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Section 4 | Positive tipping points in technology, economy and society
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Summary
V��ĭÌ�¿¿�¯�ĭ�à¯v®��Æĭ�¯ĭÚ�¯�ĭv¯�ĭÆµ©vÂĭ¿µÚ�Âĭ�Â�vÌ�ĭ¿µÌ�¯Ì�v©ĭ�µÂĭ�vÆ�v��¯�ĭ�ā��ÌÆĭÌµĭ�¯�Â�àĭ��®v¯�ĭ
sectors, including household energy demand. These most likely start with shift actions and adoption of 
�µÏÆ��µ©�ľÆ�v©�ĭ�vČ�Â��Æĭv¯�ĭ��vÌĭ¿Ï®¿Æįĭ1�àĭ�¯v�©�ÂÆĭvÂ�ĭÆÌÂµ¯�ĭÂ��Ï©vÌ�µ¯Æĭ�¯��¯Ì�Ù�Æ�¯�ĭÂ��Ï�Ì�µ¯Æĭ
�¯ĭ��®v¯�ĭv¯�ĭÆ�Č�¯�ĭ®�¯�®Ï®ĭ�ā����¯�àĭ©�Ù�©Æĭ�µÂĭ�Ï�©��¯�Æĭv¯�ĭv¿¿©�v¯��Æįĭd��©�ĭÌ��Â�ĭ�Æĭ�Ù���¯��ĭµ�ĭ
Æ¿�©©µÙ�ÂÆĭÌµĭ®µÂ�ĭ�¯Ù�Âµ¯®�¯Ìv©©àĭ�Â��¯�©àĭ���vÙ�µÏÂİĭÌ��ĭ�ßÌ�¯Ìĭµ�ĭÌ��Æ�ĭv¯�ĭÌ��ĭ§�àĭ©�Ù�Âv��ĭ¿µ�¯ÌÆĭ
present a knowledge gap. Moreover, these behavioural feedback loops require strong additional policy 
ÆÏ¿¿µÂÌĭÌµĭŌ®v§�ĭÌ��®ĭÆÌ��§ōįĮ

1�àĭ®�ÆÆv��ÆĮ
• For many countries the power sector has recently passed a tipping point in which the declining price of 
Â�¯�Úv�©�ĭ�©��ÌÂ���ÌàĭÆÏ¿¿©àĭ�ÆĭÂ��¯�µÂ��¯�ĭ�ß¿µ¯�¯Ì�v©ĭ�ÂµÚÌ�İĭÚ�Ì�ĭµÙ�Âĭėďĭ¿�Âĭ��¯Ìĭµ�ĭ¯�Úĭ�©��ÌÂ���Ìàĭ
generation in 2022 being solar and wind.

• Fast growth and declining price in renewable electricity supply is driving social tipping in the electricity 
system, as shown in the uptake of EVs, PV or heat pump systems and interactions between them.

• L��Ï��¯�ĭ�¯�Â�àĭ��®v¯�ĭ�àĭ���¯Ì��à�¯�ĭµ¿Ì�µ¯ÆĭÌµĭvÙµ��ĭ�¯�Â�àľ�¯Ì�¯Æ�Ù�ĭv�Ì�Ù�Ì��ÆİĭÆ���Ì�¯�ĭÌµĭ©�ÆÆĭ
�¯�Â�àľ�¯Ì�¯Æ�Ù�ĭv�Ì�Ù�Ì��Æĭv¯�ĭ�®¿ÂµÙ�¯�ĭ�¯�Â�àĭÆ�ÂÙ���ĭ�ā����¯�àĭ�v¯ĭv���©�ÂvÌ�ĭ���vÂ�µ¯�ÆvÌ�µ¯ĭµ�ĭÌ��ĭ
energy system.

Recommendations
•  ÏÂÌ��Âĭ�µÆÌ�Âĭ�©�v¯ĭ�¯�Â�àĭÌ���¯µ©µ�àĭ��Ù�©µ¿®�¯Ìĭv¯�ĭ��āÏÆ�µ¯ĭÚµÂ©�Ú���İĭ�Æ¿���v©©àĭ�¯ĭ�®�Â��¯�ĭ

markets.

• �¯v�©�ĭ¿µÆ�Ì�Ù�ĭÌ�¿¿�¯�ĭ¿µ�¯ÌÆĭ�¯ĭÌ��ĭv�µ¿Ì�µ¯ĭµ�ĭ¯µÙ�©ĭÌ���¯µ©µ���ÆĭłÆ���Ìĭv¯�ĭ�®¿ÂµÙ�Ńĭv¯�ĭ���vÙ�µÏÂÆĭ
łvÙµ��ŃĭÚ�Ì�ĭÆÌÂµ¯�ĭÂ��Ï©vÌ�µ¯ÆĭÌ�vÌĭ�¯��¯Ì�Ù�Æ�ĭ��®v¯�ĭÂ��Ï�Ì�µ¯Æį

• P�Ìĭ®�¯�®Ï®ĭ�ā����¯�àĭ©�Ù�©Æĭ�µÂĭ�Ï�©��¯�Æĭv¯�ĭv¿¿©�v¯��ÆįĮ

• �¯�µÏÂv��ĭ®Ï��ľ¯�����ĭÂ�Æ�vÂ��ĭµ¯ĭ�Ù���¯��ĭµ�ĭÆ¿�©©µÙ�ÂÆĭ�Âµ®ĭµ¯�ĭÌµĭ®µÂ�ĭ�¯Ù�Âµ¯®�¯Ìv©©àĭ�Â��¯�©àĭ
behaviours and how to enable such spillovers.

• '®¿©�®�¯ÌĭÆÌÂµ¯�ĭv���Ì�µ¯v©ĭ¿µ©��àĭÆÏ¿¿µÂÌĭ�µÂĭ���vÙ�µÏÂv©ĭ�����v�§ĭ©µµ¿ÆĭÌµĭŌ®v§�ĭÌ��®ĭÆÌ��§ōį
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Section 4 | Positive tipping points in technology, economy and society

4.3.1.1 Introduction
The goal of energy systems is to provide energy services to end 
users. The main energy uses are for heat and electricity in industry 
v¯�ĭ�Ï�©��¯�Æĭv¯�ĭ�µÂĭÌÂv¯Æ¿µÂÌĭłēįĒįđŃįĭV��ĭ�¯�ÏÆÌÂ�v©İĭÂ�Æ���¯Ì�v©ĭv¯�ĭ
transport sectors together account for 70 per cent of the total global 
electricity consumption in 2019, and these sectors also are responsible 
�µÂĭv¿¿Âµß�®vÌ�©àĭĕďĭ¿�Âĭ��¯Ìĭµ�ĭÌ��ĭÚµÂ©�Ú���ĭ�vÂ�µ¯ĭ��µß���ĭł�?2Ńĭ
�®�ÆÆ�µ¯ÆĭłIEA, 2021a, IEA, 2023aŃįĭV��ĭ���vÂ�µ¯�ÆvÌ�µ¯ĭµ�ĭÌ��ĭ�¯�Â�àĭ
ÆàÆÌ�®ĭ�Æĭvĭ§�àĭ�Â�Ù�Âĭµ�ĭµÙ�Âv©©ĭ���vÂ�µ¯�ÆvÌ�µ¯ĭ�āµÂÌÆįĭ�¯�Â�àĭ
ÆàÆÌ�®ÆĭvÂ�ĭÆµ��µľÌ���¯��v©ĭÆàÆÌ�®ÆĲĭÌ��àĭ�µ¯Æ�ÆÌĭµ�ĭÌ��ĭÌ���¯µ©µ���Æĭ
that generate energy and convert and deliver this energy to end 
users, but also of the actors and institutions that perform and govern 
these tasks. Within energy systems, the subsystems that can undergo 
tipping dynamics can be found in technologies, but also in social 
ÆàÆÌ�®ÆĭÚ��¯ĭv�ÌµÂÆĭv¯�ĭ�¯ÆÌ�ÌÏÌ�µ¯Æĭ��v¯��ĭ��®v¯�ĭ¿vČ�Â¯Æĭł!��©Æİĭ
2023ŃįĮ

Most consideration of tipping dynamics in energy systems concerns 
Ì��ĭ¿Â���ĭ¿�Â�µÂ®v¯��ĭµ�ĭ��ā�Â�¯ÌĭÌ���¯µ©µ���Æĭł?Čµĭ�Ìĭv©įİĭđďđď; 
Sharpe and Lenton, 2021; Meldrum et al., 2023Ńįĭ�µÆÌľ¿vÂ�Ìàĭ�vÆĭ
���¯ĭÂ�v����ĭv¯�ĭ�ß������ĭ�¯ĭ®v¯àĭÂ���µ¯Æĭ�¯ĭvĭŌ¯�Úľ�µÂľ¯�Úōĭ
comparison of energy generation from wind and solar, versus 
incumbent fossil fuel generation, with the majority of new installed 
capacity in 2022 being renewable ł'��İĭđďđđv; IRENA, 2023Ńįĭ
In OECD countries, the resulting fast growth in wind and solar 
generation capacity has led to a reduction in fossil fuel demand in 
the electricity production, but not globally, as other nations increased 
�µÆÆ�©ĭ�Ï�©ĭ��®v¯�ĭłIEA, 2021b; OurWorldInData, 2022ŃįĭL�¯�Úv�©�ĭ
energy generation sometimes faces curtailment and the mismatch of 
renewable supply with energy demand slows down replacement of 
�µÆÆ�©ĭ�Ï�©ÆİĭÚ����ĭ��¯�ĄÌĭ�Âµ®ĭÌ���Âĭ�¯�Ï®��¯Ìĭ¿µÆ�Ì�µ¯įĭV��ÆĭÆ�µÚÆĭ
Ì�vÌĭ��µ¯µ®��ĭÌ�¿¿�¯�ĭ¿µ�¯ÌÆĭv©µ¯�ĭvÂ�ĭ¯µÌĭÆÏā����¯ÌĭÌµĭÂ�v©�Æ�ĭÂv¿��ĭ
���vÂ�µ¯�ÆvÌ�µ¯įĭ
�©µÚİĭÚ�ĭ�ß¿©µÂ�ĭ�µÚĭÌ��ĭÌ�¿¿�¯�ĭ�à¯v®��Æĭ�¯ĭÚ�¯�ĭ
and solar technology may initiate further positive tipping in the energy 
ÆàÆÌ�®İĭv¯�ĭÚ�ĭÌµÏ��ĭÏ¿µ¯ĭÚ�vÌĭÌ��Æĭ®�v¯Æĭ�µÂĭ�µv©ľ�¯Ì�¯Æ�Ù�ĭÂ���µ¯Æĭ
ł
µßĭēįĒįđŃĭv¯�ĭÚ�Įĭ�¯Ù�ÆÌ��vÌ�ĭv�Ùv¯��ÆĭÂ�©�Ùv¯Ìĭ�µÂĭ�¯�ÏÆÌÂàĭł
µßĭ
ēįĒįđŃį

4.3.1.2 Fast growth in renewable electricity supply drives 
social tipping in the energy system
Cost reductions in renewable generation technologies like wind energy 
v¯�ĭÆµ©vÂĭ¿�µÌµÙµ©Ìv��ÆĭłIcŃĭ�vÙ�ĭ���¯ĭ®Ï��ĭ�vÆÌ�ÂĭÌ�v¯ĭ¿Â����Ì��įĭ
Renewables are now among the cheapest electricity generation 
µ¿Ì�µ¯ÆĭłHaegel et al., 2019; IRENA, 2022a; IRENA, 2022bŃį

For wind and solar energy generation, the main reinforcing 
feedbacks that created these tipping dynamics are cost reduction 
and performance improvements through investment in research and 
��Ù�©µ¿®�¯Ìİĭ©�vÂ¯�¯�ľ�àľ�µ�¯�ĭv¯�ĭ��µ¯µ®��Æĭµ�ĭÆ�v©�İĭ©�v��¯�ĭÌµĭ
more deployment and, in turn, to more learning and price reduction.

ĭłSharpe and Lenton 2022; Kavlak et al., 2018, 9�®�Ìĭv¯�ĭ!Â��¯�İĭ
2022ŃįĭV��ĭ!�Â®v¯ĭ����ľ�¯ĭÌvÂ�āĭ�µÂĭÂ�¯�Úv�©�Æĭ��Æ�ÏÆÆ��ĭ�¯ĭēįđįĐĭ
was historically an enabling condition for a positive tipping point in 
Ì��ĭÆµ©vÂĭIcĭÆ��ÌµÂĭł?Čµĭ�Ìĭv©įİĭđďđď; Clark et al., 2021Ńįĭ8µÂ�µÙ�Âİĭ
®vÂ§�ÌÆĭvÂ�ĭÆÌ�©©ĭ�ß¿v¯��¯�ĭvÆĭ¿�Â�µÂ®v¯��ĭ�®¿ÂµÙ�®�¯ÌÆĭ®v§�ĭ
Ì��ĭÌ���¯µ©µ�àĭvČÂv�Ì�Ù�ĭÌµĭvĭÚ���ÂĭÂv¯��ĭµ�ĭÏÆ�ÂÆįĭ�ÆĭvĭÂ�ÆÏ©Ìĭµ�ĭ
these technological improvements and cost reductions, renewable 
generation is increasingly possible in locations where wind or sun 
�µ¯��Ì�µ¯ÆĭvÂ�ĭ©�ÆÆĭ�vÙµÏÂv�©�įĭV��ĭ�ß¿µ¯�¯Ì�v©ĭ�ÂµÚÌ�ĭµ�ĭµāÆ�µÂ�ĭ
Ú�¯�ĭ¿µÚ�Âĭ�¯ĭÌ��ĭ9µÂÌ�ĭP�vĭłDrummond et al., 2021; !��©Æĭv¯�ĭ
Ayoub, 2023Ńĭv¯�ĭÌ��ĭ�¯�Â�vÆ�¯�ĭvČ�¯Ì�µ¯ĭ�µÂĭąµvÌ�¯�ĭÆµ©vÂĭłKarimirad 
et al., 2021; Pouran et al., 2022Ńĭ�©©ÏÆÌÂvÌ�ÆĭÌ��ÆįĭL�¯�Úv�©�ĭ�¯�Â�àĭ
��¯�ÂvÌ�µ¯ĭ�µÏ¿©��ĭÚ�Ì�ĭ�vČ�ÂàĭÆÌµÂv��ĭ�Æĭ�ß¿��Ì��ĭÌµĭÂ�v��ĭ�µÆÌĭ
parity compared to power generation from natural gas in the near 
�ÏÌÏÂ�İĭ��ĭ�Ìĭ�vÆĭ¯µÌĭ�µ¯�ĭÆµĭv©Â�v�àĭłMeldrum et al., 2023ŃİĭvÆĭ�vČ�Âàĭ
costs are driven down by the growing electric vehicle industry, further 
�¯�v¯��¯�ĭÌ��ĭ�µ®¿�Ì�Ì�Ù�¯�ÆÆĭµ�ĭÂ�¯�Úv�©�ÆĭÚ�Ì�ĭ�µÆÆ�©ĭ�Ï�©ÆįĮ

V��ĭ�µÆÌľ¿�Â�µÂ®v¯��ĭ�����v�§ĭ©µµ¿ĭ�ÆĭÌ��ĭ®v�¯İĭ�ÏÌĭ¯µÌĭÌ��ĭµ¯©àİĭ

feedback driving the tipping dynamics for wind and solar. For 
�¯ÆÌv¯��İĭÌ��Â�ĭ�Æĭ�Ù���¯��ĭ�µÂĭÆµ��v©ĭ�µ¯Ìv��µ¯ĭ�¯ĭÌ��ĭ��āÏÆ�µ¯ĭµ�ĭ
rooftop solar PV, which is typically clustered in space where people 
are more likely to adopt when people nearby also have adopted 
ł!Âvå�v¯µĭv¯�ĭ!�©©�¯��v®İĭđďĐĔ; van der Kam et al., 2018ŃįĭV��Æĭ
ÆÏ���ÆÌÆĭÌ�vÌĭÌ���Âĭ��āÏÆ�µ¯ĭ�Æĭ¿vÂÌ©àĭvĭÆµ��v©ĭ¿Âµ��ÆÆĭ�¯ąÏ�¯���ĭ�àİĭ
�µÂĭ�ßv®¿©�İĭobservability, trialability, and word-of-mouthĭłLµ��ÂÆİĭ
đďďĒŃĭv¯�ĭsocial comparisonĭłBergquist et al., 2023ŃįĮ

Another reinforcing feedback loop stems from policy interactions, 
whereby policy creates legitimacy and new interests, leading to 
�¯�Â�vÆ��ĭ©µ��à�¯�ĭv¯�ĭÆÏ¿¿µÂÌĭ�µÂĭ¿µ©��àĭłRoberts et al., 2018; 
Meckling, 2019; Rosenbloom et al., 2019; Sewerin et al., 2020Ńįĭ
 ÏÂÌ��ÂİĭÆÌÂµ¯�ĭ¿Âµľ�¯Ù�Âµ¯®�¯Ìĭ¿µ©����Æĭ®vàĭ�¯��¯Ì�Ù�Æ�ĭĄÂ®Æĭ
ÌµÚvÂ�Æĭ®µÂ�ĭLv¯��ĭv¯�ĭ�¯¯µÙvÌ�µ¯İĭÌ��Â��àĭ�ß¿v¯��¯�ĭ�¯�ÏÆÌÂ�v©ĭ
Æ��ÌµÂÆĭ�µÂĭ©µÚľ�vÂ�µ¯ĭÌ���¯µ©µ���Æįĭ'¯ĭÌ��ÆĭÚvàİĭ¿Ï�©��ĭµ¿�¯�µ¯ĭ
®vàĭv©Æµĭ�¯�Â�vÆ�ĭÆÏ¿¿µÂÌĭv¯�ĭv���¿Ìv¯��ĭ�µÂĭ¯�Úĭ©µÚľ�vÂ�µ¯ĭ
technologies, increasing pressure on policymakers in creating goals 
v¯�ĭÆÌÂvÌ����Æĭ�µÂĭvĭ®µÂ�ĭÆÏÆÌv�¯v�©�ĭÆµ���Ìàĭł!��©Æĭv¯�ĭ�àµÏ�İĭ
2023Ńį

PµÏÂ��Æĭµ�ĭ�v®¿�¯�¯�ĭ�����v�§Æİĭ©µ�§ľ�¯ĭv¯�ĭ¿vÌ�ľ��¿�¯��¯��ĭ
µ�ĭ�µÆÆ�©ĭ�Ï�©ľ�vÆ��ĭ�¯�Â�àĭÆàÆÌ�®Æĭ�¯�©Ï��ĭ�¯�Â�àĭ�¯�ÂvÆÌÂÏ�ÌÏÂ�Æİĭ
Ì���¯µ©µ���Æĭv¯�ĭ�¯ÆÌ�ÌÏÌ�µ¯ÆĭłKöhler et al., 2019ŃįĭV��Æ�ĭ�v¯ĭ��Â��Ì©àĭ
��¯��ÂĭÌ��ĭ���vÂ�µ¯�ÆvÌ�µ¯ĭµ�ĭÌ��ĭ�¯�Â�àĭÆàÆÌ�®ĭÌ�ÂµÏ��ĭ�ß�ÆÌ�¯�ĭ
standards and resistance from incumbents and vested interests. 
Indirectly, the availability of cheap energy has stimulated demand 
�µÂĭ�¯�Â�àľ�¯Ì�¯Æ�Ù�ĭ�µµ�Æĭv¯�ĭÆ�ÂÙ���ÆįĭP�®�©vÂ©àİĭÌ��ĭ����ĭÂ�ÌÏÂ¯ĭ
on fossil fuel investments and the assessment of renewables as risky 
Â�ÁÏ�Â�ĭ¿µ©��àĭvČ�¯Ì�µ¯ĭÌµĭÆÌ�®Ï©vÌ�ĭÌ��ĭ®µÙ�ĭµ�ĭ�v¿�Ìv©ĭ�Âµ®ĭ�µÆÆ�©ĭ
ÌµĭÂ�¯�Úv�©�ÆĭłPauw et al, 2022İĭēįēįēŃįĭ�Æĭv¯ĭ�ßv®¿©�İĭ�¯ĭÌ��ĭ�vÂ©àĭ
2000s, the UK government provided initial capital grants to boost 
µāÆ�µÂ�ĭÚ�¯�ĭ��®µ¯ÆÌÂvÌ�µ¯ĭ¿Âµ¥��ÌÆİĭÂ�ÆÏ©Ì�¯�ĭ�¯ĭvĭ�v®�ĭ��v¯��Âĭ
�¯ÌµĭÌ��ĭµÙ�Âv©©ĭµāÆ�µÂ�ĭÆ��ÌµÂįĭV��Æĭ�vÆİĭ�¯ĭÌÏÂ¯İĭ�Ï�©Ìĭ�µ¯Ą��¯��ĭ
v®µ¯�ĭĄ¯v¯��v©ĭ�¯Ù�ÆÌµÂÆİĭ�vÆ�¯�ĭv���ÆÆĭÌµĭÂ�ÆµÏÂ��Æĭ�µÂĭ¿Âµ¥��Ìĭ
��Ù�©µ¿�ÂÆĭł�į�įĭ©µÚ�Âĭ�¯Ì�Â�ÆÌĭÂvÌ�ÆŃĭłKern et al,. 2014; !��©Æĭv¯�ĭ
Ayoub, 2023ŃįĮ

Social dynamics can lead to reinforcing feedbacks but may also 
create dampening feedbacks when they mobilise opposition and 
vĭ©v�§ĭµ�ĭÆµ���Ìv©ĭÆÏ¿¿µÂÌĭ�µÂĭ©vÂ��ÂľÆ�v©�ĭÆµ©vÂĭv¯�ĭµ¯Æ�µÂ�ĭÚ�¯�ĭ
�vÂ®Æĭł��Ù�¯�ľdÂ���ÌİĭđďďĖ; Klok et al., 2023; Windemer, 2023Ńįĭ
�µÆÌľ�µ®¿�Ì�Ì�Ù�¯�ÆÆĭ�Æĭ¯µÌĭvĭÆÏā����¯Ìĭ�¯���vÌµÂĭÌµĭ¿Â����ÌĭÆÏ¿¿µÂÌĭ
for technologies for which the main public concerns are about spatial/
Ù�ÆÏv©ĭ�®¿v�ÌÆİĭ��v©Ì�ĭv¯�ĭÆv��Ìàİĭv¯�ĭÁÏ�ÆÌ�µ¯Æĭµ�ĭ�v�Â¯�ÆÆįĮ

Policy for positive social tipping can seek to strengthen reinforcing 
�����v�§Æĭv¯�ĭÂ��Ï��ĭ�v®¿�¯�¯�ĭ�����v�§ÆįĭV��ĭ¿µ©��àľÂ�©�Ùv¯Ìĭ
timescales of the energy system vary from months to decades. Energy 
infrastructures are typically built for a lifespan of around 40 years, 
and changing these infrastructures takes place on the timescale of 
months to years. Once built, they contribute to stabilising the system 
ÆÌvÌ�ĭv¯�ĭvÂ�ĭvĭÆµÏÂ��ĭµ�ĭ¿vÌ�ĭ��¿�¯��¯��ĭv¯�ĭ©µ�§ľ�¯įĭ'¯ĭ�µ¯ÌÂvÆÌİĭ
Æµ®�ĭ��®v¯�ľÆ���ĭ���vÙ�µÏÂĭ��v¯��ÆĭvÂ�ĭÁÏ�Ì�ĭÆÚ��Ìįĭ�¯ĭ�ßv®¿©�ĭ
is the substantial energy demand reduction in Europe in the winter 
2022/2023, resulting from concerns about high energy prices and 
the war in Ukraine. A key policy challenge is how to make the new 
���vÙ�µÏÂĭŌÆÌ��§ōį
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Section 4 | Positive tipping points in technology, economy and society

4.3.1.3 Positive tipping dynamics that build on the fast growth in wind and solar technologies and services
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Figure 4.3.2: �vÆ�v��¯�ĭ�ā��ÌÆĭ�Âµ®ĭÂ�¯�Úv�©�ĭ�¯�Â�àĭÆÏ¿¿©àĭÌµĭ�µÏÆ��µ©�ĭ�¯�Â�àĭ��®v¯�įĭThe feedbacks that led to the strong growth in 
distributed renewable energy supply, can also strengthen the feedbacks that help reduce household energy demand when policy support is in 
place. R = reinforcing feedback, B = balancing/dampening feedback.

VÚµĭ�ÏÂÌ��ÂĭÆ��¯�Ą�v¯Ìĭ��Ù�©µ¿®�¯ÌÆĭvÂ�ĭ¯�����ĭÌµĭÌÂv¯Æ�µÂ®ĭÌ��ĭ
energy system. Firstly, while for many regions renewable energy 
¿µÌ�¯Ì�v©ĭ�ß����Æĭ��®v¯�İĭvĭ�vÆÌĭ�¯�Â�àĭÌÂv¯Æ�Ì�µ¯ĭ�v��Æĭ�µ¯ÆÌÂv�¯ÌÆĭ
regarding the availability and sustainable sourcing of materials and 
¿�ÂÆµ¯¯�©ĭłWang et al., 2023Ńįĭ8µÆÌĭÆ��¯vÂ�µÆĭÌ��Â��µÂ�ĭ�¯Ù�Æ�µ¯ĭ
a reduction of demand where the demand for energy should be 
brought in line with what can be sustainably produced in the short 
term. Indeed, reducing energy demand is key in 1.5°C pathways 
łKoide et al., 2021ŃįĭL��Ï�Ì�µ¯ĭ�¯ĭ�¯�Â�àĭÏÆ�ĭ�ÆĭÌ�ÏÆĭÚ���©àĭÂ��vÂ���ĭ
as a key pillar of decarbonisation in wealthy countries. At the same 
time, energy access and service provision will need to grow for 
®v¯àĭ©�ÆÆľ��Ù�©µ¿��ĭ�µÏ¯ÌÂ��Æİĭv¯�ĭ�µÂĭ¿µµÂĭ¿�µ¿©�ĭ�Ù�ÂàÚ��Â�ĭ
Ìµĭ�¯ÆÏÂ�ĭ����¯Ìĭ©�Ù�¯�ĭÆÌv¯�vÂ�Æĭv¯�ĭÚ�©©���¯�ĭłIPCC, 2022aŃįĭ
Although we observe a decoupling of energy demand and income 
in some places, in general household energy demand grows with 
�¯�µ®�įĭIÂµľ�¯Ù�Âµ¯®�¯Ìv©ĭvČ�ÌÏ��Æĭv¯�ĭ���vÙ�µÏÂĭ�vÙ�ĭv©Æµĭ���¯ĭ
correlated with income, further complicating the challenge of how to 
reduce income inequality and material and energy consumption to 
ÆÏÆÌv�¯v�©�ĭÆÏā����¯�àĭlevelsĭłDu et al., 2022Ńįĭ8µÂ�µÙ�Âİĭ�¯��Ù��Ïv©Æĭ
Ú�Ì�ĭ����ĭÆµ��µľ��µ¯µ®��ĭÆÌvÌÏÆĭłÌµ¿ĭĐďĭ¿�Âĭ��¯ÌŃĭvÂ�ĭÂ�Æ¿µ¯Æ��©�ĭ
�µÂĭvĭ©vÂ��ĭÆ�vÂ�ĭµ�ĭ�®�ÆÆ�µ¯ÆĭłIPCC, 2022b; IEA, 2021bŃįĭV��Æ�ĭ
�¯��Ù��Ïv©Æĭ�µÏ©�ĭ�vÙ�ĭvĭ©vÂ��ĭ¿µÆ�Ì�Ù�ĭ�®¿v�ÌĭÚ��¯ĭÌ��àĭÂ��Ï��ĭ!%!ĭ
�®�ÆÆ�µ¯Æİĭ���µ®�¯�ĭÂµ©�ĭ®µ��©Æĭµ�ĭ©µÚľ�vÂ�µ¯ĭ©���ÆÌà©�Æİĭ�¯Ù�ÆÌ�¯�ĭ�¯ĭ
©µÚľ�vÂ�µ¯ĭ�ÏÆ�¯�ÆÆ�Æİĭv¯�ĭv�Ùµ�vÌ�¯�ĭ�µÂĭÆÌÂ�¯��¯Ìĭ�©�®vÌ�ĭ¿µ©����Æĭ
łCreutzig, et al., 2022ŃįĭPÏ��ĭv¿¿Âµv���ÆĭvÂ�ĭv©Æµĭ��Æ�ÏÆÆ��ĭ�¯ĭÌ��ĭ
�µ¯Ì�ßÌĭµ�ĭ�¯�Â�àĭ¥ÏÆÌ���ĭv¯�ĭ�ÁÏ�Ìv�©�ĭ�¯�Â�àĭ��®v¯�ĭÂ��Ï�Ì�µ¯ĭ
łBüchs et al., 2023Ńį

P��µ¯�İĭÚ��¯ĭ¯µĭ©µÚľ�µÆÌĭå�Âµľ�®�ÆÆ�µ¯ĭ�¯�Â�àĭÆµÏÂ��Æİĭ©�§�ĭÚvÆÌ�ĭ
heat, are available, the energy system should electrify. In addition, but 

��àµ¯�ĭÌ��ĭÆ�µ¿�ĭµ�ĭÌ��ÆĭÆ��Ì�µ¯İĭvČÂv�Ì�Ù�ĭÌ���¯µ©µ���v©ĭv©Ì�Â¯vÌ�Ù�Æĭ
©�§�ĭ�Â��¯ĭ�à�Âµ��¯ĭÆ�µÏ©�ĭ��ĭ��Ù�©µ¿��ĭ�µÂĭ�vÂ�ľÌµľ�©��ÌÂ��àĭ
��®v¯�ĭłēįĒįđŃį

To identify possible tipping dynamics and tipping elements in energy 
systems, we follow the aÙµ��İĭÆ���Ìİĭ�®¿ÂµÙ�ĭł�P'Ńĭ©µ���ĭłCreutzig et 
al., 2022İĭēįĒįĐŃįĭd��©�ĭ�®¿ÂµÙ�ĭµ¿Ì�µ¯ÆĭvÂ�ĭ¯µÌĭÆÏā����¯ÌĭÌµĭÌ�¿ĭÌ��ĭ
energy system to a decarbonised state, they are an important enabler 
for options that can. Moreover, they may have important health 
�µľ��¯�ĄÌÆĭv¯�ĭÂ��Ï��ĭÌ��ĭ®vÌ�Â�v©ĭ¯���Æĭµ�ĭÌ��ĭ�¯�Â�àĭÆàÆÌ�®įĭ�¯àĭ
�¯�Â�vÆ�ĭ�¯ĭ�ā����¯�àĭÂ��Ï��ÆĭÌ��ĭ¯���ĭ�µÂĭvÙµ��ĭv¯�ĭÆ���Ìĭv�Ì�Ù�Ì��Æįĭ
8µÂ�ĭ��¯�Âv©©àİĭÌ��ĭ��ā�Â�¯Ìĭµ¿Ì�µ¯Æĭµ�Ì�¯ĭ�µľµ��ÏÂįĭd��©�ĭvÙµ��ĭ
options have the largest mitigation potential, they often need to be 
ąv¯§��ĭÚ�Ì�ĭÆ���Ìĭv¯�ĭ�®¿ÂµÙ�ĭµ¿Ì�µ¯ÆĭÌµĭ��ĭvČÂv�Ì�Ù�įĭ µÂĭ�ßv®¿©�İĭ
when people switch from natural gas heating to heat pumps, good 
�¯ÆÏ©vÌ�µ¯ĭł�®¿ÂµÙ�Ńĭ�Æĭvĭ�µ¯��Ì�µ¯įĮ

Avoid options reduce unnecessary energy consumption. Changes in 
the energy behaviour of individuals can make a large contribution, 
Æ¿���Ą�v©©àĭÚ��¯ĭÆÏ¿¿µÂÌ��ĭ�àĭ��v¯��Æĭ�¯ĭÌ��ĭ�Âµv��ÂĭÆµ��µľÌ���¯��v©ĭ
ÆàÆÌ�®ĭÂv¯��¯�ĭ�Âµ®ĭÆÏ�Æ����ÆĭÌµĭ¯µÂ®Æĭ�µÂĭ�¯�Â�àľ�ā����¯Ìĭ�µÏÆ�¯�ĭ
Ìµĭ��Ï�vÌ�µ¯v©ĭv¯�ĭ�¯�µÂ®vÌ�µ¯ĭ�v®¿v��¯ÆĭłNisa et al., 2019; Niamir 
et al., 2020Ńįĭ8µÂ�ĭÆ¿���Ą�v©©àİĭÆµ��v©ĭÌ�¿¿�¯�ĭµ�ĭ�¯�Â�àĭ�µ¯ÆÏ®¿Ì�µ¯ĭ
by individuals, households or organisations is conditioned by a range 
of factors such as social and cultural norms, ownership and control of 
resources, technology accessibility, infrastructure design and services 
availability, social network structures, and organisational resources 
łSteg et al., 2018Ńįĭ
��vÏÆ�ĭµ�ĭÌ��ĭÂ�©vÌ�µ¯Æ��¿ĭ��ÌÚ��¯ĭ�¯�µ®�ĭv¯�ĭ
�¯�Â�àĭÏÆ�ĭłRichmond and Kaufmann, 2006ŃİĭvĭÂ��µÏ¯�ĭ�ā��Ìĭ®vàĭ
occur when technologically induced demand reductions lead to a 
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�����Âĭ�Ï���Ìĭv¯�ĭ®µÂ�ĭ�¯�Â�àĭ��®v¯�ĭłNewell et al., 2021; van 
den Bergh, 2011; PµÂÂ�©©ĭ�Ìĭv©įİĭđďđďŃį While there is some empirical 
�Ù���¯��ĭ�µÂĭÆÏ��ĭvĭÂ��µÏ¯�ĭ�ā��ÌĭłBerner et al., 2022; Brockway et 
al., 2021; Stern, 2020ŃĭĿĭ®v§�¯�ĭ���µÏ¿©�¯�ĭµ�ĭ�¯�Â�àĭ��®v¯�ĭ®µÂ�ĭ
��ā��Ï©ÌĭĿĭ���µÏ¿©�¯�ĭ�vÆĭ���¯ĭµ�Æ�ÂÙ��ĭ�¯ĭÆ�Ù�Âv©ĭ?Â�v¯�ÆvÌ�µ¯ĭ 
�µÂĭ��µ¯µ®��ĭ�µľµ¿�ÂvÌ�µ¯ĭv¯�ĭ��Ù�©µ¿®�¯Ìĭł?���Ńĭ�µÏ¯ÌÂ��Æĭ�¯ĭ
recent years.

Digitalisation and AI can play a key role in avoiding unnecessary 
�¯�Â�àĭ��®v¯�ĭłWilson et al., 2020; !�µÌ�ÌÆvÆĭ�Ìĭv©įİĭđďđđįİĭÆ��ĭēįēįēŃįĭ
At the individual and household level, lifestyle changes regarding 
energy demand, including turning down the thermostat and reducing 
Ì��ĭ��®v¯�ĭ�µÂĭ�µÌĭÌv¿ĭÚvÌ�ÂĭłÆ�µÂÌ�ÂĭÆ�µÚ�ÂÆŃİĭvÂ�ĭ�ā��Ì�Ù�ĭ
ÆÌÂvÌ����ÆĭłRoy et al., 2012; Creutzig et al., 2016; Ivanova et al., 2020Ńįĭ
V��Æ�ĭvÂ�ĭ®µÆÌĭ�ā��Ì�Ù�ĭÚ��¯ĭ�µ®��¯��ĭÚ�Ì�ĭ¿µ©��àĭÆÏ¿¿µÂÌĭv¯�ĭ
Æ���Ìĭv¯�ĭ�®¿ÂµÙ�ĭ®�vÆÏÂ�Æįĭ8µÂ�ĭÆ¿���Ą�v©©àİĭ����Ìv©ĭÌ���¯µ©µ���Æĭ
vÂ�ĭ§�àĭÌµĭ��Č�Âĭ®vÌ��ĭÂ�¯�Úv�©�ĭÆÏ¿¿©àĭÚ�Ì�ĭ��®v¯�ĭÌµĭ¿Â�Ù�¯Ìĭ
�ÏÂÌv�©®�¯ÌÆĭv¯�ĭ�Â��ĭ�µ¯��ÆÌ�µ¯ĭł©µv�ĭÆ���Ì�¯�ĭv¯�ĭ�v©v¯��¯�Ńĭ�ÏÌĭ
�vÙ�ĭ¯µÌĭà�ÌĭÂ�v����ĭÚ���Æ¿Â�v�ĭ��āÏÆ�µ¯įĮ

%����Âĭ¿Â���Æĭłv¯�ĭÌ�®¿�ÂvÌÏÂ�ÆŃĭ©�v�ĭÌµĭÂ��Ï���ĭ�¯�Â�àĭ��®v¯�ĭ
for heating. Natural gas consumption in the EU and in the period 
�Ï�ÏÆÌľ9µÙ�®��Âĭđďđđĭ���Â�vÆ��ĭ�àĭđďĭ¿�Âĭ��¯Ìĭ�µ®¿vÂ��ĭÌµĭÌ��ĭ
vÙ�Âv��ĭ�vÆĭ�µ¯ÆÏ®¿Ì�µ¯ĭ�µÂĭÌ��ĭÆv®�ĭ®µ¯Ì�Æĭ�¯ĭÌ��ĭ¿Â�Ù�µÏÆĭĄÙ�ĭ
à�vÂÆĭłEurostat, 2022Ńįĭ%µÚ�Ù�ÂİĭÌ��Æĭv©Æµĭ�v®�ĭÚ�Ì�ĭ�¯�Â�vÆ��ĭ©�Ù�©Æĭ
µ�ĭ�¯�Â�àĭ¿µÙ�ÂÌàİĭ¿vÂÌ��Ï©vÂ©àĭvā��Ì�¯�ĭ©µÚľ�¯�µ®�ĭ�µÏÆ��µ©�Æĭ�¯ĭ
�v�©àĭ�¯ÆÏ©vÌ��ĭ�µ®�ÆĭłIEA, 2023bŃįĭ'¯Ì�Â�ÆÌ�¯�©àĭÌ��ĭ����ĭ¿Â���Æĭv©Æµĭ
ÌÂ����Â��ĭv¯�ĭµ¿�¯��ĭÌ��ĭµ¿¿µÂÌÏ¯�Ìàĭ�µÂĭÆÏā����¯�àľ�vÆ��ĭ�¯�Â�àĭ
price interventions in the form of price ceilings for gas and electricity 
�¯ĭÂ�Æ¿µ¯Æ�ĭÌµĭÌ��ĭ�¯�Â�àĭ�Â�Æ�Æĭ�¯ĭÌ��ĭÚ�¯Ì�Âĭµ�ĭđďđđľđďđĒįĮ

When the demand reductions stem from changes in norms or 
���vÙ�µÏÂÆĭÚ�Ì�ĭvĭÆÏÆÌv�¯v��©�Ìàĭ®µÌ�Ù�İĭÌ��ĭÂ�Æ§Æĭµ�ĭÂ��µÏ¯�ĭ�ā��ÌÆĭ
are lower. Interestingly, pro-environmental behaviours also induce 
other pro-environmental behaviours, so changes in behaviour in 
®µ��©�ÌàĭµÂĭ�µµ�ĭ®vàĭÆ¿�©©ĭµÙ�ÂĭÌµĭ�¯�Â�àĭ���vÙ�µÏÂÆĭłSteg and Vlek, 
2009; Steg, 2023ŃįĭV��ĭv�µ¿Ì�µ¯ĭµ�ĭ�µÏÆ��µ©�ĭIcĭ�µÂĭ�¯Ù�Âµ¯®�¯Ìv©ĭ
Â�vÆµ¯Æĭ®vàĭÌ�ÏÆĭ�¯�Ï��ĭµÌ��Âĭ¿Âµľ�¯Ù�Âµ¯®�¯Ìv©ĭ���vÙ�µÏÂÆįĭ�Æĭ
v¯ĭ�ßv®¿©�İĭ�Ù���¯��ĭ�µÂĭ�ÏÆÌÂ�vĭÆ�µÚÆĭÌ�vÌĭÌ��ĭv�µ¿Ì�µ¯ĭµ�ĭIcĭ
v¯�ĭ�©��ÌÂ��ĭÙ����©�ÆĭvÂ�ĭ�µÂÂ�©vÌ��ĭłCohen et al., 2019Ńįĭd��¯ĭÌ��ĭ
new behaviour becomes common and the norm starts to shift, this 
also increases the political feasibility of strict regulation. There 
�Æİĭ�µÂĭ�ßv®¿©�İĭ¿Ï�©��ĭÆÏ¿¿µÂÌĭ�µÂĭ®�vÆÏÂ�Æĭ©�§�ĭ�¯��¯Ì�Ù�ÆĭÌµÚvÂ�Æĭ
Â�¯�Úv�©�ĭÌ���¯µ©µ�àĭv¯�ĭvĭ�v¯ĭµ¯ĭ©�vÆÌĭ�¯�Â�àľ�ā����¯Ìĭ�µÏÆ��µ©�ĭ
v¿¿©�v¯��ÆĭłPoortinga et al., 2020Ńį%µÚ�Ù�ÂİĭÌ��Â�ĭ�Æĭv©Æµĭ�Ù���¯��ĭ
Ì�vÌĭÌ��Æ�ĭÆ¿�©©µÙ�Âĭ�ā��ÌÆĭvÂ�ĭ�¯ÆÏā����¯Ìĭ�µÂĭÌ��ĭÆÏ�ÆÌv¯Ì�v©ĭ©���ÆÌà©�ĭ
��v¯��ÆĭÌ�vÌĭvÂ�ĭ¯�����ĭłThøgersen and Crompton 2009; Truelove 
�Ìĭv©įİĭđďĐĕŃ.

Empirical studies show that informing people about the energy 
conservation behaviours of their neighbours combined with the public 
labelling of energy conservation behaviour as desirable, can lead 
ÌµĭÆ��¯�Ą�v¯ÌĭÂ��Ï�Ì�µ¯Æĭ�¯ĭ�¯�Â�àĭ�µ¯ÆÏ®¿Ì�µ¯ĭł!¸�§�ÂÌ�åİĭđďĐď; 
Allcot, 2011; Horne and Kennedy, 2017; Bonan, 2020Ńįĭ�ĭ§�àĭÌv§�vÚvàĭ
�Âµ®ĭÌ��Æ�ĭÆÌÏ���Æĭ�ÆĭÌ�vÌĭvĭÂ�©vÌ�Ù�©àĭÚ�v§ĭ�µÂ®ĭµ�ĭÆv¯�Ì�µ¯�¯�ĭł�į�įİĭ
approval and disapproval of particular behaviour by using thumbs 
Ï¿ļ�µÚ¯ĭµÂĭ¿µÆ�Ì�Ù�ĭv¯�ĭ¯��vÌ�Ù�ĭŌÆ®�©�àÆōŃİĭv©Â�v�àĭ�vÆĭvĭ®µ��ÆÌĭ
¿µÆ�Ì�Ù�ĭ�ā��Ìĭµ¯ĭ�¯�Â�àĭÆvÙ�¯�ÆįĭI��Âĭ�ā��ÌÆĭ�¯ĭÆµ��v©ĭ¯�ÌÚµÂ§ĭ
structures can provide inhibiting or supporting conditions for the 
��āÏÆ�µ¯ĭµ�ĭ�¯�Â�àĭ�µ¯Æ�ÂÙvÌ�µ¯ĭ¿Âv�Ì���Æİĭ��¿�¯��¯�ĭµ¯ĭÌ��ĭÆÌÂÏ�ÌÏÂ�ĭ
µ�ĭÌ��ĭ¯�ÌÚµÂ§ĭv¯�ĭÌ��ĭÌà¿�ĭµ�ĭv�Ì�Ù�ÌàĭłWolske et al., 2020ŃįĮ

If avoiding energy use is undesirable from a wellbeing perspective, 
Ì��¯ĭÆ���Ì�¯�ĭÌ��ĭÚvàĭÌ��Æĭv�Ì�Ù�Ìàĭ�Æĭ�µ¯�ĭłµÂĭĄ¯��¯�ĭv¯ĭv©Ì�Â¯vÌ�Ù�ĭ
®�v¯ÆĭÌµĭÌ��ĭÆv®�ĭ�µv©Ńĭ�Æĭ§�àįĭ µÂĭ�©��ÌÂ���ÌàĭÏÆ�İĭÌ��ĭ���vÂ�µ¯�ÆvÌ�µ¯ĭ
of the energy system, driven by the cost reductions in wind and 
solar, is a large driver. Such reductions are more likely in smaller and 
®µÂ�ĭ®µ�Ï©vÂĭÌ���¯µ©µ���ÆĭłWilson et al., 2020Ńįĭ?Ì��ÂĭÆ®v©©ĭv¯�ĭ
modular technologies that may reach cost parity in the short term 
vÂ�ĭ�µÏÆ��µ©�ĭ�vČ�Â��Æĭv¯�ĭ��vÌĭ¿Ï®¿ÆĭłMeldrum et al., 2023Ńįĭ
%µÏÆ��µ©�ĭ�vČ�Â��ÆĭvÂ�ĭÆ¿���Ą�v©©àĭvČÂv�Ì�Ù�ĭ�¯ĭ¿©v��ÆĭÚ��Â�ĭ����ľ�¯ĭ
ÌvÂ�āÆĭ�µÂĭÆµ©vÂĭ�¯�Â�àĭ�¯ÌµĭÌ��ĭ�Â��ĭvÂ�ĭ®Ï��ĭ©µÚ�ÂĭÌ�v¯ĭÌ��ĭÌvÂ�āÆĭ�µÂĭ
�¯�Â�àĭ�Âµ®ĭÌ��ĭ�Â��ĭłēįĔįđŃįĮ

V��ĭ©vÂ��ľÆ�v©�ĭv�µ¿Ì�µ¯ĭµ�ĭ�µÏÆ��µ©�ĭ�vČ�Â��Æĭ®vàĭ�¯ąÏ�¯��ĭÌ��ĭ
���vÂ�µ¯�ÆvÌ�µ¯ĭµ�ĭÌ��ĭ�¯�Â�àĭÆàÆÌ�®ĭ�¯ĭÌÚµĭÚvàÆıĭĄÂÆÌİĭ�ÌĭÂ��Ï��Æĭ
�ÏÂÌv�©®�¯Ìĭµ�ĭ�µÏÆ��µ©�ĭIcĭ��¯�ÂvÌ�µ¯İĭ��Č�Âĭ®vÌ���¯�ĭÂ�¯�Úv�©�ĭ
energy supply with demand. Second, it reduces grid congestion 
during peaks in solar generation. Currently, in several countries, this 
congestion is a barrier to further grid integration of renewables. To 
stimulate demand to synchronise with the availability of renewable 
�¯�Â�àĭÆÏ¿¿©àİĭÏÌ�©�Ì��ÆĭvÂ�ĭµā�Â�¯�ĭ�à¯v®��ĭÌvÂ�āÆĭÌ�vÌĭ��Æ�Â�®�¯vÌ�ĭ
��ÌÚ��¯ĭÌ�®�ĭµ�ĭÏÆ�ĭv¯�ĭÆµ®�Ì�®�Æĭv©Æµĭ©µ�vÌ�µ¯ĭµ�ĭÏÆ�ĭłNicolson et 
al., 2018; Freier and Loessl, 2022ŃįĭV��Æ�ĭ��Ù�©µ¿®�¯ÌÆĭÌ��¯ĭ�ÏÂÌ��Âĭ
�®¿ÂµÙ�ĭÌ��ĭvČÂv�Ì�Ù�¯�ÆÆĭµ�ĭ�µÏÆ��µ©�ĭ�vČ�Â��ÆįĮ

V��ĭ�©��ÌÂ�Ą�vÌ�µ¯ĭµ�ĭ��vÌ�¯�ĭ�ÆĭvĭÆ��µ¯�ĭÌ���¯µ©µ�àĭÌ�vÌĭ��¯�ĄÌÆĭ
from the fast decarbonisation of the electricity supply. For heat 
��®v¯�İĭÚ����ĭ�Æĭµ�Ì�¯ĭ®�Ìĭ�àĭ¯vÌÏÂv©ĭ�vÆĭ�µ�©�ÂÆĭł�vÆ��ĭµ¯ĭIEA, 
2022b analysis, natural gas accounts for 42 per cent of global 
heating energy demand, with a 40 per cent share of the heating 
®�ßĭ�¯ĭÌ��ĭ�ÏÂµ¿�v¯ĭY¯�µ¯ĭv¯�ĭµÙ�Âĭĕďĭ¿�Âĭ��¯Ìĭ�¯ĭÌ��ĭYPŃİĭÌ��ĭÆ���Ìĭ
Ìµĭ©µÚľ�vÂ�µ¯ĭ��vÌĭÆµÏÂ��ÆĭÂ�ÁÏ�Â�Æĭ��v¯��Æĭ�¯ĭÌ���¯µ©µ���Æĭv¯�ĭ
infrastructure in houses, commercial buildings and neighbourhoods. 
d��¯ĭ©µÚľ�vÂ�µ¯ĭ��vÌĭÆµÏÂ��Æĭ©�§�ĭÚvÆÌ�ĭ��vÌĭvÂ�ĭvÙv�©v�©�İĭÌ��Æĭ�Æĭvĭ
¿Â���ÂÂ��ĭµ¿Ì�µ¯įĭd��¯ĭÌ��Æĭ�Æĭ¯µÌĭÌ��ĭ�vÆ�İĭ�©��ÌÂ�Ą�vÌ�µ¯ĭµ�ĭ��vÌ�¯�ĭ
demand through heat pumps can lead to a large reduction in energy 
demand.

%�Â�İĭ�®¿µÂÌv¯Ìĭ�¯v�©�ÂÆĭvÂ�ĭ�¯�Â�vÆ��ĭ�¯ÆÏ©vÌ�µ¯ĭłv©ÆµĭÌµĭÂ��Ï��ĭ
µÙ�Âv©©ĭ��vÌĭ��®v¯�Ńĭv¯�ĭ�¯�Â�vÆ��ĭÂ�¯�Úv�©�ĭ�©��ÌÂ���ÌàĭÆÏ¿¿©àįĭ
But, barriers are the lack of technologies for heat storage, the 
cumbersome installation process, and the high upfront installation 
costs. Supported by regulation and policy incentives, the demand 
�µÂĭ��vÌĭ¿Ï®¿Æĭ�Æĭ�¯�Â�vÆ�¯�ĭ�vÆÌĭ�¯ĭÆ�Ù�Âv©ĭ�µÏ¯ÌÂ��ÆĭłIEA, 2022cŃİĭ
providing further opportunities for cost and performance 
improvements through learning by doing. A more radical and 
politically challenging behavioural change would be to provide 
incentives to live in smaller homes or to have higher occupancy per 
�Ú�©©�¯�İĭ�µÂĭ�ßv®¿©�ĭ�¯ĭ¿©v¯¯�¯�ĭ����Æ�µ¯ÆįĮ

V��ĭ�vÆ�v��¯�ĭ�ā��Ìĭ��Æ�Â����ĭv�µÙ�ĭ�v¯ĭ�µ¯ÌÂ��ÏÌ�ĭÌµĭ�¯�Â�àĭ
demand reduction in rich countries. The declining cost of solar has 
v©Æµĭ©��ĭÌµĭÌ��ĭ��Ù�©µ¿®�¯Ìĭµ�ĭÆµ©vÂĭ�µ®�ĭÆàÆÌ�®Æĭ�µÂĭ�¯�Â�àľ¿µµÂĭ
vÂ�vÆĭ�¯ĭÌ��ĭ!©µ�v©ĭPµÏÌ�İĭÚ��Â�ĭµāľ�Â��ĭÆµ©vÂĭÌ���¯µ©µ���ÆĭvÂ�ĭ
estimated to be the least costly and most viable way to electrify the 
®v¥µÂ�Ìàĭµ�ĭÌ�µÆ�ĭÚ�µĭ©v�§ĭv���ÆÆĭÌµĭ�©��ÌÂ���ÌàĭłIEA1, IEA2ŃįĭL�©�v�©�ĭ
v���ÆÆĭÌµĭ�©��ÌÂ���Ìàĭ�v¯ĭÏ¯©µ�§ĭvĭ�vÆ�v��ĭµ�ĭ��¯�ĄÌÆĭ�¯�©Ï��¯�ĭ
access to cooking, cooling or heating, refrigeration for storing 
foods and medicines, lighting, power for agriculture, irrigation and 
other economic activities, and access to communications, banking 
and information. It plays a critical role in healthcare, sanitation 
v¯�ĭÂ�Æ�©��¯Ìĭ©�Ù�©��µµ�ÆĭłI'�!ĭÂ�¿µÂÌŃįĭ�ĭ§�àĭ�vÂÂ��Âĭ�µÂĭ�¯v�©�¯�ĭ
Ú���Æ¿Â�v�ĭ��¿©µà®�¯Ìĭµ�ĭÆµ©vÂĭ¿µÚ�Âĭ�¯ĭÌ��ĭ!©µ�v©ĭPµÏÌ�ĭ�ÆĭÌ��ĭ����ĭ
cost of capital in these economies – however, threshold and network 
�ā��ÌÆĭ�¯ĭĄ¯v¯��v©ĭÆàÆÌ�®Æĭ�ß�ÆÌĭÚ����ĭ�µÏ©�ĭÏ¯©µ�§ĭ�¯Ù�ÆÌ®�¯Ìĭ
łēįēįĒįēŃįĭd��©�ĭ�¯ĭ®v¯àĭµ�ĭÌ��Æ�ĭ�µÏ¯ÌÂ��ÆĭÌ��ĭ¿µÌ�¯Ì�v©ĭ�µÂĭÆµ©vÂĭ
energy, and for such systems to contribute to wellbeing, is large, the 
ÚvàĭÌ��àĭvÂ�ĭ¿v�§v���ĭ�v¯ĭ�v�©ĭÌµĭĄÌĭÚ�Ì�ĭ©µ�v©ĭ¯���Æĭł!Âµ�¯�ÚµÏ�Ìĭ�Ìĭ
al., 2020Ńįĭ3�vÂ¯�¯�ľ�àľ�µ�¯�ĭ�Æĭ©�§�©àĭÌµĭ¿©vàĭvĭ§�àĭÂµ©�ĭ�¯ĭv���©�ÂvÌ�¯�ĭ
deployment, alongside continued support by international policy 
v¯�ĭ�¯Ù�ÆÌ®�¯ÌĭÌµĭÂ�v©�Æ�ĭÌ��ĭ¿µÌ�¯Ì�v©ĭ��¯�ĄÌÆĭµ�ĭÆµ©vÂĭvÌĭÆ�v©�ĭv¯�ĭ
develop local energy markets.
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Box 4.3.1 Just energy transitions – tipping in coal- and carbon-
�¯Ì�¯Æ�Ù�ĭÂ���µ¯ÆĶĮ

V��ĭÆµ��µ��µ¯µ®��ĭÌÂv¯Æ�Ì�µ¯Æĭµ�ĭ�µv©ľĭv¯�ĭ�vÂ�µ¯ľ�¯Ì�¯Æ�Ù�ĭ
regions have raised concern for just transitions focusing on labour 
®vÂ§�Ìĭµ¿¿µÂÌÏ¯�Ì��Æįĭ�ÆÆ�¯ĭv¯�ĭ�Ï�Æ�ÏÂ�ĭ�¯ĭÌ��ĭ!�Â®v¯ĭLÏ�Âĭ
L���µ¯İĭ�µÂĭ�ßv®¿©�İĭ�vÙ�ĭv�Ùv¯���ĭ�¯ĭÌ��ÆĭÌÂv¯Æ�Ì�µ¯ĭ¿Âµ��ÆÆĭ
łŭĒďĭà�vÂÆŃĭ�¯ĭ��ā�Â�¯ÌĭÚvàÆįĭ
µÌ�ĭ��Ì��Æĭ�ß¿�Â��¯���ĭ�¯�Â�®�¯Ìv©ĭ
changes in their demographic, economic and political trajectories. 
We can also identify a bifurcation in the cities’ visions and their 
narrative development: Essen envisions a green, sustainable 
future, whereas Duisburg remains devoted to its industrial 
storyline. Neither of the cities have crossed a tipping point in the 
�vÂ�ĭÁÏv¯Ì�ÌvÌ�Ù�ĭ�¯���vÌµÂÆĭł�į�įĭÏ¯�®¿©µà®�¯ÌĭÂvÌ�İĭ!�IŃĭà�Ìĭ
Ì��ĭ¯vÂÂvÌ�Ù�ĭ��v¯��ĭ®vàĭ�¯���vÌ�ĭvĭÆ��¯�Ą�v¯Ìĭv¯�ĭÁÏv©�ÌvÌ�Ù�ĭ
Æ���Ìĭ�¯ĭÌ��ĭ©µ¯�ĭÌ�Â®ıĭ��ĭÌ��ĭ��Ì��Æĭ�®�vÂ§ĭµ¯ĭ��ā�Â�¯ÌĭÌÂv¥��ÌµÂ��Æĭ
now, this will likely result in stronger social and economic 
��ā�Â�¯��Æĭ�¯ĭÌ��ĭ�ÏÌÏÂ�įĭ8và��ĭÆ��¯ĭ�Âµ®ĭvĭ��Úĭ���v��Æĭ�¯Ìµĭ
Ì��ĭ�ÏÌÏÂ�İĭÌ��ĭ¿�Â�µ�ĭvÂµÏ¯�ĭđďđďĭ�v¯ĭ��ĭ���¯Ì�Ą��ĭvÆĭvĭÌ�¿¿�¯�ĭ
period in one or both cities.

PÏ���ÆÆ�Ï©ĭ�ßv®¿©�Æĭ�ß�ÆÌĭÚ��Â�ĭÂ�¯�Úv�©�ĭ�¯�Â�àĭÆÌ�¿¿��ĭ�¯ĭ
when the fossil fuel industry declined. In Denmark, Esbjerg was a 
®v¥µÂĭ¿µÂÌĭ�µÂĭÌ��ĭµ�©ĭv¯�ĭ�vÆĭ�¯�ÏÆÌÂàįĭ'ÌĭÚvÆĭÆ¿���Ą�v©©àĭÌvÂ��Ì��ĭ
�àĭÌ��ĭ�v¯�Æ�ĭ!µÙ�Â¯®�¯ÌĭÌµĭ��ĭvĭ®v¥µÂĭ��¯�Ą��vÂàĭµ�ĭÌ��ĭ¯�Úĭ
µāÆ�µÂ�ĭÚ�¯�ĭÆ��ÌµÂįĭVµ�vàİĭµ¯�ĭ�¯ĭ¯�¯�ĭ¥µ�ÆĭłĔİďďďĭ�¯ĭÌµÌv©Ńĭ�¯ĭ
Esbjerg is related to wind power. The town received dedicated 
policy support for just transition which can be replicated 
�©Æ�Ú��Â�įĭ?āÆ�µÂ�ĭÚ�¯�ĭ�vÆĭ���¯ĭÂ�Ù�Ìv©�Æ�¯�ĭ�µ®®Ï¯�Ì��Æĭ�¯ĭ
the North East of England that were left behind when coal mines 
�©µÆ��ĭ�¯ĭÌ��ĭĐĘėďÆįĭ?āÆ�µÂ�ĭÚ�¯�ĭ��Ù�©µ¿®�¯Ìĭ¯µÚĭµā�ÂÆĭ����ľ
skill level jobs and opportunities for economic development and 
�ß¿µÂÌľµÂ��¯Ì��ĭ©µ�v©ĭÆÏ¿¿©àĭ��v�¯ÆĭÌ�ÂµÏ��ĭ�¯Ù�ÆÌ®�¯Ìĭ�¯ĭ©µ�v©ĭ
�v��©�Ì��Æĭv¯�ĭ�µ®®Ï¯�Ì��ÆįĭV��ĭY1ĭ�ÆĭÌ��ĭ©vÂ��ÆÌĭµāľÆ�µÂ�ĭÚ�¯�ĭ
¿µÚ�Âĭ®vÂ§�Ìĭ�¯ĭ�ÏÂµ¿�įĭ µÂĭ¥ÏÆÌĭ�¯�Â�àĭÌÂv¯Æ�Ì�µ¯Æĭ��¯�ĄÌ�¯�ĭ
�µ®®Ï¯�Ì��Æİĭ©µ�v©ĭÙv©Ï�ľ�Â�vÌ�µ¯ĭÚ�©©ĭ��ĭ§�àį

ĭ
µßĭēįĒįđĭ���vÂ�µ¯�Æ�¯�ĭÌ��ĭÆÌ��©ĭÆ��ÌµÂĮ

The global steel industry is responsible for 7 per cent of 
�Â��¯�µÏÆ�ĭ�vÆĭ�®�ÆÆ�µ¯ÆĭłOurWorldinData, 2023Ńĭv¯�ĭ¯���Æĭ
Ìµĭ���vÂ�µ¯�Æ�ĭÁÏ��§©àİĭ�àĭv�µ¿Ì�¯�ĭ©µÚľ�vÂ�µ¯ĭÌ���¯µ©µ���Æĭ
instead of blast furnaces. Three scales are relevant here: the 
whole global steel industry, individual steel companies, and their 
Æ¿���Ą�ĭ¿Âµ�Ï�Ì�µ¯ĭ�v��©�Ì��ÆįĭV��ĭÏ©Ì�®vÌ�ĭ�µv©ĭ�ÆĭÌµĭÆ��ĭvĭÌ�¿¿�¯�ĭ
¿µ�¯ÌĭvÌĭÌ��ĭ�©µ�v©ĭÆ�v©�İĭÚ����ĭ®�v¯ÆĭvĭÆ��¯�Ą�v¯Ìĭ���Â�vÆ�ĭ�¯ĭ
�®�ÆÆ�µ¯Æĭv�ÂµÆÆĭÌ��ĭ�¯�ÏÆÌÂàįĭV��ÆĭÚ�©©ĭµ¯©àĭ�v¿¿�¯ĭÚ��¯ĭÆ¿���Ą�ĭ
�µ®¿v¯��ÆĭµÂĭ�v��©�Ì��ÆĭÌ�¿ĭĄÂÆÌįĭd��¯ĭÆµ®�ĭ¿�µ¯��Â�¯�ĭ�µ®¿v¯��Æĭ
������ĭÌµĭÆÚ�Ì��ĭÌµĭ©µÚľ�vÂ�µ¯ĭÌ���¯µ©µ���Æİĭ�Ìĭ�µÏ©�ĭÆ�Ìĭµāĭvĭ
��v�¯ĭÂ�v�Ì�µ¯įĭ�ÏÂÂ�¯Ì©àİĭĐĐĭ�Ï©©ľÆ�v©�ĭ�Â��¯ĭ�à�Âµ��¯ĭ�L'ĭÆÌ��©ĭ
plants are planned to be operational by 2030, and once around 
6 per cent of steel plants make this change, the prices of these 
Ì���¯µ©µ���Æĭ�Æĭ�ß¿��Ì��ĭÌµĭ�Âµ¿İĭ®v§�¯�ĭÌ��®ĭ®µÂ�ĭv���ÆÆ��©�ĭ
to others, and emissions will start to decrease. Carbon pricing or 
equivalent subsidy can accelerate the point at which green steel 
���µ®�Æĭ�µ®¿�Ì�Ì�Ù�ĭÚ�Ì�ĭ�µÆÆ�©ĭ�Ï�©ľ�vÆ��ĭ¿Âµ�Ï�Ì�µ¯ĭłMeldrum 
et al., 2023ŃįĭV��Æĭ¿Âµ��ÆÆĭÌv§�ÆĭÌ�®�İĭ�ÏÌĭ�Ìĭ�Æĭ�ÂÏ��v©ĭ�µÂĭÌ��ĭ©µ¯�ľ
Ì�Â®ĭ�µv©įĮ

How to trigger tipping points at the individual company level is 
the more urgent concern, in order to enable this wider tipping 
point. This happens when a company decides to commit to a 
¯�Ìľå�Âµĭ¿vÌ�Úvàĭ�àĭÏÆ�¯�ĭ©µÚľ�vÂ�µ¯ĭÌ���¯µ©µ���Æĭ�¯ÆÌ�v�ĭµ�ĭ
�µÆÆ�©ľ�vÆ��ĭ¿Âv�Ì���ÆįĭV��ĭ�Ù���¯��ĭ�µÂĭvĭ¿µÌ�¯Ì�v©ĭÌ�¿¿�¯�ĭ¿µ�¯Ìĭ
is even stronger when the decision is backed by concrete plans for 
technology implementation and investment in new infrastructure.

?¯�ĭ�ßv®¿©�ĭ�ÆĭÙµ�ÆÌv©¿�¯�İĭv¯ĭ�ÏÆÌÂ�v¯ĭÆÌ��©®v§�ÂĭÌ�vÌĭ�������ĭ
to reduce emissions by replacing parts of its blast furnace process 
Ú�Ì�ĭ�Â��¯ĭ�à�Âµ��¯ľ�vÆ��ĭ��Â��ÌĭÂ��Ï�Ì�µ¯ĭv¯�ĭ�©��ÌÂ��ĭvÂ�ĭ
�ÏÂ¯v��Æĭłvoestalpine, 2023aŃįĭV��Æĭ®µÙ�ĭÆ�µÚÆĭÌ��ĭ����¯¯�¯�ĭµ�ĭ
a positive feedback loop, pushing the company further along the 
¿vÌ�ĭÌµĭ¯�Ìľå�Âµĭ�®�ÆÆ�µ¯ÆĭÚ��¯ĭ¯�ÚĭÌ���¯µ©µ���Æĭ���µ®�ĭ®µÂ�ĭ
common.

Political and economic factors also play a role. EU and national 
policies, such as the emission trading system, put pressure on 
companies to reduce emissions. When customers demand 
©µÚľ�vÂ�µ¯ĭÆÌ��©ĭ¿Âµ�Ï�ÌÆİĭ�Ìĭ�Â�Ù�Æĭ�¯¯µÙvÌ�µ¯ĭv¯�ĭ®µÌ�ÙvÌ�Æĭ
ÆÌ��©®v§�ÂÆĭÌµĭ¿ÂµÙ���ĭ®µÂ�ĭ©µÚľ�vÂ�µ¯ĭµ¿Ì�µ¯ÆįĭV��Æ�ĭ�v�ÌµÂÆĭ
�v¯ĭÌÂ����ÂĭÌ�¿¿�¯�İĭ¿ÏÆ��¯�ĭÌ��ĭ�¯�ÏÆÌÂàĭ�©µÆ�ÂĭÌµĭÌ��ĭ¯�Ìľå�Âµĭ
goal.
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Section 4 | Positive tipping points in technology, economy and society
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