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            Abstract
Cost degression in photovoltaics, wind-power and battery storage has been faster than previously anticipated. In the future, climate policy to limit global warming to 1.5–2 °C will make carbon-based fuels increasingly scarce and expensive. Here we show that further progress in solar- and wind-power technology along with carbon pricing to reach the Paris Climate targets could make electricity cheaper than carbon-based fuels. In combination with demand-side innovation, for instance in e-mobility and heat pumps, this is likely to induce a fundamental transformation of energy systems towards a dominance of electricity-based end uses. In a 1.5 °C scenario with limited availability of bioenergy and carbon dioxide removal, electricity could account for 66% of final energy by mid-century, three times the current levels and substantially higher than in previous climate policy scenarios assessed by the Intergovernmental Panel on Climate Change. The lower production of bioenergy in our high-electrification scenarios markedly reduces energy-related land and water requirements.
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                    Fig. 1: Key characteristics of renewables-based electrification and conventional scenarios.[image: ]


Fig. 2: Evolution of energy prices at the secondary energy level.[image: ]


Fig. 3: Energy supply system developments in 1.5C-Elec scenario.[image: ]


Fig. 4: Final energy demand and energy services in electrification scenarios.[image: ]


Fig. 5: Economic and environmental implications.[image: ]
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Extended data

Extended Data Fig. 1 Sectoral electrification shares in 2050.
Electrification shares in the transport, buildings and industry sectors in 1.5C-Elec and WB2C-Elec compared to overall electrification and electrification in corresponding IPCC SR15 scenarios.


Extended Data Fig. 2 Fossil carbon intensity of electricity and non-electric fuels (incl. hydrogen).
Fossil carbon intensity excludes negative emissions from BECCS. Thick solid and dashed lines indicate scenarios from this study, thin lines and shading corresponding SR15 scenarios. In all scenarios, the fossil carbon intensity of electricity declines much faster than the fossil carbon intensity of non-electric fuels.


Extended Data Fig. 3 Gross residual fossil emissions and carbon dioxide removal.
Sectoral residual fossil CO2 (that is, not accounting for negative emissions from BECCS) emissions from the electricity supply, non-electric supply, transport, buildings and industry sectors (positive emissions). Carbon dioxide removals from BECCS (bioenergy with CCS) and DACCS (direct air carbon capture and storage) are displayed as negative emissions. Emissions from land use, land use change and forestry (LULUCF) are currently net positive but turn net negative in some periods and scenarios.


Extended Data Fig. 4 Sankey diagram of energy system flows in 2050 in 1.5C-Elec scenario.
Energy flows are given in units of EJ per year and describe secondary energy generation by primary energy input (left to middle), and final energy provision by energy carrier (middle to right).


Extended Data Fig. 5 Regional Energy Systems in 2050.
Shares of (a) sectors and energy carriers in final demand, (b) technologies in electricity generation, (c) primary energy supply across model regions.
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