demand 
������	�����������	���	
���
	>�
�	��������
��	�������������	��"����	��
by an increasing share of renewable 
energy and a growing role for 
	�	��
���������	�	������	�����	
����
core beliefs about how the structure 
���	�	
����	
����
��������	�

 *��
�����������������	
���
����
energy system is likely to lead 
to fundamental restructuring of 
the global energy system, with a 

�
	����	
�	�	�	
���
��"��
	��	
�
consumer choice, more localized 
energy markets, and increasing 

�	�	���������	�
������������
�	��������
These changes underpin core beliefs 
about how the global energy system 
may restructure in a low-carbon 
�
���������

 ?	
������
�������������	
���	��	���
6%��	�
�����	�����	��������	���������
�	����	�����
��	�������	����
	������
	;��	��������	�	��
�8����������
����
�
�����
��������

 The outlook for natural gas is more 
resilient than for oil, underpinned by 
the role of natural gas in supporting 
������
�������	�	�������	����
�	��
as they decarbonized and reduce 
their reliance on coal, and as a 
source of near-zero carbon energy 
when combined with carbon capture 
��	��������
��	�@//A<B��

 �	�	����	�	�	
��"��	��������������
solar power, is the fastest growing 
���
�	����	�	
�����	
���	��	���6%�
�	�
�"������
�	������������8�����
���
	��	������	��	�	���
	������D�����
���	��
	������D��	���������������
�
����������

 The importance of electricity in 
8����	�	
��������
���������
	��	��

��	
��������	
���	��	���6%��	�
���
The carbon intensity of power 
�	�	
������������
�
�	���"��
��	�����

	�	����	�������������
	�
	�����	����
�����

 The intermittency associated with 
the growing use of wind and solar 
���	
�
	��������
�	���������	
	���
technologies and solutions are 
needed to balance the energy 
����	
�����	���
	���	�����������������
8

����	
�

 The use of hydrogen increases as 
��	�	�	
�������	
��
��
	����	���
decarbonizes, carrying energy 
�����������	���������
	���;������
�
����������	�	��
�������	��
������������
hydrogen is dominated by a mix of 
���	������
		�����
��	��

 The importance of bioenergy – 
biofuels, biomethane and biomass 
– increases as consumption shifts 
������
�
����������	���

 The world is on an unsustainable 
������*�
����������������	����������
��
����	
��������������	������
	=��
	�
a series of policy measures, led 
����������8��������
	��	������
����
�
��	�����	�	�������	��
����		�����
be reinforced by shifts in societal 
�	������
�������
	�	
	��	���
Delaying these policies measures 
and societal shifts may lead to 
�����8�����	����
�������������
���
��������

Key messages
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Three scenarios: Rapid, Net Zero and Business-as-usual
Changing nature of global energy system



0

5

10

15

20

25

30

35

40

Net Zero
Rapid

Business-as-usual

205020402030202020102000

Key points

 This year’s Energy Outlook considers 
three main scenarios which explore 
���	
	��������������
���	��������
	�	
�������	
����$%&%�

 The scenarios are not predictions 
of what is likely to happen or what 
������������	��������	�������	
"���	�
scenarios help to illustrate the range 
��������
	���������	���	
���	��	���
thirty years, although the uncertainty 
is substantial and the scenarios 
��������
����	�����
�
	�	����	�
�	��
���������������������	������
	��

� ��	��������
���������<�	��
���
(Rapid) posts a series of policy 

	���
	�"��	������������8�����
increase in carbon prices and 
supported by more-targeted sector 
��	��8��
	���
	�"�����������	�
carbon emissions from energy use 
������������
�����V%\����$%&%��
This fall in emissions is in line with 
scenarios which are consistent 

with limiting the rise in global 
�	
�	
���
	�����$3%%�����	����	����
$)�	�
		��/	����������	��
	)
������
�����	�	����

 The Net Zero Scenario (Net Zero) 
assumes that the policy measures 
embodied in Rapid are both added 
�������
	����
�	����������8�����
��������������	�����	������
�����
preferences, which further 
accelerate the reduction in carbon 
	
���������U��������
����	
��������
�
�
�	�	
�����	�����������	
�4&\�
by 2050, broadly in line with a range 
of scenarios which are consistent 
with limiting temperature rises to 
3�&)�	�
		��/	�������

 The Business-as-usual Scenario 
(BAUB�����
	����������	
�
	���
policies, technologies and social 
�
	�	
	��	���������	����	����	����
��
���	
�������		���		����	
�
��	�
	�	�������_��*�����������������

������
��
	��"����	���
	�����	�������"�
means carbon emissions peak in the 

��)$%$%���?	����	�������	�����"�
little headway is made in terms of 
reducing carbon emissions from 
energy use, with emissions in 2050 
�	��������3%\��	����$%3L��	�	���

 Primary energy demand increases 
����
�����3%\����Rapid and Net 
Zero���	
���	�(���������������
�����
25% in BAU�

Gt of CO
2

CO
2
 emissions from energy use

Three scenarios to explore the energy transition to 2050
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of the Energy Outlook
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� ��	����	
	��	���	��		��
��	���	��
�����
	��
��	�����
����
���������������	
	���
assumptions about economic 
and energy policies and social 
�
	�	
	��	���

� '����Rapid and Net Zero assume 
�������8��������
	��	������
����
prices, which reach $250/tonne of 
CO

2
�@�$%3L��
��	�B������	��	�	���	��

��
������$%&%������3V&����	
	
�����
	����
�	�����������
	��	������
����
�
��	�����	������	�������8�����������
��������	�	
���	;��	����������	�
��	�������	
)��
����	�	
������
�	���
This policy impulse is much smaller 
in BAU, with carbon prices reaching 
������J&������6&��	
�����	����/(

2
 

���$%&%�����	�	���	������	
	
�����
	����
�	��
	��	����	����

 In addition to carbon prices, the 
three scenarios assume a number 
of other policies are enacted to 
��	����������	��
��������	�	
���
consumption and the mix of energy 
���
�	����
�������	
	����	���
�����
��	�	����
�>�������
��@���6J)6VB��
����������@���R%)R3B������
�����
��
@���R$)R4B��

 Net Zero�������	�������	���	�������
there may be economic and political 
limits to the extent to which an 
accelerated energy transition can be 
�
��	�����	���������	
�
	���������	���
It assumes that the impact of these 
policies is accentuated by the 
����������	������
������
	�	
	��	��
of companies and households, 
with greater adoption of circular 
�������
����	����
�	������
	��	��
propensity to switch to low-carbon 
	�	
������
�	��������	���
	�������	�
to the accelerated buildout of low-
carbon technologies and distribution 
�	���
����

� *����
	����������	�	�������	������
shifts in societal preferences, 
there is a decline in the share of 
hydrocarbons (coal, oil and natural 
gas) in the global energy system in 
������
		���	��
�������������
����	��
by a corresponding increase in the 
role of renewable energy as the 
��
������
	��������	�	��
�8	�����	�
����	�����������������
�	�������8�������
across the three scenarios, with the 
share of hydrocarbons in primary 
	�	
����	���������
�
��
�����L&\�
���$%3L�����	��		��V%)$%\����$%&%�
and the share of renewable energy 
���
	����������	��		��$%)J%\�
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 The transition to a lower carbon 
energy system in Rapid leads to 
a fundamental restructuring and 
reshaping of the global energy 
����	
����	
	��
	��	�	
������	
	���
���	���������	�	������	��

� .�
��"���	
	�����������8����������������
from traditional hydrocarbons (oil, 
natural gas and coal) towards non-
���������	��"��	�����
	�	����	�	�	
����
In Rapid, non-fossil fuels account 
��
���	�
���
��������������	�	
���
from the early 2040s onwards, with 
the share of hydrocarbons in global 
	�	
���
�
	����������������	
���	�
�	���6%��	�
��

 Second, the energy mix becomes 
��
�
�
	����	
��8	���.�
�
�������
history, the global energy system 
has tended to be dominated by a 
�����	�	�	
������
�	��.�
���	�8
���
����������	��
	�������	���
�"������
�
����	��
���������	���
��7��	�	
����

*����	��
��
����	����������	����	�"�
oil became the predominant energy 
���
�	����	�	�	
����
������������
Rapid means that for much of 
the next 20 years the global fuel 

��������
�
�
	����	
��8	�������
�
	���������		�"���������"�����
���
gas, renewables and coal (for a 
��
	B������
��������
��	
�������
	��
�����
���	�	
������	��
	��	
���
�	���
of fuels means that the fuel mix 
������
	���������
��	����������
	
�
�����	�
���	
��������	�����������������
fuels, with increasing demands for 
���	�
��������
�������	
	�����	�������
	�	
����	
���	���

� ��������
	��	�����	
	��������������
��	
�
enhanced by the growing importance 
of electricity and hydrogen at the 
8�������������	�	
�����	����Rapid��
These energy carriers are more 
costly to transport than traditional 
hydrocarbons causing energy markets 
����	��
	�
�
	��������	��

� ��	����
	���������	
��8����������
the fuel mix also leads to greater 
��
�	���������
�������	
	�����

��
of energy as they compete for 
market share against a backdrop 
of plateauing energy demand in 
the second half of the Outlook 
in Rapid��!�
	��	
"���	��	������
��������	=�	����	����	������	�
consumption of coal, oil and natural 
gas in Rapid triggers greater 
��
�	���������������������������	��"�
as resource owners compete to 
ensure their energy resources are 
�
����	�����������
	��������
heightened competition increases 
the bargaining power of consumers, 
with economic rents shifting away 
from traditional upstream producers 
����
���	�	
��������
	
���

 Similar trends are also apparent in 
Net Zero, although the pace with 
which the share of renewables 
�
�������	�	������	
�

Key points

Shares of primary energy in Rapid

9��)��
�����
����������	��������������
	�����
shift in the global energy system
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Total greenhouse gases 
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Energy demand

+
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1�	
������	�������	����
����	�	���
	���

Global 
backdrop
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 In terms of the carbon emissions 
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Global GHG emissions Carbon emissions from energy use, 2018

Carbon emissions from energy use are the largest 
source of greenhouse gas emissions 
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Global GDP, 2018-2050
Global GDP growth and
regional contributions

Key points

Global GDP continues to expand, but at a slower rate
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Climate change impact on level of GDP in 2050

The impact from climate change on economic growth 
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Contribution to primary energy 
demand growth Global primary energy demand

Energy demand grows led by increasing prosperity, 
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Impact of Covid-19 in Rapid Alternative case: Greater impact from Covid-19
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The size of the bubbles are proportional to population

 There is a strong link between 
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GDP and electricity consumption
(per head), 2018

Proportion of world population with 
Tier 3* access to electricity or less
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 The strength and composition of 
	�	
����
�������	
���	��	���6%�
years depends importantly on how 
that energy is used across the main 
�	���
�������	�	����
��

 The industrial sector (excluding 
the non-combusted use of fuels) 
consumed around 45% of global 
	�	
������$%3L"��������	����)
combusted use of fuels accounting 
��
���������������&\��
�������	�
remainder was used within 
residential and commercial buildings 
@$4\B������
�����
��@$3\B�

 The outlook for primary energy 
also depends on the form in which 
�����	�	
��������	�������	�8����
��������������
�������+����
������
"�
although it is possible to decarbonize 
the production of electricity and 
���
��	�"���	��
	=��
	�������	
���	�

amounts of primary energy to 
�
����	��*������"����
	��������	���	�
of these forms of energy carriers 
�	��������������
�
�
��	�	
����

 In Rapid, the growth in primary 
energy used in all three sectors 
������
	�����	������	������$%�
�	�
���������	�	�	
���������
����
pronounced in the industrial and 
buildings sectors, with the use of 
primary energy in both sectors falling 
�����	��	���������������	�(��������
In contrast, primary energy used 
in transport increases throughout 
the Outlook – accounting for nearly 
J%\������	����������
	��	�����
�
�
��
energy in Rapid – boosted by 
greater switching to electricity and 
���
��	�����������
��	�������	�
used either directly or combined 
with carbon or nitrogen to make it 
	���	
�����
�����
���

 The use of electricity and hydrogen 
	���������	�	��
�
	����Net Zero, 
��
������
�������
�����
������������
���
*����
	����"�	�	�����������	����	�
������	
������	;��	�������������
both sectors is faster than in Rapid, 
the increase in primary energy is 
��
	������
	��	
���
�
�
��	�	
���
used in buildings by 2050 is largely 
�������	���
�
�������

	����	�	���

 In contrast, the use of primary 
energy increases materially in 
all three sectors in BAU, albeit 
�����8�����������	
�����������	������
$%��	�
���������	�	�	
���������
����
marked in industry and transport, 
with energy use in buildings 
and the non-combusted sector 
together accounting for around half 
of the increase in primary energy 
�����
������
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Primary energy consumption by end-use sector Annual demand growth and sector contributions

Energy consumption grows across all sectors of the economy, 
although slower than in the past
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 Industrial energy demand in both 
Rapid and Net Zero����
	�����	���
������	
���	�(������"���
�	�	��
������
	������	;��	����������
in industrial processes and an 
	��������������	���
����
�	����
���
Industrial demand in BAU increases 
����
�����3&\�@%�&\�����B����$%&%"�
��������������8�����������	
��
�����
�������	������$%��	�
��

 The increasing role of the circular 
economy in Rapid and Net Zero 
limits the growth in industrial output, 
as materials such as steel, aluminium 
and plastics are used less and are 
���
	������
	��	������
	����	���
/�
���	����������
	��������	;��	���
industrial processes, energy used 
�����	�8������������������
���������
the industrial sector falls by around 
3&\����$%&%����Rapid and by 25% 
in Net Zero����	�	��������
	����	��

by the increasing use of electricity 
and hydrogen, especially in Net 
Zero, which boosts the demand for 
the primary energy used in their 
�
���������

 The growth of industrial energy 
demand in all three scenarios is 
concentrated in the emerging world 
(outside of China) – especially, India, 
(��	
�*��������*�
����D����	�	
��)�
���������
)���	����	�������
����
��������	���
	����
	��������
	�����	��
�
�
���	��	�	���	����
�������/�����
������	
)�����	����
�	���

 The use of coal within industry falls 
���
�������������
		���	��
�����+��BAU, 
the increased demand for energy 
is more than met by the growing 
use of gas and electricity, with coal 
consumption falling by around a 
���
�����	��	
��	�����������	����
industry is much more pronounced 
in Rapid and Net Zero where it is 
almost entirely eliminated in both 
scenarios by 2050, replaced by 
an increasing share of electricity, 
���
�����������
��	�����	�������
towards low-carbon energy sources 
is most pronounced in Net Zero, 
such that the use of gas (and oil) 
����������������������������$%&%��+��
contrast, the use of gas in industry in 
Rapid�����
�������������	����	
���	�
(�������
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Primary energy demand in industry
��������	�
��
������������������� 
in industry by energy carrier

��	���	����	�	
����������������
�������������
����	�	�������
economies and lower-carbon energy
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 The non-combusted use of fuels 
– predominantly as feedstocks 
for petrochemicals, bitumen and 
fertilizers – is an important source of 
incremental demand for fossil fuels, 
although less than in the past 20 
�	�
�����	���
��
	������
	���
	��
���
	��	�

 The non-combusted use of fuels 
(oil, natural gas and coal) grows at 
�����	
��	�
��	����3�3\���������BAU, 
�	���������������	�
��	��		����	
�
��	������$%��	�
��@$�V\�����B�������
�	�	�	
��������
�	���
	�	������������
�����������
	��	���	��	�	�����
	��������
– recycling rates roughly double from 
��

	����	�	�������
�������	����
�����
2050 – and encourage a shift away 
from the use of some manufactured 
products, such as single-use plastics 
�����	
�����	
��

� ��	�	����������
	��
	��������	���8	��
in Rapid and Net Zero, with 
increased use of chemical recycling 
and a focus on reducing the demand 
for some products and increasing 
��	�
	��	�������	
���*����
	����"���	�
growth of non-combusted fuels 
in Rapid�@%�&\�����B�����������������
BAU, with use gradually declining in 
��	�$%R%���+��Net Zero, the use of 
non-combusted fuels peaks around 
3%)�	�
��	�
��	
��������$%&%����
�
�����$&\��	������

	����	�	����

 Oil accounts for almost two-thirds of 
the growth in non-combusted fuels 
out to 2050 in BAU and around half 
in Rapid"��
��	�������
�	���
�������	�
�
�������������������������8�
	�����	�
actions to reduce, reuse and recycle 
���������
	�����������	��	�	���������
used in the production of plastics by 
2050 is around 3 Mb/d lower in BAU 
����J�!�������Rapid�
	�����	�������
extrapolation of past trends linked to 
��	��
��������	����
����������������
�
���	
�������	�	��
	�����
	�	�	��
more pronounced in Net Zero, with 
oil demand by 2050 2 Mb/d below 
��

	����	�	�������3%�!�����	�������
	��
�������������������
	����
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The non-combusted use of fuels continues to grow, 
but at much reduced rates 
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Buildings

 The growth of energy absorbed 
by the buildings sector emanates 
	���
	����
�
���	��	�	���������
��"�
����
�
�������	����������������
������
����������	���	�������	�����
��
������
	��	
���
��
���

 In Rapid and Net Zero"��������8�����
expansion of energy use in buildings 
����	�	�������*��������*�
����D�
������	�������
	������	�
����
�����8��������
	��	������
���	
����D�
����
���������	�����������������������
�����	��	�	���	����
������	;��	����
in new and existing buildings stock 
�
�
��	�"��
��	�����
	���������"�
carbon prices and consumer 
�
	�	
	��	���*����
	����"���	
����
	�	
�����	�����������������
	�����	���
�����	������	����	
���	�(����������
both Rapid�@%�$\�����B�����Net Zero 
@%�3\�����B��

� ��	�	;��	�����������
	��	���
pronounced in BAU, with energy 
consumed in the buildings sector 
�
�����������
����R%\�@3�%\�����B�
by 2050, accounting for around 40% 
�����	���	
�������
	��	�����
�
�
��
	�	
����

 Electricity consumption increases 
materially in all three scenarios, 
�
��	�������	��
	��	
���	�������������
and electrical appliances (including 
��
�����	��������B�����������������
���
���
	��	�

 The increasing use of electricity 
crowds out the demand for oil, gas 
and coal which lose share in all three 
��	��
�������	�������������
�
�
these traditional energies is most 
pronounced in Rapid and Net Zero, 
in which the use of oil in buildings is 
largely phased out by 2050, and the 
demand for gas in buildings falls by 
around 50% in Rapid�������	
�4%\�
in Net Zero�
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Primary energy demand in buildings
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in buildings by energy carrier
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 The demand for passenger and 
commercial transportation increases 
��
��������	
���	�(������"������
����
������
��
��	��������������������
		�
��	��
�������	��
��������8����	�	
���

	=��
	�������	����������
	��	��
�
��	��������	����������8�����������
����	����	�	;��	���"�	��	����������
����	��	
���
�"��
������������������

� ��	����������	�	
���	;��	�����
	�
partially disguised by a shift away 
from oil towards the increasing 
use of electricity and hydrogen 
����
�����
���+����
������
"���	�
����	
������
��	�����	������
����	�
these energy carriers boosts the 
total amount of primary energy 
����
�	�������	��
�����
���	���
��
The shift towards electricity and 
hydrogen is most pronounced in 
Rapid and Net Zero"���	
	���	
����
primary energy increases by around 

$&\�����6&\�
	��	����	������
$%&%���
�
�
��	�	
�������
�����
��
increases by almost 25% in 
BAU, with slower gains in energy 
	;��	�������	��������
���	
�������
������
�
�����

 The growth in primary energy used 
in transport in all three scenarios 
��	
��	���
	����
�
���	��	�	�������
world, as increasing prosperity 
����	�	�������*���"�*�
��������
9�����*
	
���������
����
	��	
�
demand for passenger and freight 
�
�����
��������1�	
�����	����
�
�����
�������	��	�	���	����
������
�
����������

 The use of oil in transport peaks in 
the mid-to-late 2020s in all three 
scenarios: the demand for oil for 
road transport in emerging markets 
continues to increase until the early 
2030s in Rapid and Net Zero, and 
the late 2030s in BAU, but this is 
���
	�����������	����������������	�
�	�	���	����
���

� ��	����
	�����������������8����
�����
�������������
�
���	
�4%\����
�
�����
���	
�������$%3L�����
�����
L%\����$%&%����BAU, 40% in Rapid 
���������$%\����Net Zero����	�
����
counterpart is the increasing use of 
electricity, especially in passenger 
cars and light and medium-duty 
trucks, along with hydrogen, biofuels 
�����������	����
	����	�	��
������
in end energy use in transport 
increases to between 30% and 40% 
by 2050 in Rapid and Net Zero�
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Primary energy demand in transport
�������	�
��
������������������� 
in transport by energy carrier

The growth of energy used in transportation slows, 
with oil peaking in mid-to-late 2020s
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 The outlook for energy use in road 
�
�����
�������
����	���������
���
�
�
	���>����
	������	�	��
�8�����������
�
�
�������	����	�	;��	�����

� ��	�	�	��
�8������������	��	����	�
parc is most pronounced in Rapid 
and Net Zero, concentrated in two 
and three wheelers, passenger cars 
��������������
	���
)������
������
1�	��
����	����	�����Rapid and Net 
Zero account for around 30% of 
���
)��		�	���	����	�����
	�
	��
@�X!B��
��	��	�����
��������$%6&�
�����	��		��V%)L%\����$%&%"�
��
��
	��������	��������3\����
$%3L����	���

	������������
	�����
BAU��
	��������	���	
�3%\����$%6&�
�����
�����6%\����$%&%��

� '��$%&%"�	�	��
����	����	����������
��
��	��		��L%)L&\������	�������
of passenger cars in Rapid and 
Net Zero and 35% in BAU����	�
corresponding numbers for light and 

	���
)������
������
	�V%)L%\�
����$%\��

� ��	����	
���
�������
	�����	������
the use of energy in road transport 
�����	����
	�������	�	�������	����	�
	;��	���"�	��	�����������	��	
�
��
�"��
��	����������	������	����	�
emission standards and rising 
carbon prices which are largely 
borne by consumers in the form of 
����	
��������	�������	�	���
��	���+��
Rapid"���	�	;��	������������������	��
internal combustion engine (ICE) 
passenger car increases by around 
R&\���	
���	��	���3&��	�
���

 Despite the accelerated 
	�	��
�8��������������	��	
���
�"�
the continuing importance of ICE 
passenger cars for much of the 
(�������
	����������
�
��	
	����
�����	�
�	;��	���������	�
���������
�
limiting the growth of oil used in 
����	��	
���
���������$%&%�

� �	����	�	;��	�����
�
��	
	�������
Rapid reduce oil use in passenger 
cars (and hence carbon emissions) 
by roughly twice as much as 
	�	��
�8����������$%&%�
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Share of car and truck vehicle
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���

Factors impacting passenger 
car liquid fuels demand

Energy use in road transport is dominated by 
	�	��
�8������������	����	�	;��	����
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 The composition of road 
�
�����
���������
�������	
	���

��	������
�����
�"�	�����
����	���
�"�
�����"����	��	��"������	��	���������
�����8������
	������	
���	�(������>�
���
	�������	�	�������
���	
��������
the falling cost of shared-mobility 
�
�����
���	
���	���'�����
	�������	�
important implications for the pace 
and extent to which the transport 
�	���
�����	��
�����	��

� ��	����
	�������	�	�������
���	
����
�����������������
������	
	
�����
economies leads to a shift away 
from high-occupancy forms of 
�
�����
��@	�������	�B����������	��	
�
��
���������	���������
	�����������
��	
��	�����������
��@��	����	
��	�
��
�	
��������	��	
���	
��	����	B"�
putting upward pressure on carbon 
	
��������

� ��	�
	�����	������������
	��
��������
�	
���	�������������
	����������
���	����

�����
�"����������������������������	��
in digital technologies such as 
�
�
����������	�������������	���������
�	��������	���+����������"���������
������	��	����	�����
��	���
������
systems and the emergence of fully 
������
�����	����	��@*��B��
�
���	�
early 2030s in Rapid and Net Zero, 
�����8�������
	���������	���������
���
	�)
���������	
���	�"�	��	����������
�	�	���	��	����
�	����	
	���	
��	�
����
	��	�	����
	�����	
����	���������

	�����	���������������
�������
	�)

���������	
���	��@
��������B��	����
�����������������
�
��
����	)���	��
�	����	������	���������	���

� ��	������
���
�������
����������
	�
	�	��
������������
		���	��
����������

	�	������	���������
�=��������	�	8���
and lower running costs of electric 
��
��
	�����	�����
����������@���	
����
��
��������	����	B��1�	��
���

����������
����	��������8����������
��������	����	����	����	���������

��	�D�������4)��
	���
	��	
������
�
����	���
�����$%&%����	��
������
penetration of robotaxis, combined 
with their intensity of use, means 
that by 2035 they account for around 
40% of passenger VKM powered 
by electricity in Rapid and Net Zero 
and around 20% in BAU����������
	�
�	����	�������	�8����3%)�	�
���
����
of the Outlook in Rapid and Net Zero 
�����	����
	�����
����	����	
��������
	�	��
�����
�����
	��	��

 The potential for robotaxis to help 
decarbonize road transportation by 
increasing the share of passenger car 
VKM powered by electricity means 
��	���
	������
�	��������	
�
	���
policies, such as higher road pricing 
��������	���������
�	����
��
����	�
�	����	�"���
������
������Rapid and Net 
Zero����	��
��
����	����
������������
also supported in Net Zero by a shift 
in societal attitudes towards a sharing 
	����
��
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Change in share of road passenger VKM,
2020-2050

Robotaxi share of passenger car VKM
powered by electricity

The pattern of road transportation changes led by 
increasing prosperity and growth of robotaxis 
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� *������������
�
��	��
�����
��
accounted for around 7 Mb/d and 
&�!����������������
���������$%3L�

	��	����	����?	
������
���	�	�
�	
���	�����
	��	����	
���	�(�������
in both Rapid and BAU: growth 
����������������
��	��������
	��	��
�	�	�������
��	���������	������������
��
)�
��	��������	
����	������
������
prosperity, especially in emerging 
	����
�	���+��Net Zero, the growth 
�����
��
��	�����$%&%�����
�����3%\�
lower than in BAU"�
	�	�����������
��
a shift in societal preferences to 
��	�����)��		��
�������������	
�����	�
�����
��
��	�����/���������
�������
��	�(1/?��<�
���
��"����
	������
preference for the consumption 
of locally-produced goods and 
reduction in oil trade in Net Zero 
contributes to reduced shipping 
demand by around a third by 2050 

	�����	����BAU�

 In Rapid"���=������	
�����
�
�
���������
	
�����
	�����	��������	����
�
�����V�!������	
���	����
�	����
��	�(������"����	;��	�����
�
��	��
����
�����6&\"���
�	������	������
������������	
������
���
��
��	���+��
Net Zero"���	�	�	;��	������������
�����
	���	�����	���	���
�������
�����
	�
�
�	���
	������=�����
�	
�����
�
�����������	�������
the early 2030s and declines to a 
�����	��	����$%3L��	�	������$%&%��+��
����
���"���=������	
�����������	��
to grow throughout the Outlook in 
BAU"�
	�������3%�!�������$%&%��

� '����	�����������
�������
��	����
�	��
�����������	�����������	���
"�
since neither batteries nor hydrogen 
�
	����	�����	���	
���	��	�	���
��
	�	
����	������
	=��
	����
�����������
��	����
	���������	�������	�)��	��
���
	��	���
�
��	��������3\����$%3L�
to around 30% by 2050 in Rapid 

��������	�
���J%\����Net Zero��+��
contrast, there is minimal growth in 
the share of biofuels in BAU��

� A����	���������"���	���	��
��������	�
����������	���
�������	�������	
�����
into hydrogen (either as ammonia 
�
������=������

B�����9QU"�����	���
��������	����+��Rapid and Net Zero, 
non-fossil fuels account for 40% 
����L&\����
�
��	��
�����
����	�����
$%&%�
	��	����	��"������
�
	������
���������������
�����
�
����
��	���
/���	
�	��"����	
�BAU, marine 
demand for oil increases slightly by 
2050, with natural gas increasing 
its share of the sector fuel mix to 
��������	
�3&\��������)���������	���
�������������
������3\�

Key points
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Fuel mix across key countries and regions

Global energy trade and energy imbalances

Alternative scenario: Deglobalization
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 Growth in global energy demand 
���������
		���	��
��������
��	��
entirely by emerging economies, 
underpinned by increasing 
�
���	
���������
�
���������	���
���	�	
����1�	
��������
������
�����	��	�	���	����
������������
�
�
��	
	�������	�	
���	;��	����
outweigh demands from higher 
�	�	���������������

 The contrasting energy trends 
����	�	���	������	
	
�����
economies lead to a continuing shift 
�����	��	��
	�����
���������	�	
���
consumption, with the emerging 
world accounting for around 70% of 
energy demand by 2050 in all three 
scenarios, up from around 50% as 

	�	��������$%%L��

 Growth of energy consumption in 
the emerging economies is led by 
+���������(��	
�*���"����������	��	
�
account for more than the entire 
increase in primary energy in Rapid 
and Net Zero�������
����J%\����
BAU��+����������	���
�	������
�	����
demand growth out to 2050 in all 
��
		���	��
�����

 Growth in China’s energy demand 
���������
����
	�����	����������
	���"�
reaching a peak in the early 2030s in 
������
		���	��
�����+��		�"�/����7��
energy demand in Rapid and Net 
Zero����$%&%�������������	����$%3L�
�	�	��"��	��	��������	�	
������
���������	�	
���	;��	����������
continuing shift in the structure of 
the economy away from energy-
���	����	�������
�	���?	����	�����"�
China remains the largest market 

for energy in all three scenarios, 
�������������
���	
�$%\������	�
world’s energy demand in 2050, 
��
��������	���������+������

� *�
���7������
������������	
����
growth increases in the second 
half of the Outlook, supported by 
a growing population and rising 
�
���	
�����1�	����"�*�
���7��	�	
���
�����
������
	
������
����
	�����	�
����������	>�����������
�������=��
�	
�
of the world’s population are 
�
��	��	��������	����*�
�������$%&%"�
��������������
��	��������3%\����
total energy demand in all three 
��	��
����
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Primary energy consumption by region
Primary energy growth 
and regional contributions

Growth in global energy demand comes 
entirely from emerging economies
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����	
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contrasting trends in energy 
�	
��������	�	���	������	
	
�����
	����
�	���
	���	������8�����
���	
	��	�������	��	�	�����	�	
���
�����
�������	
��������

� +��$%3L"���	
��	�	�	
���
consumption per capita in the 
�	�	���	����
�������
�
	������
three times that in emerging 
	����
�	�"�����������	
��	��	
����
�����	�A<������
����3$���
	��
�
	�
	�	
�������������	
��	��	
�������
+�����

� ��	�	����	
	��	�����	�	
���
�����
��������
�	���
	�	���
���	
	��	�����	����
���
�	�	���
	��������
���	
���"�����	���
as a range of other factors, including 
economic structure, local climatic 
������������������	
	��	���������
���

	���
�	�	����
	����

� ��	��	�
		�����������	=�������
��

������	
���	�(������"�
	�	������
both the sustained increases in 
	����
�����������������
���	
�������
the emerging world and the marked 
falls in energy consumption per 
�����������	�	���	��	����
�	�>�
US energy consumption per capita 
���������R%\���	
���	�(����������
Rapid��1�	����"����$%&%"���	
��	�
energy consumption per capita in 
��	��	�	���	����
������Rapid is still 
more than twice that in emerging 
	����
�	���<�
���
�����	
�	��	����
energy consumption per head is also 
apparent in Net Zero and BAU�

� ��	�	����	
	��	�������	���

	���
�	�	������	�	
��������
������
�	��		���	�	���	������	
	
�����
	����
�	���
	������
	�	��	�����
��	
��	���
����	
���������	
�
������"����	���������
������������	�
���	
���	
��	���
�������	���������
��	���	��
��������	��	�	���	����
���

	�����	����	
	
�����	����
�	��

� ��	����	
	�����������
����	
��������
per capita narrows markedly by 
the end of the Outlook in Rapid��
����������
����	���
	����
��	�������	�
narrowing in energy consumption 
per capita, with the degree of 
�
�
��	
	��������	���	
��	���
����
intensity of the fuel mix broadly 
��
���
�����	�	���	������	
	
�����
	����
�	��

Regions
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� *���	���������	
	��	�������	�
pattern of energy demand growth 
��
�����	�	�����������	
	
�����
economies, the nature of the energy 
�
���������������	�	���������
��������
�����	���	��
���������	
	�����
������
��	���
���

� ��	
	��
	�
�
�	�����	
	��	�����
the current mix of energy used 
across countries and regions, as 
illustrated, for example, by the 
��
������
��
����	�������	
	���
energy sources in US, EU, China 
����+��������	�	����	
	��	��
	�	���
numerous factors including the 
�	�	�����	����
����	�	���
	�������
��	�����������������������������	
	���
	�	
������
�	��

 The current fuel mix in the US 
����1A����	���
	���
���
���	�"�
with oil and gas accounting for the 

���
�������	�	
���������	�"�����
���������
	�	����	�	�	
����������

�����8��������
���	
����
	��������
contrasts with China and India, 
where coal currently accounts for 
�	��		��&&)J%\�����
�
�
��	�	
���

 The transition to a lower-carbon 
energy system in Rapid�����
��	�����
�	�	
�����

����
	�����������	���
������
����������	
�	��	������	���	��

�����
�����������
������
�	��

� !���������8����������	��
������
��
�	�����	�	������
	�	����	�
energy, which combined with its 
���	��
	����������������������	�
���
	������	�	��
�8������������	�
energy system, leads renewable 
energy to be the single largest 
energy source in all four countries in 
Rapid����$%&%"��
���������	��		��
R&)&&\����	�	
���������	��

 The growth in renewables (including 
bioenergy) is part of a broader trend 
towards a lower carbon fuel mix, 

supported by higher carbon prices 
�������	
�������	����������������������

	�	��	�������
��	�������
�
���	�
use of coal, which is substantially 
reduced in China and India in Rapid 
by 2050, and entirely phased-out in 
��	�A<�����1A��

� ��	�	��
	����������	����
��	���
����	
�	��	������	�
��	��������
���
gas, with its share declining in US 
and EU, and increasing in China and 
India, such that by 2050 it accounts 
��
��	��		��3&)$&\����	�	
����������
���
������
�	���

� *���
���
��	�
		��������	
�	��	����
also apparent in Net Zero��*��������
��	���
	�=���������	��
	�����
	�
apparent in BAU, the more limited 
progress made in phasing out 
coal use in China and India means 
��	��	�
		��������	
�	��	����
������	
������	���

Regions
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in the fuel mix across countries 
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 The global energy system is 
highly interconnected, with huge 
���	
������������������
��	��	�	
����
+��$%3L"���
������
		)=��
�	
�����
global oil production was traded 
���	
����������������
�������=��
�	
�
�������
�������

� ��	�	��
��	�������
	���������	��
with large energy imbalances 
@��
����	�������	8����B���������
�	��
with large resource endowments 
export energy to countries with less 
����
���	�	
���
	���
�	���

� .�
�	��
��	"����$%3L"�/�����
imported around 70% of the oil it 
�����
	�������������	���	
�R%\����
��������
����������	���

	���������
��
�	
����
�+������	
	��������	�����	�
L%\�����&%\�

� ��	�	��������������	8��������/�����
and India persist in Rapid, although 
�����
������	�
		���/����7��
combined net imports of oil and gas 
decline slightly by 2050, helped by 
a 50% fall in Chinese oil demand 
@�		����JJ)JVB��+������
���"�+����7��
combined oil and gas imports more 
����������	����$%&%"��
��	�������
��
by increased coal-to-gas switching 
which leads to a marked deepening 
in India’s dependence on imported 
9QU�

 On the other side of the trade 
balance, exports of oil and gas 
��	
���	�(��������������	�����	�
dominated by the Middle East and 
�������

 The expansion in US oil and gas 
production associated with the shale 

	��������"����	��	
��������������

domestic consumption, means the 
US becomes a sizeable net exporter 
of oil and especially gas in Rapid��
US exports of oil and gas peak in 
the 2030s before gradually declining 
as production of US tight oil and 
������	��������QU9�������������@�		�
���V%)V3B��

 The disruptions associated with 
/����)34"����	��	
��������	����
	��	�
in trade disputes and sanctions in 
recent years, may lead to rising 
concerns about energy security, 
particularly in countries which are 
��������	�	��	������	�	
����
��
����

 The potential impact of a shift 
towards deglobalization and 
increased concerns about energy 
security on the global energy system 
���	����
	�������	��	������	��
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Net import and exports of oil and gas by region in Rapid
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 The disruptions associated with 
/����)34�
����	���������
��	������
deglobalization, as countries seek to 
increase their resilience by becoming 
less dependent on imported goods 
�����	
���	�"�������
����	��

	���
	��	
�������������	������
��	�
������������������	
������
	��(�	�
manifestation of these trends is that 
concerns about energy security may 
increase, particularly in countries 
which are highly dependent on 
	�	
����
��
����

 The impact of these possible 
changes on Rapid is explored in an 
���	
�����	�Deglobalization case in 
which:

 the reduced openness of the 
global economy is assumed to 
�	���������������
	��������@%�$�
percentage points) in trend global 
U?���
���������

 increased concerns about energy 
security lead countries to attach 
���
����
�����
	
��
�@3%\B����
�
��
�	�����
�	�����	�	
����

 The slower trend GDP growth 

	�����������	��	�	�������
���U?��
���$%&%��	����J\����	
����
Deglobalization than in Rapid and 
energy demand around 5% lower, 
with those falls concentrated in 
countries and regions most exposed 
���
	���	����
	�����
��	�

 The risk premia on imported energy 
means that the fall in energy is 
concentrated in traded fuels, 
especially in oil and natural gas 
���	����	�
	�����	��������	�	����������
consumption remaining towards the 
end of the Outlook in Rapid����	�	�
falls lead to a pronounced narrowing 
���	�	
����	8�����������
����	��
�
�������	���
����.�
�	��
��	"�
China’s net imports of oil and gas in 
Deglobalization are 30% lower than 
in Rapid����$%&%��9��	���	"�A<��	��
exports of oil and gas are around 
&%\����	
����$%&%��

� ��	����������
��	�����������	���
	�����	�
to domestically produced energy, 
especially renewable energy,  
means that the carbon-intensity  
of the global fuel mix by 2050 is  
slightly lower in Deglobalization  
than in Rapid�

Deglobalization versus Rapid :
Global GDP and energy in 2050 Net exports of oil and gas in 2050

/����)34�
����	�������	���������������������
	��	��
concerns about energy security
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 The growth in primary energy 
��	
���	�(������������
����	�����
renewable energy, as the world 
shifts towards lower-carbon energy 
���
�	��

� �	�	����	�	�	
���D���������������"�
solar, geothermal and bioenergy but 
excluding hydroelectricity (see pp 
LR)LVB�D����
	��	��
�
	������3%)�����
in both Rapid and Net Zero, with its 
share in primary energy rising from 
&\����$%3L������	
�R%\����$%&%����
Rapid�������
����J%\����Net Zero��
*����������	��
��������
	�	����	��
is less pronounced in BAU, they 
����������������
��
�����4%\������	�
��	
�������
	��	�����
�
�
��	�	
���
��	
���	��	���6%��	�
��@���LR)L&B��

 The increasing importance of 
renewable energy comes at the 
expense of hydrocarbons whose 
share of primary energy declines 
�
�
�����	����L&\����$%3L�����
�����
40% by 2050 in Rapid and 20% in 
Net Zero��

 Within hydrocarbons, natural gas 
has the most durable outlook, with 
�����	�	�����Rapid in 2050 broadly 
�������	���
�
�������

	����	�	��
and around 35% higher in BAU��
Consumption of natural gas falls by 
around 40% by 2050 in Net Zero  
@���VJ)VVB��

� ��	��	�	����������	
������������
Rapid and Net Zero does not fully 

	���	
��
�
���	����
���
�������	��
���/����)34"�������	
���������������
around 50% by 2050 in Rapid and 
��
����L%\����Net Zero����	���������
for oil is more resilient in BAU, with 
demand in 2050 declining slightly 
�
�
�������

	����	�	��@���JJ)JVB��

 Coal consumption declines 
�����8����������������
		���	��
���"�
particularly in Rapid and Net Zero in 
�������������������	�����	
�L%\����
$%&%�@���LL)L4B�

 The way in which the pronounced 
falls in the demand for oil, natural 
gas and coal in Net Zero are matched 
on the supply side by the countries 
and regions which produce these 
��

�����	�	
�������	
�����	
�����
and not explored in detail in this 
�	������
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as oil demand peaks and supplies 
������

� ��	��	
������
���=������	������Rapid 
and Net Zero��	�	
�������
	���	
��
�
�
���	����������	�����/����)34"�
implying that oil demand peaked in 
$%34�����������	��
�����

� ��	������
�����������=������	���������
�����8���������	
���	�(���������������
scenarios, declining to less than 55 
Mb/d and around 30 Mb/d in Rapid 
and Net Zero�
	��	����	������$%&%��
The falling demand is concentrated 
�����	��	�	���	����
�������/����"�
with consumption in India, Other 
*��������*�
�����
������������	
���	�
Outlook as a whole in Rapid, but 
���������	����$%3L��	�	����
�
���	�
mid-2030s onwards in Net Zero��

� +������
���"����	
�
	���	
�����
�
���	�
�
��������/����)34"���	������
������
�����=������	������BAU�����
����������
����
�����3%%�!������
���	��	���
20 years, before edging lower to 
�
�����4&�!�������$%&%��?	
����
��
���=������	����������	������
������
+����"�(��	
�*��������*�
���"����	��
by the trend decline in consumption 
����	�	���	��	����
�	��

 Despite the weakness in oil demand, 
US tight oil* in Rapid�
	���	
��
�
�
���	��
��������/����)34�����
expands until the early 2030s, with 
this increase in output more than 
���	��������������(�1/��
����������
Thereafter, OPEC production broadly 
stabilizes as declines in global 
demand are broadly matched by 
falls in US tight oil and other non-
(�1/�������	���'��$%&%"����)(�1/�
supplies account for around two-
���
��������	��������	����	������=�����
supply in Rapid��

� A<�����������������
������	
���	�
�	���3%��	�
���
�������BAU����	�����
�	��������(�1/��
����������?	����	��
in US tight oil and other non-OPEC 
output from the mid-2030s onwards 
�
����	������	���
�(�1/�������
	��	�
its production despite the backdrop 
����
���������	���������	
�����'��
$%&%"���	��	�	�����(�1/��
���������
in BAU is broadly unchanged from 
�����	�	�����$%3L�
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is dominated by the impact of 
/����)34������	��	�
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their declining use in the transport 
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�����

� U��������=������	
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��	��
������������8���������	��	��
�����	��
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disproportionately impacts economic 
��������������
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�����
economies which are the main 
�
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�
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���=������	����
��	�	��	
�	��	������
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��������
triggers some lasting changes in 
�	������
"�	��	����������
	��	��
��
������
�
���
	�@�		����$L)$4B�

� 9�=������	
�������Rapid and Net 
Zero does not fully rebound from 
this near-term hit to demand and 
����	=�	���������������������������	
�
the Outlook to around 55 Mb/d and 
6%�!�������$%&%�
	��	����	����

 The scale and pace of these falls are 
�
��	���
�
�
���������	������������	�
�����=������	��������	��
�����
���	���
"�
which declines sharply in the second 
half of the Outlook in both Rapid and 
Net Zero"��
��	�������	����
	������
	;��	��������	�	��
�8����������
����
�
�����
�������@�		����RR)RVB����	�
transport sector accounts for around 
two-thirds of the decline in the use 
�����=������	������$%&%����Rapid and 
��
����J%\����Net Zero��

� ��	����	�����	����	������=�����
demand in the second half of the 
Outlook – during which it falls by an 
��	
��	������	
�$�!�����	
�����
�
in Rapid and 3 Mb/d in Net Zero – is 
���
	�	�	��	���������������8�����
implications for other parts of the oil 
������
�"�����������
	8�����@�		����
VR)V&B��

� 9�=�������	���	
�������BAU is more 
resilient, with broadly stable use in 
transport helping to support global 
�	
��������
�����3%%�!������
�
much of the next 20 years, before it 
	��	�����	
������	�8����3%��	�
�����
��	�(������������	���	������=������	���
��������
�����
���	���������	����	��

� ��	����)��
����	����	������=����
fuels, largely as a feedstock in the 
�	�
���	
�������	���
"��
����	��
��
	��	�
		���������
�������	
����
��=������	
���"����
	��������������
Rapid and BAU, and declining below 
$%3L��	�	�������������	�8����3%��	�
��
of the Outlook in Net Zero�
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� ��	���
���������������������=�����
supply is initially dominated by a 
rebound in US tight oil, with OPEC’s 
���
	�����
���������
	���	
���������	�
�	���������������	�(�������

 In Rapid"�A<�����������
	���	
���
�
�
the falls caused by the impact of 
/����)34"����
	�������������	����3&�
!���������	�	�
���$%6%���'
��������
�
���������������
������	
���	�
��
	��	
�����'������A<�������
formations mature and OPEC adopts 
��
�
	���
�	�����	���
��	�����������
a backdrop of accelerating declines 
in demand, US production and non-
OPEC output more generally fall 
�
�
���	�	�
���$%6%������
����

� (�1/��
����������	����	����	
���	�
�	���3%��	�
���
�����	��
	��
������
stabilizing thereafter, with its share 
�����������=������
���������
	���	
����
from a low of close to 25% in the 

	�
���$%6%������
�����R&\����$%&%��
The higher cost structure of non-
OPEC production means around 
���)���
��������	�����������������=�����
production in Rapid by 2050 is borne 
������)(�1/�������	���

 Non-OPEC supplies follow a similar 
pattern in BAU"�	��������������	�8
���
half of the Outlook, led by increases 
���A<���������������'
����"��	��
	�
declining in the second half as US 
�����������	���������	�	�
���$%6%���
�����
	���������
����	������	���
�
OPEC to increase its production 
from the mid-2030s onwards, with 
�����	�	���������������$%&%������
����	����$%3L��	�	�����������
�
�	��
���
	�
�����������	
�R%\��

� *���	�����	���	
�����	
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fuels falling, the transition to a lower-
carbon energy mix also prompts 
�������������	���
��������������=����
��	����+��Rapid"���	���	
�����	����	�
�����=��������������	
���	�(����������
more than accounted for by a sharp 
fall in crude and condensates, while 
the production of biofuels increases 
�����	
�$�!�����<�
���
��"����������
��������=���������������$%&%����BAU is 
�����������������	
������$%3L��	�	��"�
this is more than accounted for by a 
larger fall in crude and condensates, 
��
����������	������
������������	��
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���������=�����@QU9�B�����
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 The carbon emissions associated 
with the production and 
transportation of crude oil and 
condensates accounted for around 
5% of total carbon emissions from 
	�	
�����	����$%3&�

� ��	
	�����������8�������
����������
these operational emissions – 
measured by the carbon intensity 
of crude supplies – across (and 
������B����	
	��������
�	�"�
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���	
	��	�������	�����
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hence on the pattern of aggregate 
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��	"����BAU in 
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���	�	���
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in the pattern of supplies between 
those in the highest and lowest 
=��
���	�������
�������	����������	���
�����%�&�!�������$%&%���
��
	��
with a counterfactual case in which 
����������	���
	�����
	��������	���	�
��
	���
�������	������

� +������
���"���	�����	
��	�	�����
carbon prices in Rapid increases the 
�����������������	��	�����������	��
���������	
��	�	��������
�������	������
and so has a more material impact 
�����	�
���
�	�����	�	����+��
particular, in Rapid, the increasing 
��
�����
��	�����	������	���=��
���	�
intensity supplies by 2050 to be 
around 2 Mb/d lower than in the 
counterfactual case (a decline of 
almost 25%), with correspondingly 
�
	��	
�����
	��������	
�=��
���	�
���	������������	��

 The precise extent of this shift 
between high and low carbon 
intensity supplies depends on 
the extent the carbon intensity of 
���	
	����
��	����������	����	��
�����	�
	���	��������������������
For example, it might be possible 
to reduce operational emissions 
�����
	������
	��
�������������
	�	��
�8����������
	�����	��������	�������
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�����	����������
	������	�
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	��	��������	������������	������
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���������������	����	�
���������	�
future pattern of supplies if carbon 
�
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	��	�
��	
�������

� *���
���
��	���������	�������	�����
���	
	��	�������	���
�������	������
of natural gas supplies, which in 
���������������	
	��	�������	���
����
intensity of production, also depend 
on whether the gas is transported 
�������	���	���
����9QU"������������
���������
�������	�������
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in the near term and a combination 
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and increasing competition from 
���	
�����	��		����������
��	
�����

� �	8�	
����
�����������������Rapid 
and BAU��
	������8����������	
����
��	��	�
��	

������
	��������/����)34�

	���������	��	
������
�
	8�	��
products, especially in the transport 
�	���
�@�		����JL)J4B�

� *���������	���	
�����	
������
�
��=�������	��"�
	8�	
��
�������Rapid 
�	�	
�������
	���	
�����
	)/�����
�	�	���������������
�
	������R&�!����
����	������������������	�
�$%3L��	�	���
���$%&%����	�����������
�
	8��������
a little less challenged in BAU, with 
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in which product demand continues 
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����
– build additional capacity to limit any 
increase in import dependency for 

	8�	���
�������

� ��	�	��	���
	8�������������������
emerges in both BAU and Rapid 
leads to increasing competition 
������	�	�	��������������������	�
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shutdowns in BAU are concentrated 
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 The degree of market rationalization 

	=��
	�����Rapid is more 
pronounced and widespread, 
with around 50 Mb/d of current 
(or planned) capacity surplus to 

	=��
	
	�������$%&%����	�
	8�����
capacity that is most resilient to 
these pressures in Rapid is aided 
by: resilient domestic demand, 
���	��������������	���		������"�
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with petrochemicals and, in some 
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 The outlook for gas is more durable 
than for coal or oil, helped by broad-
based demand and the increasing 
�����������������������������	��

 In Rapid, the global demand for 
gas – natural gas plus biomethane 
)�
	���	
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switch away from coal towards 
lower-carbon fuels, including gas 
(this potential supporting role for 
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Global gas consumption declines 
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compounded by increasing falls 
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global gas demand by the end of the 
(����������������������	��������$%3L�
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 The growth of global gas demand 
in Net Zero�������
�	
����	�"��	������
in the mid-2020s, followed by a far 
faster decline, such that demand 
���$%&%�����
�����6&\��	����$%3L�
�	�	����

 In contrast, gas demand increases 
throughout the next 30 years in 
BAU, increasing by a third to around 
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widespread, with particularly strong 
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 The main areas of increasing gas 
production in Rapid are China and 
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Eastern gas production by 2050 are 
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Much of the exports are in the 
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Outlook in Rapid, increasing the 
��
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natural gas around the globe (see pp 
L$)L6B��

 The much stronger demand growth 
in BAU is largely met by increases 
in output in the US, Middle East and 
*�
���"����������	��	
�����������
�
around two-thirds of the increase in 
global supplies in BAU��
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Gas consumption Gas production growth by region

Outlook for gas is more resilient than for either coal or oil 
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 The pattern of changes in global 
���������
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�
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��
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	�	������
���	
	��	�������	����	�����	��	������
��	����)��
�����
���������

 In Rapid, the shift to lower carbon 
energy sources, combined with 
�����8��������������	�	
���	;��	���"�
means gas used in the industrial 
and power sectors – the two 
main sources of growth in gas 
�����
��������	
���	������$%�
�	�
��D������
�	����������	����	
�
the Outlook, and falls materially in 
�����������+���	��"���	�
�������
�	�
�����
	�������	
���	�(����������
the growing use of natural gas to 
produce blue hydrogen, which 
�����������
���
����3%\�����������
gas demand by 2050 in Rapid (see 
���3%$)3%&���
�������������������	�
����������
����
��	�B�

 These shifts in the pattern of gas 
�	
�����
	�	�	��
�
	��
������	��
in Net Zero, with the use of gas 
in the power sector and buildings 
������������
�����J&\�����4%\�

	��	����	��"���
����������	�������
substantial increase in the use of gas 
����
����	����	����
��	��

 In contrast, growth in global gas 
demand in BAU is broadly based 
across all sectors of the economy, 
led by the industrial and power 
sectors, which together account for 
�
��������)���
��������	����
	��	��
The growth in industrial demand 
stems entirely from emerging 
economies as they continue to 
������
�����	"������
�	����������8�����
coal-to-gas switching within China’s 
������
�����	���
�
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Change in gas demand by sector, 2018-2050

��	�����	
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across the scenarios
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 Natural gas can potentially play two 
important roles in an accelerated 
transition to a low-carbon energy 
system:

 supporting a shift away from 
��������������
�����"��	�	�������
economies in which electricity 
demand and other uses of coal are 
�
������=������"�����
	�	����	��
and other non-fossil fuels may not 
�	����	�����
�����;��	�����=�������
���
	����	�����������	�
���������

 as a source of (near) zero-carbon 
power when combined with 
CCUS, either as a direct source of 
energy to the power and industrial 
sectors or to produce blue 
���
��	��

 These two roles can be highlighted 
by contrasting the role of natural 
���������	�������
���������	������	��
in BAU with the more accelerated 
decarbonization in Rapid��

 The role of natural gas supporting 
a shift away from coal can be seen 

������	�
������+���������(��	
�*�����
The greater fall in the share of coal in 
Rapid compared with BAU is mainly 
���	�����������
�����������)�������
fuels, led by renewable energy and 
supported by a larger increase in 
��	����
	�������������������
�����
role fades towards the end of the 
Outlook as the growth of non-fossil 
	�	
������
�	������	
����	��

 There is less need for this supporting 

��	�����	�	���	�������
�	�"���	
	�
the slower growth in energy demand 
makes it easier for the reduction 
in coal consumption to be largely 
matched by the increasing use of 
���)���������	����

 The role of natural gas as a greater 
source of (near) zero-carbon energy 
in Rapid�
	�����	����BAU is clear, 
with gas combined with CCUS 
�������������
��
�����L\�����
�
�
��
energy by 2050 in Rapid, compared 
����������3\����BAU����	�
���
����
of natural gas with CCUS in Rapid 
is used as a direct energy source in 
industry and power, with the residual 
��	������
����	����	����
��	���
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Rapid  vs. Business-as-usual: India and Other Asia* Natural gas with CCUS as 
a share of primary energy

The role of natural gas in a low-carbon energy transition
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Rapid and BAU, leading to a more 
��
�	�����	"�������������	�
��	������

�
�	���

� 9QU��
��	����Rapid bounces back 
strongly from the near-term fall 
��������	�������/����)34"�
�
	������
�����������	
���	�8
�������������	�
(������"����
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��	�����
���
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��������	�	�������
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gas is used to aid the switch away 
�
�
����������9QU��
��
����
	���	�

�������
�	�������
	
	�������������
�������
�	����9QU��	
�������
	��
by increasing supplies from the US, 
*�
����������	�!����	�1���"�������
emerge as the three main hubs for 
9QU�	���
���

� U������9QU��
��
����������������
the second half of Rapid as import 
�	
��������	�	�������*�������
���
����	����	����	�	��������
	�
����
�
������	�����/����"������	
����
demand declines and domestic 
production (including biomethane) 
���
	��	���9QU��
��	����$%&%�������
����
�����4V%�'�
����	����	���������
�	����	����9QU�	���
������	
���	�
��)
2030s is greater than the speed of 
�	�
	�������������=��8���������������	�"�
implying that towards the end of the 
Outlook some facilities need to be 
operated at less than full capacity or 
����������
	
���
	����

� 9QU��
��	����BAU grows more 
slowly than in Rapid, reaching a little 
��	
�3%%%�'�
����$%&%��#��	�	
"�
	�	�����BAU"��
�����J%\���������
�
���������
����	
���	��	���3%�
�	�
���
�����*�����Rapid"�A<"�*�
����
and the Middle East are the main 
source of incremental supply, with 
�	�	�������*������	���
������
destination for these increasing 
exports, along with the EU which 
remains an important balancing 

�
�	����
�9QU�����������	��
����

Key points
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of gas around the globe
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� �	�	����	�	�	
�����	�������	�
power sector – wind, solar, biomass 
�����	���	

���D��
����=����������
all three scenarios, aided by falling 
costs of production and policies 
encouraging a shift to lower-carbon 
	�	
������
�	��

 The expansion of renewable energy 
in power in Rapid and Net Zero far 
outpaces the growth of primary 
energy, increasing by around 250 
1������6&%�1��
	��	����	�����	
�
��	�(�������D��
�����8�	�����
�	�	����
	���
	��	
��������	���	
����
���
	��	�����
�
�
��	�	
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 The fast pace of growth eases 
slightly from the late 2030s onwards 
as the costs of balancing the 
intermittency associated with adding 
increasing amounts of wind and 
����
����	
�
��	��1�	����"���	����
	�
of renewables in primary energy 
�
�����
�
��
�����&\����$%3L����
45% by 2050 in Rapid�����J%\����
Net Zero��

 The growth in renewable energy is 
dominated by wind and solar power, 
underpinned by continuing falls in 
�	�	���
	��������������	��
��	�
�������	�
���	�
�������
�	�7��(�	
�
the next 30 years, wind and solar 
���������������
�����6%\�����J&\����
Rapid�
	��	����	����������6&\�����
70% in Net Zero��

 In both Rapid and Net Zero, wind 
and solar power account for broadly 
similar absolute increases in power 
�	�	
������������	=���	�������
�����8�����������	
�
��	����	���������
in solar power, supported by (and 
�
�����B���	��
	��	
�������	����	���

 The growth of renewables in power 
is less fast in BAU, although they 
�������
����	�	�)�������������
����	�
�
�����4%\������	��
��������
�
�
�
��	�	
�����	
���	�(�������

 In all three scenarios, emerging 
	����
�	������������
���	�
���
����
of the growth in renewable energy, 
�
��	�������
���	
��
�����������	
�
generation and by the increasing 
share of renewables in power, 
	��	������������	�	��	��	���������
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Renewable energy used in power sector Cost of wind and solar energy by scenario
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 The growth of wind and solar power 
generation in all three scenarios 

	=��
	���������8��������	�	
���������
��	��������������
	�	����	����������

� ��	���	
��	�����������
	��	���������
and solar capacity in Rapid and Net 
Zero���	
���	�8
�������������	�(�������
is around 350 GW and 550 GW 

	��	����	��"��	��		��J�����4���
	��
����	
��������	����������	
��	����
�
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spending, the extent of that increase 
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�
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	�������	
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 The fast growth in wind and solar 
power generation in Rapid and Net 
Zero�������	�����������	=�	���
slowing as the costs of intermittency 
���������
	�	��	�������	�����	
�����
capacity additions, which peak 
around 2035 in Rapid and Net Zero 
�	��
	������������
������������
�����
the pattern of new additions raises 
the risk of excess capacity within the 
renewables supply chain towards 
��	�	��������	�(�������

 The acceleration in the build out of 
wind and solar capacity in BAU is 
more gradual and steadier, although 
��	���	
��	��������
��	�������������
�����
�������@$6&�U�B���	
���	�
Outlook is still considerably faster 
than past rates of expansion

 In Rapid and Net Zero"��	�	���	��
countries represent around 25% of 
total deployment of wind and solar, 
China accounts for broadly another 
25%, with the rest accounted for by 
���	
�	
	
�����	����
�	���+��BAU, 
�	�	���	��	����
�	�����	�����
�	
�
role - accounting for around a third of 
�������	����
	���

� *������8��������
	�����������������
�
energy is used to produce green 
hydrogen in Rapid and Net Zero, with 
this share increasing to around 20% 
of total installed capacity by 2050  
in Rapid and to around a third in  
Net Zero��
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Annual average increase in wind and solar capacity Installed capacity of wind and solar energy

The build out of wind and solar power capacity accelerates sharply
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 Global coal consumption declines 
�������	�������	
���	��	���6%�
�	�
�����������
		���	��
���"��	�	
�

	���	
�����������������	����	�	�����
$%36��

 The scale of the decline is 
particularly pronounced in Rapid and 
Net Zero, in which coal is almost 
entirely eliminated from the global 
	�	
�������	
���	
���	��	���6%�
�	�
�"����������	��		��L&)4%\"������
the share of coal in primary energy 
dropping to less than 5% by 2050 in 
�������	��
�����

 The fall in coal demand in Rapid and 
Net Zero is dominated by China as it 
shifts to a more sustainable pattern of 
�
��������������	
)��
������	��
����
Declines in Chinese coal consumption 
����������
��
���������������	���	
����
fall in global demand in these two 
scenarios, supported by declines in 
(1/?"�+���������(��	
�*����

 The contraction in coal consumption 
is less pronounced in BAU, falling 
by around 25% by 2050, with the 
speed of that decline accelerating 
��
�������	�(��������/��������������
��
���	������
���
���������	�����"�
������	�������	�A<�������	�1A����	�
��	
�����������������������������
������
is partially mitigated by continuing 
���
	��	�����+���������(��	
�*�����'��
$%&%"��	�	�������*����@/����"�+�����
����(��	
�*���B������������
���	
�
L%\��������������������
���������
BAU�

 The falls in coal consumption are 
concentrated in the power and 
������
�����	���
���+��Rapid and Net 
Zero, the power sector accounts 
for around two-thirds of the decline 
as power generation is largely 
�	��
�����	�����	
	������BAU, the 
�������
	�����
����	��
�������	�	����
�	��		����	������	���
���'��$%&%"�
the power sector accounts for 

around two-thirds of the remaining 
use of coal in BAU�@�		����3%%)3%3�
for a discussion of the prospects for 
����)8
	�����	
��	�	
���������+����B��

 In both Rapid and Net Zero, most 
of the coal consumption remaining 
���$%&%������	����������������������
CCUS, concentrated in the power 
sector and the production of blue 
���
��	��

 The falls in global coal demand 
are matched on the supply side 
��������8��������������/���	�	������
production, which accounts for 
��	������
���
���������	��
���������
declines in both Rapid and BAU��

89   |   bp Energy Outlook: 2020 edition

Key points

Coal consumption Change in coal demand by sector and region, 2018-2050

The role of coal in the global energy system declines, 
�
��	�����/����
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 Nuclear energy grows throughout 
the Outlook in all three scenarios, as 
��
�����
��������/��������	����	���
or falling nuclear power generation in 
��	��	�	���	����
���

 Nuclear generation grows robustly 
in Rapid and Net Zero, increasing by 
�
�����3%%\�����3J%\�
	��	����	���
���$%&%��/����������������
��
�����
J%\����������
��������Rapid – 
and 40% in Net Zero – as China 
�������	��������	
�����������
�
�
coal towards a lower-carbon fuel 

��������	����	
��	���
����	����
	�
of nuclear power in China’s power 
generation increases from around 
R\����$%3L����
�
	������3&\����
$%&%�����������	��
�����Q���	�
�
power generation also increases in 
+����"�(��	
�*��������*�
�����

� Q���	�
����	
������	��	�	���	��
economies falls slightly in Rapid 
and edges higher in Net Zero��+��
both scenarios, the pressure to 
decarbonize the power sector more 
=���������������	
��	
�)��
����
energy sources and balancing 
technologies can be deployed 
is partially met by extending the 
operating lifetimes of nuclear power 
plants in the US and Europe, many 
���J%��	�
���
�
�
	�

 The pace of build out of new 
capacity additions in Rapid is 
comparable to that seen in the 
heyday of nuclear power in the 
34L%��D�����	�	��=����	
����Net Zero 
– with the pace of construction in 
Rapid increasing more than two-fold 

	�����	����
	�	���
��	�����	����������

 The growth of nuclear generation 
is slower in BAU, increasing by 
around 40% by 2050, with its share 
����
�
�
��	�	
���	���������	
��
The pattern of growth in BAU is 
	�	��
�
	�������	�"������/�����
accounting for more than the entire 
growth of nuclear power generation, 
��
����������	������	����	�������	�
US and Europe as aging nuclear 
plants are retired and a combination 
of economic and political factors 
means they are not replaced by 
�	��������������	��	�	���������	�
�
generation in China by 2050 in BAU 
is around twice that of the entire 
�	�	���	����
���
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Nuclear generation Change in nuclear generation by region, 2018-2050

Growth in nuclear power is dominated by China 
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the Outlook, but the pace of growth 
slows in the second half of all three 
��	��
���������	�������������������	�
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��������
���	��

 The greater pressure to decarbonize 
the energy system in Rapid and 
Net Zero helps to support stronger 
growth of hydro energy than in 
BAU"�	�	�������	��
�����������
��
���	
����������
		���	��
������	
�
��	�(�������D�
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�
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hydro in global power generation is 
broadly stable in all three scenarios 
����
�����3&\�

 The slowing in hydroelectricity 
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by China, where the robust build 
����������
����������	����	
���	������
20 years accounted for around 
��
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��������
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����
�
�������	�������������	�����	��
in China are exploited, the growth 
of Chinese hydro power slows, 
��	
�������	��		��3�6)3�V\���������
the three scenarios, down from an 
��	
��	��������
��	������
����3%\�
��	
���	������$%��	�
���

 Some of this slowing in the growth 
of Chinese hydro power generation 
������	�����������	�	
���������
(��	
�*���"�9�����*
	
���"�����
*�
���"���	
	��
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prosperity and accelerating power 
demand increase the economic 
��������������	�	���������	����������
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	�������
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Hydroelectricity generation by region Hydroelectricity growth by region
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but at a slower pace than in the past 

92   |
Hydro



95   |   bp Energy Outlook: 2020 edition

94   |

Electricity and power generation 

#��
��	�

Other energy 
carriers



0

5000

10000

15000

20000

25000
Transport 

Industry

Buildings

Net Zero Business-
as-usual

Rapid
0%

10%

20%

30%

40%

50%

60%

205020402030202020102000

Net Zero
Rapid

Business-
as-usual

TWh

 The world continues to electrify, 
leading the power sector to play an 
increasingly central role in the global 
	�	
�������	
�

� ��	��
��������8����	�	��
������
demand is similar in all three 
��	��
���"��
�����������������	
�$\�
����"������������	
����	����������
�
�����L%\����$%&%��

 The extent to which the energy 
����	
�	�	��
�8	������
	��	���
in Rapid and Net Zero as the 
�
��
	����	��	��
����������������	�
energy system leads to increasing 
�
���������8����	�	
�����	��	����
	�	��
�8	�����	����
	����	�	��
������
���������8���������
���������
	��	��
�
�
��������	���	
�$%\����$%3L����
45% in Rapid����$%&%�������	
�&%\�
in Net Zero"���
��
	������������6R\�
in BAU����	��
��������	�	��
������
demand in BAU is supported by 

��
���	
���	
�����
��������	�	
���
consumption than in the other two 
��	��
�����

� ��	�	�	
���
	=��
	�����
		����	�
�
��������	����	�	��
��������
�8����
consumption is the dominant source 
of incremental demand for primary 
	�	
������������
		���	��
�����*����
result, the share of primary energy 
that is absorbed by the power sector 
���
	��	���
�
�R6\����$%3L����
�
�����J%\����$%&%����Rapid and 
Net Zero���������������	���	
�&%\����
BAU��

� ��	������
���
���������	��
�����
in electricity demand in all three 
��	��
��������
��	�����	
	
�����

�
�	��"��	������	�	�������*����
@/����"�+����"�����(��	
�*���B�����
*�
���"�������
	�������
���	
��������
�������������
������	
��������	
�
	�	��
�����������
�������

 The increase in electricity use in 
Rapid and Net Zero is broadly based 
across all three sectors (industry, 
transport and buildings) of the 
economy, with electricity used in the 
transport sector rising most strongly 
as increasing amounts of road 
�
�����
��������
	�	�	��
�8	�� 
@�		����R$)R&B�

 In contrast, the slower gains in 
	�	
���	;��	���������������������
industry in BAU means these 
�	���
������������
��
�����L%\����
the growth in power demand, with a 

�
	������	�����
	��	�����
�����
��
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Change in electricity demand
by sector, 2018-2050

Electricity demand grows robustly as the world 
continues to electrify 
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 The growth of global power 
generation is dominated by 

	�	����	�	�	
���

� �	�	����	�	�	
��"��	����������
and solar power (and including 
biomass and geothermal), more 
than accounts for the entire growth 
in global power generation in Rapid 
and Net Zero and for around three-
=��
�	
�������	��
��������BAU��

 The increasing cost of balancing the 
intermittency associated with the 
use of wind and solar power as their 
share rises causes the pace at which 
they penetrate the power sector to 
slow in the 2040s in Rapid as their 
���
	��������������	
�
��	������	�
&%\��<�
���
��"���	����
	���������
and solar power in Net Zero begins 
�������	�����������	�$%R%��������
��	��
����	�J%\��

 The main fuel to lose ground is coal, 
�������	����
	��������)8
	�����	
�
generation in global power falling 
�
�
�6L\����$%3L�����	��������6\����
2050 in Rapid and Net Zero, and to 
around 20% in BAU��

 The use of gas in the power sector 
���
	��	����
������	�8
�������������	�
Outlook in Rapid as it gains share 
from coal but falls back close to its 
$%3L��	�	�����$%&%������	���	����

	�	����	�����	�	
��	����	���������
growth of gas in Net Zero is shorter 
���	��������	�����	=�	����	����	�
���
�	
��+������
���"���	���	��������
in BAU increases broadly in line 
�������	
�������	
��	
���"������
its share in global power generation 
	��������������������������'��$%&%"�
roughly half of the natural gas used 
to generate power in Rapid and 
�
�����4%\����Net Zero is used in 
�����������������//A<��

 The changes in the fuel mix, 
combined with the increasing use of 
CCUS, means the carbon intensity 
������	
��	�	
�����������������	
�
4%\����Rapid"���
��
	������������
50% in BAU��*����
	����"��	����	�
the substantial increase in power 
generation, carbon emissions from 
the power sector decrease by 
��	
�L%\����Rapid, compared with 
�����3%\����BAU��+��Net Zero, the 
use of bioenergy combined with 
//A<�@'1//<B�
	����������	��/(

2
 

emissions from the power sector are 
�	�����	����$%&%�
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Growth in power generation is led by wind 
and solar power as coal loses share 
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Share of global power generation by energy source

Rapid Net Zero Business-as-usual
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 The challenge of decarbonizing the 
power sector in economies and 
regions in which there is strong 
growth in electricity demand is 
illustrated by the outlook for the 
+���������	
��	���
�

 Electricity consumption in India 
increases robustly in all three 
��	��
���"��
�������	��		��R�%)
R�J\��������	
���	�(������"����
�
�
�������
���	
���������������
standards boost industrial and 

	���	�������	
����

 In BAU, wind and solar power 
generation increase more than 20-
��������$%&%"��
��������������	
��	�

��	����3%\�������?	����	�����"�+������
����)8
	�����	
��	�	
�����������	��
��	
���	�(����������BAU"�
	=��
����

�
	������3%%��	������)8
	�����	
�
�����������	���������	
���	��	���3&�
�	�
��

 The pace and extent of the 
decarbonization of power is greater 
in Rapid, with coal power generation 
������������
�����R%\����$%&%��
Wind and solar power generation 
�
�������
�����6%)���������J%)�����

	��	����	��"�����������	
�36)������

� #��	�	
"�	�	�����Rapid, Indian coal-
8
	�����	
��	�	
���������
	��	��
����
����������
����	
���	��	���3%�
�	�
���
�����	��
	�����	=�	�����
�	��������������
	=��
	���
�����&%�
�	������)8
	�����	
��������������	�
built in the 2020s, with the likelihood 
that some of these power stations 
become uneconomic as coal 
�	�	
����������	=�	������	����	���
*���
���
��	�
)�	

����
	��	���������
generation, albeit less pronounced, 
is apparent in Net Zero�

� (�	������������������������
	��	����
+����������)8
	�����	
��	�	
������
would be for wind and solar power 
������	�	
��	�	�	��
�
	�=���������	
�
��	��	���3%��	�
�"���	
�������
�����
45 GW per year, compared with 30 
GW in Rapid����������	
��	����6�
U������	�$%%%����������������
��	�����
�*��	
���	����	�37�����	�

� *����	
����	
�����	�@������������
*��	
���	����	�$B��������	�����
����
forward some of the growth of 
���)8
	�����	
��	�	
�����������
����	������	
������	�(��������+��
gas power generation is increased 
��;��	���������
	�	����������
	��	�
in coal generation, this would reduce 
carbon emissions by around  
2 Gt CO

2
���	
���	��	����	���	�


	�����	����Rapid�

Power
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The challenge of decarbonizing the Indian power sector 
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Share of Indian power generation 
by energy source in Rapid

Annual average net capacity 
additions in wind and solar in India Generation from gas in India 

GW TWh
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 The use of hydrogen as an energy 
��

�	
_����
	��	�������8����������
Rapid and Net Zero as the world 
transitions to a lower-carbon energy 
����	
����	����
��	�������	���	��
either directly or combined with (bio)
carbon or nitrogen to make it easier 
����
�����
���

 The growth of hydrogen is 
concentrated in the second half of 
the Outlook as falling technology and 
input costs, combined with rising 
carbon prices, allow it to compete 
���
	��������������������
�	�����	����
'��$%&%"����
��	�������������
�
around 7% of (non-combusted) total 
8����	�	
��������
������@	���������
the non-combusted use of fuels) in 
Rapid������
�����3J\����Net Zero��

� #��
��	����
��	
	������	��
������
role of electricity in Rapid and Net 
Zero because it can be used for 
��
	���������	���������
	���;�����
or costly to electrify, especially in 
industry and transport, and because 
it can be more easily stored than 
	�	��
������

� #��
��	����������
������
���������	�
in industry as a source of energy for 
high-temperature processes, such 
as those used in steel, cement, 

	8����������	�
���	
�������	���
���
'��$%&%"����
��	�������������
�
�
�����3%\����������8����	�	
���
consumption in industry in Rapid and 
3L\����Net Zero�

 The use of hydrogen in transport 
is concentrated in long-distance 
�
�����
������"���
������
����	���)
duty trucks in which 7% of VKM 
in Rapid by 2050 are powered by 
���
��	������3%\����Net Zero��

 The use of hydrogen in Rapid is 
most pronounced in China and 
��	��	�	���	��	����
�	��������
lead the world in its adoption, 
supported by rising carbon prices 
and increasing deployment of 
infrastructure and other policies 
�����
�����������	�������������������
more broadly-based in Net Zero, with 
�����8��������
	��	����������+���������
���	
���
�������	�	�������*����

 In contrast, the role of hydrogen 
within BAU is far more limited, 
mirroring the minimal progress made 
����	��
�����������	�	�	
�������	
�
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to a low-carbon energy system 
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*The Outlook does not include the role 
of hydrogen as a feedstock in industry
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 The production of hydrogen in Rapid 
and Net Zero is dominated by green 
�������	����
��	��

 Green hydrogen is made by 
electrolysis using renewable 
���	
�����	����
��	�����	��
���	��
from natural gas (or coal) and the 
displaced carbon is captured and 
���
	��@//A<B�

 The ability of many countries 
to produce either green or blue 
���
��	�"���
���	�������
	�����	���
high transport costs, means that the 

���
����������
��	������
����	��

	�����	����������"��������
���������	�
and green hydrogen depending 
���������������������'��$%&%"���	
�
4&\�������
��	�����Rapid and Net 
Zero comes from green and blue 
���
��	������
������	=�����
�������
The remainder comes from legacy 

facilities which produce hydrogen 
using natural gas or coal without 
//A<�@��)����	���
	�����
��	�B�

 The production of blue hydrogen 
helps supplies of hydrogen to 
�
���
	�����	���=����������Rapid and 
Net Zero without relying only on 

	�	����	�	�	
�������������
��
�����
��
�����
	������

� .�
��"�
	������	�������	�������
		��
���
��	��������
	=��
	����	�	��
faster expansion in wind and solar 
�����������������	�	���	���
	��	�	��
of hydrogen production as in Net 
Zero using only green hydrogen, 
������
	=��
	������	
��	�����������
of wind and solar capacity of around 
L%%�U���	
��	�
���	
���	�(������"�
��
��
	��������	���J%%�U�����Net 
Zero������
�����J%�U����	
���	�
�����$%��	�
���

 Second, production of green 
���
��	�����	
���
	�	����	�	�	
���
that could potentially be used to 
decarbonize further the power 
�	���
��U��	���������	������
���
����
�����
	��������	
��	���
����	
���	�
Outlook are not fully decarbonized 
in either scenario, only renewable 
energy which cannot be used within 
the domestic power sector can 
strictly be used to produce green 
���
��	���������������	���	����	����
the renewable energy is curtailed at 
certain points in time or because its 
location means it is not economic for 
�������	�����	��	�������	��	��
����
����
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Hydrogen production by type Annual average increase in wind and solar capacity

Most hydrogen production by 2050 is a combination 
of green and blue hydrogen 

104   |
Hydrogen



107   |   bp Energy Outlook: 2020 edition

106   |

Summary 

Carbon pathways

Alternative scenario: Delayed and Disorderly

Carbon emissions 
from energy use
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2

� ��	��
��������/����)34�����	��
carbon emissions from energy to fall 
���
���������	��	�
)�	

��*��������
	
������������	=�	����������������
��	��������	����
��
	���	
�"���	�
�	�	�������
����	
�����������Rapid 
and Net Zero do not return to their 
�
	)����	
����	�	���

 Carbon emissions from energy use 
in Rapid fall by around 70% by 2050 
����������	���	
�4�U��/(

2
���������������

emissions is broadly in the middle of 
the range of ‘well below 2-degree’ 
��	��
�����������	�������	�$%34�
+�//��	��
���<		����	��3&%)3&3�
for details on the construction of the 
+�//���	��
���
���	��

 In Net Zero, carbon emissions 
����������	
�4&\��
�
���	�
�$%3L�
�	�	�������
�����3�&�U��/(

2
 by 

$%&%����	������������	�����	����	�
is slower than the range of IPCC 
��	����3�&)�	�
		7���	��
���"�����

by the second half the Outlook the 
emissions pathway in Net Zero is 
close to the middle of the IPCC 

���	�

 The carbon emissions remaining 
in 2050 in Net Zero could be 
reduced further by either additional 
changes in the energy system 
�
��������	�����	�	
��������
�	��������	��@Q1��B��*��	
�����	��"�
��	�	
���������������	����	�����
increased deployment of natural 
climate solutions (NCS) (see pp 
36%)363B��������������
�����	�	������
the costs of NETs and of abating 
U#U��	
���	���
�
�������	���	�
energy system, neither of which are 
	����������������	
	����������(�������

 The extent of the decline in carbon 
emissions from energy use in BAU 
�����
�
�
	���
��	���1
���������	���
around the mid-2020s and decline 
������
�������"�������������
�����3%\�
�	����$%3L��	�	������$%&%�

 The composition of the carbon 
emissions remaining in 2050 
in Rapid��
����	����	��	������	�
��
�	��)��)����	�	
�����������	�
largest source of emissions is the 
transport sector which accounts 
for around third of the remaining 
emissions, with the industrial and 
power sectors each accounting for 
�
�������=��
�	
�

 The transport and industrial sectors 
����������
���	�
���
���������	�
remaining emissions in Net Zero in 
$%&%����	�	�	
���������
	���
�������
���	������	���	�����	�	
��������
from the power sector, stemming 
from the use of biomass combined 
�����//A<�@'1//<B"�������
	���	�
�	����
����	
������������
�����3�&�
Gt CO

2
����$%&%�
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Global carbon emissions from energy use Carbon emissions by sector
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 The reduction in carbon emissions 
in Rapid and Net Zero�
	�	�����
combination of increased switching 
to low-carbon fuels, greater gains in 
	�	
���	;��	���"������
��������	����
��
���������
	��	��������	��@//A<B�

 The most important factor 
accounting for the reduction in 
carbon emissions in Rapid"�
	�����	�
to the BAU emissions pathway, is 
the additional degree of switching 
to low-carbon fuels which accounts 
��
��
�����R&\������	����	
	��	����
$%&%�����������
��	����������8�����
reductions in the use of coal, 
	��	�����������	�	�������*���"������
much of this replace by faster 
penetration of renewable energy 
���"�������	��	
�	��	��"�����

 ��	�
	��������	����	
	��	��	��		��
the carbon pathways in Rapid and 
BAU�
	�	������
���	
����������
	�	
���	;��	���������
	��	
���	�
���//A<��'��$%&%"�//A<������	��
to capture and store around 4 Gt 
CO

2
 of potential emissions in Rapid, 

������
�������
		�=��
�	
�������	�
captured emissions emanating from 
the industrial and power sectors and 
the remainder from the production of 
���	����
��	��

 The additional reductions in carbon 
emissions in Net Zero�
	�����	����
Rapid are partly enabled by changes 
�����	��	������
������
	�	
	��	��
of companies and households, 
with increased focus on using 
	�	
���
�
	�	;��	����"��
	��	
�
switching to zero or low-carbon fuels 
����������������	�
������
������

patterns towards lower-energy 
��������	�����	�	��������������	����
preferences accentuate the impact of 
���	
�
	������)��
����������	���

 The largest factor contributing to the 
greater declines in carbon emissions 
in Net Zero�
	�����	����Rapid is 
the further switching away from 
fossil fuels into zero-carbon energy 
sources, especially renewable 
	�	
���

 There are also contributions from 
����	
����������	�	
���	;��	����
�����
	��	
���	����//A<��'��$%&%"�
the amount of carbon captured and 
stored in Net Zero�����
�����&�&�U��
CO

2
"��������	�
���
����	
����	�����

the production of blue hydrogen and 
��	����	
��	���
�
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Carbon emissions from energy use
Carbon capture utilization
and storage in 2050

The fall in emissions in ����� and Net Zero��
��	��
by switch to low-carbon energy 
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 Rapid and Net Zero assume that 
���	
�
	�����������	����	����
��������	�������������	������
�

	�����	���=������"�������������
����
emissions from energy use start to 
�������	
���	��	����	���	�
���'���������
possible that there is an extended 
delay before these types of changes 
take place, with an increasing 
likelihood of a sharp tightening in 
climate policies the longer the world 

	
�����������������������	������

 This possibility is explored in an 
���	
�����	�Delayed and Disorderly 
scenario in which the global energy 
����	
��������
	�����
��	�������	�
with BAU until 2030, after which 
��;��	���������	���������������
	�
���	
���	�������
�����
������	�
��
����	
����������	
���	�(�������
@$%3L)&%B�����	���	���
	�������
Rapid�

 Delayed and Disorderly is highly 
stylized - the nature of any delayed 
transition path will depend on the 
�����
���
���	
������	�	�	������
change and the response of 
���	
�
	�����������	������	�
scenario is predicated on the 
assumption that there are costs 
����	���������������+����
������
"����
assumes that it is not possible to 
make greater progress in energy 
	;��	�����
���	���������������$%&%�
������������	�	�����Rapid��*������"�
��
�������
����	���
���	�"��������
	��
that from 2030 onwards the:

� �	�
		����	�	
���	;��	����
(including recycling, reuse and 

	���	B��
�
��	�����	�
�������

	���	����	���
	��	�	�����Rapid 
���$%&%�

 carbon intensity of the fuel mix 
�
�
��	�����	�
�������
	���	����	�
��
	��	�	��@����������//A<B����
Rapid����$%&%��

� U��	����	�	������
�����������	�
speed and extent to which energy 
	;��	����������	������������
�����
�
��	"�������
��	
���������
�	�	���
���������	�	���	���
������	�
emissions target are assumed to 
take the form of energy ‘rationing’, 
that is, policies that stop or restrict 
��
�����	�	
��)���������������
�
��������	���

 For simplicity, Delayed and 
Disorderly assumes that the 

	=��
	��	�	
���
�������������
���	��
proportionality across the main 
sectors of the economy, with the 
degree of rationing increasing at a 
���������
��	���	
���	�(�������
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Alternative scenario: Delayed and Disorderly

MJ per $US of GDP Mt of CO
2
 per EJ
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� ?	���������	����
�������	��	�����	�
shift to a low-carbon energy system 
������$%6%������8����������
	��	��
��	�����	������	������	��	�
	�����	����
Rapid: carbon emissions start from a 
����	
��	�	��������	
	�����	�����
	����

��	���	�������
	����

� ������	�����	������������8�����
economic cost and disorder in 
Delayed and Disorderly�

� *���	�������	���
	��
�
��	
	����
���	�	
���	;��	����������	���	��
mix as in Rapid in two-thirds of the 
��
	�������	������
	=��
	��������8�����
���	
�����������	��
	����
�
����	
�
�
�������	���������	�������	��������	�
�
	
���
	���
�����������
�������	�
���	���

� !�
	������8������"���	��
���	������	�
of energy rationing necessary to 
����	�	���	�
	�������������
�������
	=�����	�������
�������=��
�	
������	�
energy consumption between 2030 
and 2050 in Rapid�

� *���
���������
�������������
���	��
proportionately across the main 
sectors of the economy, it is roughly 
	=�����	�����>

� ���������
��D����	�������
�����
20 years of growth in industrial 
��������

� ����
�����
��D�
	���������
��
��	�����
���������)���
���������
��
��	�����
�����
	�����	������	�
�$%&%��	�	������
Rapid, together with similar scale 
reductions in commercial and 

�
��	��
�����
��������

 in buildings – a reduction in energy 
��	�
	�����	������	�$%&%��	�	�����
Rapid�
�������	=�����	��������	�
energy used to fuel the entire 
�����������	���
������	�1A�������

� *������������
��	��	��	���������"������

���������������	���������	��������8�����
�
��������	����
����������������
�	�	�������	��)�	����

Carbon emissions
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�	
����
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 The transition to low-carbon energy 
system in Rapid and Net Zero leads 
to a fundamental restructuring of the 
�������	�	
�������	
�

 These changes are led by the 
declining importance of fossil fuels: 
���"�����
�������������������	���	�
of hydrocarbons in both Rapid 
and Net Zero peak in the next few 
years, falling by around 50% and 
V%\�
	��	����	������$%&%���������
that, the combined use of oil and 
natural gas falls by around a third 
and two-thirds in Rapid and Net Zero 

	��	����	���

 These traditional forms of energy are 
replaced to a large extent by low-
carbon energy carriers in the form 
of electricity and, to a lesser extent, 
���
��	���'��$%&%"�	�	��
������
�����������
��
�����&%\����8����
consumption (excluding the non-
combusted use of fuels) in Rapid 
�����
�����J%\����Net Zero�������
greater recourse to electricity is 
complemented by the increasing 
use of hydrogen which is used 
��
���������	���������
	���
�	
��
�

�
	�����������	�	��
�����'��$%&%"�
hydrogen accounts for around 7% of 
8����	�	
��������
���������Rapid 
����3J\����Net Zero��

 The shift away from traditional 
hydrocarbons also leads to an 
���
	������
��	���
����	�	
����
'��	�	
������	����
�������

��
������������=���������	�����	����
�	���
����
�����
������
	����	�������
can be used as a direct substitute 
for natural gas across all sectors of 
��	�	����
����������
������	��
�
	��
�������������	����	
��	���
��
'��$%&%"����	�	
��������������
�
around 7% of primary energy in 
Rapid�������
����3%\����Net Zero��

 The uncertainties surrounding the 
	�	����������
	������	��������	�	
���
system in a net-zero world are 
������	
	�������	��	����	������

Key points
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Hydrocarbon use by scenario
Share of electricity and hydrogen 
�������
�
��
������������� ����
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������������������������

9�����
�����
����������	������������
	����������	��
in the global energy system 
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Summary

Energy demand

1�	��
�8�������������	����	
��	���


Oil and natural gas

'��	�	
����������
��	�

//A<������	�����	�	
��������	��������	�

Global energy 
system at net zero
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 ��	
	���������8��������	
�������
surrounding the structure of the global 
	�	
�������	
�������	�)�	
����
���

 The composition of energy in Net 
Zero����$%&%�
����
����	���
	�
�������>�������8����	�	
��������
������
(excluding non-combusted energy) 
�������	����3%\����	
���������Rapid��
electricity, hydrogen and bioenergy 
���	��	
�����������
��
�����L&\����
	���	�	
�����	������//A<���������
�����8�����
��	��

 '�����	
	��
	�
�
�����
���������������
������	�)�	
����
����������������	���
��	�	�	��������
����
	������	�	�	
���
system and that structure is likely to 
�������	����	����	�	�	�����	��������

	���	���	���	
���

 ��	
	��
	�@����	���B�8�	����
�	�����
uncertainty surrounding the size and 
structure of a net-zero energy system:

 Energy demand: to what extent 
������	;��	�����
�
��	
	��������
changing consumption patterns cause 
energy demand to decouple from 
	����
�������������

 1�	��
�8�������������	����	
��	���
> 
������
���
��������8����	�	
���
�����
������
������	�	�	��
�8	�"�����
��������	
	���	�	
������
�	������
technologies may be needed in a fully 
�	��
�����	�����	
��	���
�

 Other zero-carbon energy sources 
and carriers: what are the scope and 
limitations on the share of global 
	�	
�����	�������������	��
����	�����
���	�	
����������
��	��

 Oil and natural gas: what role will oil 
and natural gas play as the energy 
����	
�����	��
�����	��

 /�
���������
	������	�����	�
emission technologies: how 
�����8�����������//A<��	����
reducing carbon emissions, and 
����������	����	��������
��	�����	�
emission technologies and actions? 

 These uncertainties are discussed in 
��	�
	������������	���������	����������
is aided by considering the scenarios 
������	�������	�+�//��	��
��������
reach a net-zero energy system and 
������	
������	���
���������������
	��
across those scenarios (see pp  
3&%)3&3���
�
�
	��	����B��
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Key uncertainties surrounding the global energy system 
in a net-zero world 

����
�
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���������������������������������!"#"�

EJ
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 The nature of a net-zero energy 
system will depend importantly on 
������	
�������	>�����
����	�	
������

	=��
	����
���	��������	����
�����
continue to grow and prosper? 

 This depends partly on the extent 
to which it is possible to decouple 
energy consumption from economic 
��������"���
�����	���	
��
�
������
	�	
���	;��	����D��
����������	�
��
	������������	
���	�������
less energy – or reduced energy 
use – changing production and 
consumption patterns to make less 
�	
����������	�	�	
�������	
"�	����
through the expansion of circular and 
���
����	����
�	��

 The IPCC scenarios suggest a wide 

���	���
�8����	�����	����	�	
���
�	��		��6R%)J$%�1������	���	
���
�������
��
	�������R$&�1�����$%3L�
and with 340 EJ in Net Zero in 2050 
��������������	������
���������
���	�

 Global energy demand will also 
�	�	��������	�	=����������	�	
���
���	���������	�����������+��Net Zero, 
��	
��	�	�	
��������
�������	
�
������������	��	�	���	����
������
2050 is still more than twice that in 
emerging economies, with billions 
����	���	�����������	�	
����	8��	���
�����
�	������
	����������
	���	�
�������	=������"�	���	
���	
����	�	
���
�
���������������		��������
	��	��
�
	�	
��������
����������	�	���	��
	����
�	���������
��	
��

 If regions with energy consumption 
�	
���������	����1A��	�	������
	��	��
�������	����1A��	�	��"��������	�	
���
�	
�����������	���	
�&&\�����	
��
�����
	=��
	�����
	��	����������
around 45% if regions with energy 
�����
�������	
�������������	�
1A��	�	���
	���	����	�
���	
��	�
�����
�������	�	������1A��	�	���

 The size of the energy system will 
������	���	��	�������	�
	�����	�
�
��
����	�������	
	���	�	
���
���
�	��������

�	
���+����
������
"�
��	�����	
������
��	�����	�����
produce energy carriers such as 
electricity and hydrogen boosts 
�
�
�
��	�	
������	�
���	����
primary energy in the IPCC net-
�	
����	��
�������&&%)3$3%�1��D�
������	
�����
�
	������������8����
�����
���������	�	
����

� 1�	�������	������
���
������������
primary energy is zero carbon, 
��	���	
���������
���������	�	�	
���
����	
�������������	���������	����	
�
implications due to the competing 
�	
�������
�@����	���
��
	���
impacts of) the materials, land and 
���	
����
	=��
	��
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Global energy demand in
IPCC scenarios and Net Zero ����
�
��
����������������!"#"�

Net-zero energy system: how much energy will the world need?
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& solar
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Share of
electricity in
8����	�	
��

� *��	�)�	
��	�	
�������	
�������	���
to be characterized by a substantial 
���
	��	������	�	�	��
�8����������
	�	
��)�����
������������	�"������
the electricity generated from a 
�������	��
�����	��@�
��	���	�����	B�
���	
��	���
�

� '�����������	�	
����
��	��	��
and uses can be technically or 
	����
�������	�	��
�8	�"������
as high-temperature industrial 
processes or long-distance 
�
�����
��������+����	�+�//��	�)�	
��
scenarios, between 40-70% of end 
	�	
�����	����	�	��
�8	������Net Zero, 
�������	���	
�&%\����	���	�	
�����	�
���	�	��
�8	�����$%&%�

� *��������	��
�����	�����	
��	���
����
likely to be dominated by zero- and 
near-zero carbon energy sources, led 
by wind and solar power, together 
with nuclear, hydro and bioenergy 

and other supporting technologies to 
	���
	�
	�������������	����	

���	����
of wind and solar power means the 
cost of balancing the power sector 
is likely to increase as the share 
of wind and solar power grows, 
slowing the extent to which they 
�	�	�
��	���	����	
��	���
�

 In the IPCC net-zero scenarios, wind 
��������
����	
��
����	���	��		��
R%)L&\��������������	
��	�	
�������
In Net Zero, the share of wind and 
����
�
	���	���������	�����	�J%\����
the early 2040s after which it begins 
�������	���

� *����	
�����	
���
����	�����
wind and solar power generation is 
���	������
	=��
	���
���	�������	
	���
energies and technologies to help 
������	���	�
����	

���	�����.�
�
���
�)��
�����"�����)�
	=�	����
balancing, lasting from a few 

seconds to a few hours, this is likely 
to be met largely from a combination 
of batteries, pumped hydroelectricity 
�����	
���)���	�
	�����	���

� '�����
	������	�	��	��������	��
and actions are unlikely to be 
technically or economically feasible 
for longer-duration balancing across 

������	�����"��		��������	�������
This longer-term balancing is likely 
to be met by a combination of 
���	�	
��������
�������@�
�����B�
��
���	�������//A<�����
��	���
and hydroelectricity combined with 
����)���������
	�	
���
���+��Net Zero, 
bioenergy, natural gas with CCUS, 
���
���������
��	������	����	���
account for 30% of power 
�	�	
���������$%&%�
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Shares of electricity, wind and solar 
in IPCC scenarios and Net Zero ������
�����������
����
�����������������������$���������������
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 The use of both oil and natural gas 
in a net-zero energy system is likely 
to decline substantially from current 
�	�	���

 Oil consumption in the IPCC net-
zero scenarios declines to between 
V%)3%�!���"��
�����6%)4%\��	����
��

	����	�	����(��������
������������
to around 25 Mb/d in Net Zero by 
$%&%"����������3%�!���������	��
in the transport sector, mainly for 
long-distance transportation in 
�
������"��������������
�
��	��+�����
likely that this use in transport will 
�	����	���
��	
���	
���
	"�����	�����
�	����	���������
���
����
	��
	�
���
	��������
	����	����������	
�����	�
�	��������	������	�	
������
�	���

 Outside of transport, most of the 
remaining oil in Net Zero in 2050 is 
used in the non-combusted sector 
for petrochemical feedstock and 
���	
�������
������	���*�������������
use of oil does not lead to carbon 
emissions at the point of use – since 
the oil is not combusted – the use 
and ultimate end of life consumption 
or disposal of the products which 
the oil is used to produce, such as 
plastics, may well generate carbon 
	
����������	
���	�
����	�����	��*��"�
�	�	�����������������	���������	��
are conducted, may also lead to 
���	
�	���
��
	���������	��������
may put further pressure on oil use 
��	
���
	��

 Natural gas consumption in the IPCC 
�	�)�	
����	��
�������$%&%���
�	��
�	��		��6L%%�'�
�D���
���
����
$%3L�D�����3%%%�'�
"����	����	����
V&\��
�
���

	����	�	����+��Net Zero, 
����
�����������
�����$6%%�'�
����
$%&%��
��������	�	
�����
��������
the main sectors of the economy – 
	���	
���
	������
��������	����
��	���

� '��$%&%"��
�������
		)=��
�	
�����
the natural gas which is combusted 
in Net Zero������	�����������������
�����//A<����������
	�������	������
�
�����
��	
���	
���
	"�	���	
����
the build out of CCUS expands 
�
����	
�����	������
��	
�)��
����
energy sources become increasingly 
��������	�����
	����	�������	��
����
�������
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electricity – are likely to play an 
increasing role in a net-zero energy 
����	
�

 The use of bioenergy in the IPCC 
net-zero scenarios ranges from 40-
3&&�1����������
��
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55 EJ in Net Zero by 2050, where it 
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used in Net Zero is in the form of 
biomass, which is mainly used as 
���	����	��		������������	����	
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sector and to fuel high-temperature 
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��	��	���'����	���
account for almost another 30%, 
used largely in long-distance 
transportation, helped by their 
��
������������������	�	
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The remainder is biomethane which 
is consumed across all sectors as a 

	����	
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 The use of bioenergy in a net-zero 
energy system will depend on the 
cost and feasibility of producing 
bioenergy at scale, together with 
���	
�	���
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factors, such as the extent of 
competition with other land uses 
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is used in all sectors of the economy 
in Net Zero by 2050, especially 
in high-temperature industrial 
�
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 The production of hydrogen in Net 
Zero����$%&%����
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between green and blue hydrogen 
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 Technologies which capture 
carbon emissions or extract them 
from the atmosphere are likely to 
play a material role in a net-zero 
	���
��
	���

 In the IPCC net-zero scenarios, the 
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 CCUS can be combined with 
���	�	
���@'1//<B������	����	
�
and industrial sectors to create a 
�	�����	)	
��������	�	
������
�	��
In the IPCC net-zero scenarios, the 
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technologies are not modelled 
explicitly in Net Zero which explores 
a possible pathway in which 
the energy system almost fully 
�	��
�����	���������������8�������	�
���Q1����1�	����"���	�	�Q1���
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play an increasingly important role as 
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any continuing emissions from 

hard-to-abate sources in the energy 
system and the wider economy, 
such as agriculture, as well as any 
��	
������������	���
��������	��

 In particular, natural climate solutions 
(NCS), which includes forest and 
�	���
	���
������������
�������

��
of enhanced land management, 
�	�	
��	�	
���������������������	�
IPCC net-zero scenarios ranging 
from -3 to +7 Gt CO

2
e (where the 
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 There are other NETs, such as 
direct air capture and biochar which, 
although not explicitly included in 
Net Zero, may also play a material 
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 Rapid and Net Zero scenarios imply 
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in wind and solar power capacity 

	�����	������	���������	���	
��	�
����������	��
	�������������������
�
capacity implied by Rapid and Net 
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 The hump-shaped pattern of wind 
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new capacity in the 2020s and 30s 
before slowing markedly – may lead 
to issues of excess capacity in the 
supply chain supporting this build-
�����

 The marked decline in oil and natural 
gas demand in Rapid and Net Zero 
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and natural gas peaks and falls in 
nearly all the scenarios, the faster 
rate of decline in existing production 
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 The scenarios are based on the 
assumption that, if oil producers 
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The corresponding decline rate for 
natural gas is assumed to be slightly 
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falls in the second half of Net Zero 
is faster than the natural decline rate 
of production, implying that some of 
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 This risk may be able to be mitigated 
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 The uncertainty about the speed and 
nature of the energy transition, as 
highlighted for example by Delayed 
and Disorderly, means the option 
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of electricity and hydrogen in 
transport, and more stringent policy 
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 The share of natural gas in primary 
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pronounced shift to renewable 
energy in power generation and a 
greater substitution by electricity and 
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 The main counterpart is renewable 
energy, whose share of primary 
energy in 2040 is 7 percentage 
points higher than in last year’s 
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 It is also helpful to compare the 
scenarios in the Energy Outlook 
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Rapid can be compared with a 
sample of external outlooks which 
are broadly consistent with limiting 
global temperature rises to ‘well 
below 2oC’ as well as a range of 
corresponding IPCC scenarios (see 
���3&&���
��	�����������	���
��	����
	��	
��������������������3&%)3&3���
�

�
	��	�����������	�+�//���	��
���B�

� ��	���	
��	��
���������
�
�
��
	�	
�����	
���	��	���6%��	�
�����
Rapid is towards the bottom end 
of the range of both the sample 
of external outlooks and the IPCC 
��	��
����������
�����
����
	�	���
��	��
��������/����)34����	����
���
�������������	�	
����	
��������	�


���������	���	��
�������	������		��
updated since the pandemic, as well 
as the assumed impact of climate 
change on GDP growth in Rapid��
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renewable energy being the fastest 
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 The outlook for natural gas in Rapid 
is towards the top end of both 
scenario ranges, which may partly 
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 In terms of carbon emissions in 
2050, Rapid is towards the low end 
of the range of external scenarios 
and in line with the median IPCC 
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CCUS in Rapid is broadly in the 
middle of the spread of external 
outlooks, although below the bottom 
of the range of IPCC scenarios 
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����� is broadly in line with external outlooks, 
although weaker oil and stronger natural gas

Growth in primary energy by source, 2018-2050 CO
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Level in 2050 Shares of primary energy in 2018 and 2050 Change 2018 - 2050 (% p.a.)
2018 Rapid Net Zero BAU 2018 Rapid Net Zero BAU Rapid Net Zero BAU

Primary energy by fuel (EJ)

Total &VJ J$& J$& 725 3%%\ 3%%\ 3%%\ 3%%\ %�6\ %�6\ %�V\

Oil 34% L4 42 3V$ 33% 3R\ J�L\ 24% )$�6\ )R�J\ )%�6\

Natural gas 36L 36R L3 3LV 24% $3\ 36\ $J\ )%�3\ )3�J\ %�4\

Coal 3&L 24 3$ 3$6 27% 6�4\ 3�4\ 3V\ )&�V\ )V�L\ )%�L\

Nuclear 24 44 57 63 R�$\ V�%\ 4�3\ R�$\ 3�4\ $�V\ %�V\

#��
� 6L 57 J$ &3 J�&\ 4�3\ 4�4\ V�3\ 3�6\ 3�J\ 3�%\

�	�	����	��@�����������	��B 27 277 370 3J3 R�V\ 44% &4\ 22% V�&\ L�&\ &�V\

Primary energy by sector

Transport^ 334 3RV 3&4 3RV $3\ 24% $J\ 20% %�V\ %�4\ %�V\

Non-combusted^ 6L 44 $L 53 J�&\ V�3\ R�R\ V�6\ %�&\ )3�%\ 3�3\

'��������^ 3J4 3V4 3VV 234 $4\ $4\ $L\ 32% %�$\ %�3\ 3�%\

Industry^ 250 254 $J3 $43 43% R3\ 42% 40% %�3\ %�3\ %�&\

Of which: 

Inputs to power 245 423 RL6 6LL 43% JL\ 77% 54% 3�V\ $�$\ 3�&\

Primary energy by region

?	�	���	� 240 3V4 3LJ $3L 42% $4\ 30% 30% )%�4\ )%�L\ )%�6\

US 4& JV J4 4$ 3V\ 33\ 33\ 36\ )3�3\ )3�%\ )%�3\

EU 70 R4 R4 53 3$\ V�L\ V�L\ V�6\ )3�3\ )3�3\ )%�L\

Other 75 JR JL 73 36\ 3%\ 33\ 3%\ )%�&\ )%�6\ )%�3\

Emerging 335 445 R6L 507 &L\ V3\ 70% 70% %�4\ %�L\ 3�6\

China 36J 3R3 364 3&& 24% 23% 22% $3\ %�3\ %�3\ %�R\

India 34 75 77 LJ &�4\ 3$\ 3$\ 3$\ $�&\ $�J\ 6�%\

(��	
�*��� R3 JJ JL VJ V�3\ 33\ 33\ 33\ 3�&\ 3�J\ $�%\

Middle East 6L 40 63 53 J�J\ J�&\ &�%\ V�6\ %�$\ )%�J\ 3�3\

������ 30 27 $L 30 &�$\ R�$\ R�&\ R�3\ )%�R\ )%�$\ %�%\

'
���� 3$ 20 20 20 $�3\ 6�$\ 6�3\ $�L\ 3�&\ 3�&\ 3�J\

Other 45 VJ 75 LV V�L\ 3$\ 3$\ 3$\ 3�V\ 3�J\ $�3\

1����	������	�

^+�����	��	�	��
�������������
��	���������	�
���������	������	
���������	���

Level in 2050 Change 2018 - 2050 (% p.a.)
2018 Rapid Net Zero BAU Rapid Net Zero BAU

Primary energy by 
fuel (native units) 

Oil (Mb/d) 4V 47 24 L4 )$�$\ )R�$\ )%�6\

Q���
�������@'�
B 6LR& 6V%L $$J6 &344 )%�3\ )3�J\ %�4\

Production

Oil (Mb/d) 4V 47 LL )$�$\ )%�6\

Q���
�������@'�
B 6LJ& 6V3V 5200 )%�3\ %�4\

Coal (EJ) 3J& 30 3$% )&�$\ )3�%\

Macro

GDP (trillion US$ PPP) 3$4 $4V $4V $4V $�J\ $�J\ $�J\

Population (billions) V�J 4�V 4�V 4�V %�L\ %�L\ %�L\

GDP per capita (thousand US$) 3V 63 63 63 3�4\ 3�4\ 3�4\

Energy intensity (MJ per US$ of GDP) R�& $�3 $�3 $�R )$�6\ )$�6\ )3�4\

Net CO
2
 emissions (Gt) 66�L 4�R 3�R 6%�& )6�4\ )4�R\ )%�6\

X	��8��
	�
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Estimates of climate change on GDP growth 
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This year’s Energy Outlook attempts 
to account explicitly for the impact 
of climate change on economic 
�������������	��������	�
����������������
associated with decarbonizing the 
	�	
�������	
����	
	����������	
���	�
uncertainty in the economic and 
���	���8�����	
���
	��������������
model these impacts and so any 
	���
��	�������	�	�	�	���"�����������
those contained in the Outlook, 
are imperfect and almost certainly 
����
��	�	�����������"��	����	�����	��
that it is better to use the research that 
�����������	���������
��	�������	
������
������	���������
�����������

The economic literature on climate 
�����	������
������������=�����8	��
the relationship between climate 
�����	�	�	��������	����
������������
using climate-economy integrated 
���	��
	���
��	���@+*!�B��*�
�
	�
recent strand of empirical literature 

analyses the economic impact of 
climate change based on estimates 
of how past changes in temperature 
������	
	�����
��������	���
������	�
��	��	��U?���(�	������	��	���
�
��
�����	�������������	
���
	"�'�
�	�	������
@$%3&B���	����	�+�//��	�
	�	������	�
/���	��
���������������@�/�B�
scenarios to assess the non-linear 
impact of temperature changes on 
U?����
����3JJ������
�	�����	��8���
�����U?���	
�������������������	�
function of temperature, peaking at an 
���������	
��	��	
�	
���
	����36£/�
�����	����������
�������������	
��	�	���

��	�������
����	�	���
��	�������	�
impact from climate change on GDP 
contained in the Outlook are based 
�����	�
��	����
�
�'�
�	�	��������	�
����
	���	
�	
���
	��
�8�	���
���	��
by the three main scenarios are based 
�����	��/����	��
���������
����
����	������
���
��	���	��
��	���
�	����
�

carbon emissions from energy use in 
	���������	���	��
�����.�
�Rapid this is 
�/��$�J��Net Zero�D��/��3�4������BAU 
D��/��R�&����	�	����
����
������
from these implied temperature 
���
	��	���
	���
���	��
	�����	����
a counterfactual scenario, in which 
future temperatures are assumed to 
�	��	���������������
	�	���@34L%)$%3%B�
��	
��	��	�	���

The median climatic change impacts 
�	
��	��������'�
�	7��
	����������
suggest that, for BAU, the implied 
increase in global temperatures would 
decrease global GDP by close to 5% 
���$%&%����	�	���
��	���
��������
�
Rapid and Net Zero are somewhat 
�
���	
"�
	�	��������	����	
������
�����
����	
�����������	�
	�������
impacts are distributed according to 
��	�	��������������	�
��	
�	
���
	��

	�����	������	�������	����������
	���
��	�����'�
�	�	�������	�����������

�
	���
	����
	�����	�����

��
	����	������
	��	
�	��	��	�����	��
���������U?�"�
while colder regions could potentially 
�	�	8���
�
�
	�����	�����

	
�
�	���	
��

These climate change impacts are 
hugely uncertain and incomplete as 
��	�'�
�	�	������
�
	��
�������	��
only on temperature changes on GDP, 
and does not incorporate other climate 
�����	�	�	����@��������
�������	��
�	�	��"�
�
	��
	=�	���������
���	
�
���

�"������"��
��������
������
���������	
����B��
����	
����
�	�����
economic disruption, such as large-
����	���
���
��
�������

The mitigation costs of actions to 
decarbonize the energy system are 
������	
�����	
����"�����������8�����
��
����������
�������	
	���	��	
����
	���
��	���!����	���
��	�"����	�	
"�
suggests that these costs increase 
with the stringency of the mitigation 
	��
�"�����	�������������	���
	����	������
be bigger in Rapid and Net Zero, than 
in BAU��1���
��	���������	�������	�

+�//�@*�&�D�/����	
�JB�����	��������
for scenarios consistent with keeping 
global temperatures increases to 
�	����	����$£/"�
	�����	���
��	�����

����������������
���	��	��		��$)J\�
���������������
���������$%&%��

U��	����	����	�
���	�������	
�������
surrounding estimates of the 
economic impact of both climate 
changes and mitigation, and the fact 
that all three of the main scenarios 
include both types of costs to a 
greater or lesser extent, the Outlook 
������	�������	�������
����	�����
������
�������	�	�	�	����
	���	�U?�����$%&%�
by around 5% in all three scenarios, 

	�����	������	������	
�����������������
temperatures are held constant at 

	�	�����	
��	��	�	����

Importantly, if the scenarios were 
	��
������	���	�����$%&%"���	�'�
�	�
methodology would imply GDP 
growth and prosperity in BAU would 
�	���
��
	����	�����
�	"��	���������
�����8����������	
��	�	�������	��)�	����
than in Rapid and Net Zero��
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The global aggregate mitigation cost 
estimates in terms of GDP losses 
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uploads/2018/02/ipcc_wg3_ar5_
chapter6.pdf
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Construction of IPCC scenario sample ranges

��	���
��7�����	���8����

����������
�	�	���	������
�	
����¤���	�
��	��
���	��
	���
��	����@+*!�B������
attempt to represent interactions 
between human systems (the 
economy, energy, agriculture) and 
���
��	����	���
	�¤��
���8	�"�������	�"�
numerical approaches to represent 
enormously complex physical and 
�����������	
���@/��
�	�$%3RB����	�	�

��	������	��		����	������	�	
��	���
large number of scenarios, exploring 
�������	�����)
����
��	���
�	����
�U#U�
emissions and climatic changes under 
�����	�
���	��������
�������

��	�+��	
���	
�
	��������	�����
Climate Change (IPCC) carries out 

	����
���
�	�������������	��
���
modelling as part of its assessment 
��
�����	�
����
	�	�����
�	������
��

�	��������������
�������	�$%34�+�//�
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�����U��������

����
���3�&£/�@<�3&B��*����������R3R�
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�����
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frameworks were compiled and made 
��������	�������������	���
����(https://
data.ene.iiasa.ac.at/iamc-1.5c-explorer)�

<�
	������	���	��
�����
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dated and, in some cases, scenario 

	�������
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of line with recent historical data and 
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From the remaining model runs, we 
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detailed note on the scenario selection 

	���������������������	����www.
bp.com/energyoutlook��.�
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these two subsets of scenarios, the 

���	����������
	����
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are described in terms of medians and 
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For each of these two subsets of 
scenarios, the ranges of outcomes for 
�	����
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	��	��
��	������	
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It is important to note that the scenario 
dataset represents “an ensemble of 
opportunity” – a collection of scenarios 
������	
	���������	������	���
	������	�
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random sampling of future possibilities 
of how the world economy should 
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That means that the distributions of 
IPCC scenarios cannot be interpreted 
as reliable indicators of likelihood of 
�����
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"�
the distributions simply describe 
the characteristics of the scenarios 
�������	�������	�+�//��	��
��

The sample ranges included in the 
section ‘Global energy system at net 
�	
�7�@�		����334)363B"��
	����	�����
those IPCC scenarios in our sample 
which embody net carbon emissions 
from energy and industrial use falling 
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these scenarios, the size and structure 
of the energy system is considered at 
the point at which carbon emissions 
������	������	�3�U����
	���������	�
earliest point at which this ‘net zero’ 
state is reached in the sample of 
scenarios is around 2045 and the 
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This year’s Energy Outlook includes 
	���
��	�������	����	��
	���

	=��
	
	�����
���	����
�	���������	�
three main scenarios for upstream 
oil and natural gas, renewables and 
carbon capture use and storage 
@//A<B�

Oil and gas investment
Upstream oil and natural gas capital 
expenditure (excluding operating costs) 
�
�8�	�����	���������	���
		�
����
scenarios are calculated based on the 
���	��
	���
	=��
	�������������������
���	���	�	�����
		����	����
������
between estimates of the demand for 
oil and natural gas and a hypothetical 
supply of oil and natural gas where no 
�	�����	��
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�����	����	�
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up to 2050 for oil and natural gas is 
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The hypothetical supply baselines 
for oil and natural gas assume that 
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sanctioned (up to almost 7 Mb/d by 
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dispatchable assets needed to meet 
the oil and gas shortfalls in our three 
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added to the capex of the producing 
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Investment in wind and solar 
energy, and CCUS

For wind and solar energy, the 
deployment rate of each technology 
���	������	��
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based on their historical costs and 
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of solar and wind energy are broadly 
aligned with their historical learning 
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For carbon capture and storage, the 
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hydrogen, power sector, chemical 
sector, fertilizers – is taken from a 
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particular, the cost of transportation 
and storage of carbon emissions 
��������
���	��		��
	������������	
�
��
	�

References 

�������1�	
��7��A/��	��������
����
	�
��������	"�*������$%$%

 



Annex
154   |

?	8��������������������
�	�

Data 

 Unless noted otherwise, data 
�	8���������
	����	�������	�'��
<������������	��	�������
���1�	
��

� *�����
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scenarios from IPCC and other 
	�	
�����
	����	
�"����	��		��
rebased to be consistent with the bp 
<������������	��	�

 Primary energy comprises 
commercially-traded fuels, and 
excludes traditional biomass 

� ��	��
�
�
��	�	
�������	�����
nuclear, hydro and electricity from 
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electricity in a thermal power station, 
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����"��������	���
���8	��

����
�����������	;��	���������
���
	��	����	�
������R&\����$%&%��
For more information see https://
www.bp.com/content/dam/bp/
business-sites/en/global/corporate/
pdfs/energy-economics/statistical-
review/methodology-for-converting-
non-fossil-fuel-primary-energy.pdf

 Gross Domestic Product (GDP) 
is expressed in terms of real 
Purchasing Power Parity (PPP) at 
$%3&��
��	�

Sectors 

 Transport includes energy used in 

���"�
�
��	"�
�����������������

 Industry includes energy combusted 
���
��������
����������
����������	�
energy industry including pipeline 
�
�����
���������
��
�����

������
processes outside of power 
generation 

 Non-combusted includes fuel that 
is used as a feedstock to create 
materials such as petrochemicals, 
lubricant and bitumen 

� '���������������	��	�	
�����	�����
residential and commercial building, 
�������
������
	"�8����������+1*7��
���)��	��8	���	���
�¤(��	
��

 Power includes inputs into power 
generation (including combined heat 
and power plants) 

Regions 

 OECD is approximated as North 
*
	
���������1�
��	������(1/?�
*����

 China refers to the Chinese Mainland 

� (��	
�*����������	�����������
�	������

	������������)(1/?�*����	���������
mainland China and India 
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Fuels, energy carriers, 
carbon and materials

 Oil unless noted otherwise includes: 
crude (including shale oil and oil 
�����B������
���������=�����@QU9�B��
���)��)��=�����@U�9�B������)��)��=�����
@/�9�B������	����	�������
	8�	
��
gains 

� 9�=�����������	������������������
biofuels

� �	�	����	�����	������	
���	����	��
includes wind, solar, geothermal, 
biomass, biomethane and biofuels 
and excludes large-scale hydro

 Non-fossils includes renewables, 
nuclear and hydro

� #��
��	���	
����������	������
consumption in transport, industry, 
buildings and power, but does 
not include the demand as a non-
combusted feedstock (such as use 
for fertilizer or methanol production)

 Gas includes natural gas and 

biomethane

� �	�	
	��	�������
����	
��������
consider only CO

2
 emissions from 

fuel combustion 

� ���������������	�������	����8�
	�

Data sources used to 
compare with Rapid

� 1=����
>��	�	����<�	��
��"�Energy 
Perspectives 2019"����	�$%34

� +1*>�<���������	�?	�	���
	���
Scenario, International Energy 
Agency, World Energy Outlook 2019, 
��
��"�.
���	"�Q��	
�	
�$%34�

� +#<�!�
���>�Accelerated Carbon 
Capture and Storage and Multitech 
Mitigation: IHS Markit 2020 low 
emission cases, January 2020

 Shell: Sky Scenario,�.	�
��
��$%3L

Other key data sources

� '��������"�bp Statistical Review of 
World Energy, London, United 
Kingdom,����	�$%34

� +��	
���������1�	
���*�	���"�Energy 
Balances of Non-OECD Countries, 
��
��"�.
���	"�$%34

� +��	
���������1�	
���*�	���"�Energy 
Balances of OECD Countries, Paris, 
.
���	"�$%34

 United Nations, Department of 
1����
�������<������*���
�"�
�����������?��������@$%34B��World 
Population Prospects 2019, Online 
1���������	���3



Annex
156   |

Disclaimer

This publication contains forward-looking 
statements – that is, statements related to 
����
	"����������	�	����������
��
�����	���
These statements may generally, but 
����������"��	���	���8	�������	���	����
words such as ‘will’, ‘expects, ‘is expected 
��7"����
�7"��������7"��
��7"�����	����	7"�����
���	�����7"�����	���7"���	��	�	�7"����������	�"�
������7"���	��		7��
���
���
�	��
	��������
In particular, the following, among other 
statements, are all forward looking in 
nature: statements regarding the global 
energy transition, increasing prosperity and 
�������������
��������	��	�	���������
���
and emerging economies, expansion 
of the circular economy, urbanization 
and increasing industrialization and 
�
����������"�	�	
����	
���"������
������
�������	��"��
�����������	�/�
�����
���
pandemic, the global fuel mix including 
its composition and how that may change 
��	
���
	�����������	
	�������������
�
scenarios, the global energy system 
�������������	
	������������������	��
����
and how it may be restructured, societal 
preferences, global economic growth 

including the impact of climate change 
on this, population growth, demand for 
passenger and commercial transportation, 
	�	
���
�
�	��"�	�	
���	;��	���"��������
measures and support for renewable 
energies and other lower-carbon 
���	
�����	�"����
�	�����	�	
��������������
�
��������"��	�������������	�	���
	���"�
trade disputes, sanctions and other 
matters that may impact energy security, 
������	��
����������
����	
���������
.�
��
�)������������	
	����������	�
�����
and uncertainties because they relate to 
	�	���"������	�	��������
��
�����	�"�
�����������
�
�������
������	�����
	��*������
�����
	��
������	
�
��	
�������
�
�
those expressed in such statements 
�	�	�������������
�	�����������
�"�
���������>���	���	��8�������
����	���8	��
in the discussions expressed in such 
����	
	������
������������"��	
��������
�
�����������������������������	�	
���	����
���
�������������	
��
�����������	����	����
����
	������
���	�	���
	������������������
����	���	��������	�������
���������	
��
�������	
�	��	���	
���������������
��

�������������	

�
��
��
��������	���������
health situations including the impacts 
of an epidemic or pandemic and other 
�����
���������	��������������������������
disclaims any obligation to update this 
publication or to correct any inaccuracies 
������
����	��
	�����
	����Q	���	
�'��
���������
��������������������
�	��@��
��������
��	�
�
	��	����	��;�	
�"�	
����		������
agents) accept liability for any inaccuracies 
or omissions or for any direct, indirect, 
��	����"�����	=�	�������
����	
�����	��
�
���
��	�����������	�	
����������
����
connection with this publication or any 
����

�������������	��������
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