
The World Energy Transitions Outlook IRENA 2021: an opportunity for Italian Scientists• Virtual • 16 July 2021

Decarbonising end-use sectors

Ricardo Gorini, Senior Programme Officer, Innovation and Technology, IRENA



Net zero emissions by mid-century: the World transformed

• Baseline emissions 
continue to rise, while the 
policies of governments 
(Planned Energy Scenario) 
result in flatlining of 
emissions

• For the 1.5°C climate 
target, global CO2 
emissions need to drop to 
net zero by 2050

• Steepest decline 
necessary over the next
10 years – 2020 must be 
the decade of action
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All options are important in the mitigation effort
• The energy transition requires changes

on the supply side and on the demand
side. Significant acceleration is needed
across a range of sectors and
technologies

• In industry, renewable electricity and
bioenergy, clean hydrogen and carbon
dioxide (CO2) management solutions
such as carbon capture and storage (CCS)
and bioenergy with CCS (BECCS) play an
important role.

• In the transport sector, direct
electrification dominates cars and
commercial road vehicles while ammonia
from green hydrogen and renewable
methanol dominate shipping.

• In the buildings sector, eletrification with
renewables and efficiency dominates.
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CO2 emissions abatement options between the 1.5°C Scenario and PES in 
industry, transport and buildings sectors. 



Total final energy consumption and CO2 emissions in buildings

• Energy efficiency is key: Despite an 
additional 1 billion new households by 
2050, overall energy consumption in 
buildings in 2050 would decline 14% 
compared to 2018.

• Electrification will continue to play a 
critical role: By 2050, electricity 
consumption doubles and reaches a 
share of 73%. 

• Inefficient heating and cooking 
practices must be replaced with clean, 
efficient, modern systems. Solar 
thermal systems would see significant 
growth and play an important role in 
some regions. 

• By 2050, direct CO2 emissions in the 
sector would reach zero



Buildings: Indicators of progress – status in 2018 and targets for 2030 and 2050

By 2050, buildings will increasingly be smart, inter-connected, highly energy efficient and powered and heated 
predominantly by renewable energy.



Buildings: Energy transition investments and emission reductions

Energy transition investments Emission reductions in 2050

• To achieve this radical transition, USD 1.1 trillion per year will need to be invested in the sector in the period to 2050, 
building retrofits, smart home and energy efficiency investments make up the bulk of the investment needs (USD 963 billion 
per year). 

• Electrification measures would be responsible for 46% of total CO2 reductions in the sector followed by energy efficiency 
improvements contributing to 38%, direct use of renewables for 15% and hydrogen for the remainder.



Total final energy consumption and CO2 emissions in Transport

• Accelerated electrification and an associated 
deployment of charging infrastructures: The share of 
electricity in final energy consumption would rise 
from 1% in 2018 to 49% by 2050. The stock of electric 
cars would rise from 10 million today to over 380 
million by 2030 and 1 780 million by 2050; the stock 
of electric trucks would rise to 28 million by 2050. 

• Scaling up the adoption of renewable fuels: Total 
liquid biofuel production would contribute to 25% of 
the overall energy demand in the transport sector 
compared to today’s levels (3%); as well as a mixture 
of clean hydrogen and its derivatives providing 
around 21% of the fuel mix.

• A combination of energy efficiency measures along 
with behavioural changes and low-carbon 
approaches would reduce transport consumption 
from 121 exajoules (EJ) in 2018 to close to 94 EJ by 
2050.

• By 2050, direct CO2 emissions in the sector would 
decline from 8.2 GtCO2 in 2018 to 0.4 GtCO2 in 2050



Transport: Indicators of progress – status in 2018 and targets for 2030 and 2050

With the global demand for transport services expected to increase in future years, it is crucial to sustainably transform the 
sector and advance towards a zero carbon sector

• By 2050 the share of renewables in the transport sector needs to 
grow to 82% from 11% in 2018.

• Electric vehicles account for more than 80% of all road transport 
activity by 2050 (88% of the technology mix in light-duty vehicles and 
70% in heavy-duty vehicles). To meet these targets, close to a third of 
all light-duty vehicle sales and a fifth of truck sales over the current 
decade to 2030 should be electric. Electrification also has a role to 
play in the deeper decarbonisation of the rail sector.

• Renewable power based fuels would account for around 11% of the 
final energy consumption of land-based transport by 2050. 

• For the aviation sector, the use of biojet fuels would comprise 47% 
of the total fuel consumption, or around 204 billion liters of biofuels 
produced in 2050.  

• Liquefied natural gas as a transition fuel in the international shipping 
sector would comprise 7% in 2030, but by 2050, investments in low-
carbon fuel and ships would see ammonia, methanol and hydrogen 
composing almost 60% of the fuel mix.



Transport: Energy transition investments and emission reductions

Energy transition investments Emission reductions in 2050

• USD 375 billion per year on average will be needed over the next three decades for measures including deploying charging 
infrastructure for electric vehicles, liquid biofuels production and greater energy efficiency. 

• Electrification measures will be responsible for 41% of total CO2 reductions in the sector, followed by energy efficiency 
improvements contributing 27%, hydrogen and its derivative fuels contributing 26%, and biofuels and biogas contributing the 
remainder. 

Note: Electric cars, the related battery manufacturing plant, lithium mines etc. are not counted as energy transition investments.



Total energy consumption and CO2 emissions in industry

• Circular economy practices and structural changes
would avoid substantial increase in industrial energy 
consumption by 2050. 

• Electricity would make up around 26% of the sector’s 
energy demand, followed by hydrogen providing 
22% and 20% from bioenergy.

• The use of hydrogen and synthetic fuels and 
feedstocks in industry would climb to over 38 EJ by 
2050.

• Biomass will play a significant role, requiring over 36 
EJ of biomass by 2050, up from 8 EJ in 2018.

• In 2050, around 4.5 GtCO2 would be captured by 
BECCS and CCS in industry

• As a result, the industrial sector would see significant 
reductions in CO2 emissions, from 5.4 GtCO2 in 2018 
to around 0 by 2050 (i.e., net negative)

Note: The figure includes energy demand for non-energy uses, coke oven, blast furnace, chemicals fuels and feedstocks along with industry co-generation. 



Industry: Indicators of progress – status in 2018 and targets for 2030 and 2050

Reaching zero emissions across the industrial sectors will require 
radical shifts in how materials are produced, consumed and 
disposed.



Industry: Energy transition investments and emission reductions

Energy transition investments Emission reductions in 2050

• Investment in energy transition technologies in industry would have to increase significantly, amounting to USD 14.5 trillion
over the period to 2050 or on average USD 486 billion per year. 

• Renewables and energy efficiency would contribute 39% of total mitigation needs in 2050, while hydrogen and electricity 
combined contribute 27%. The remaining emission reductions would be contributed by CCS (20%) and BECCS and other CO2 
removal measures.



Thank you!
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