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Abstract  

In the context of the recent agreement at COP28 in Dubai and the current state of 
play of urban power systems – from G7 countries to emerging markets and 
developing economies – this report analyses the steps needed to achieve net zero 
emissions from electricity, and considers the wider implications for energy 
security, sustainability and affordability.  

The decarbonisation of cities is a global priority, and local governments are 
instrumental in achieving national commitments and objectives. Improved access 
to and use of data for decision making can support faster and more targeted 
implementation and help align city and power system planning. Digital solutions 
and systems can be particularly powerful in cities, where high-density 
environments create economies of scale and can optimise infrastructure and 
create new opportunities. Exploring a wide range of projects and initiatives 
implemented in power systems and cities around the world, the report provides 
insights on emerging best practices, innovative approaches and how barriers and 
challenges can be tackled. Our focus is on ways national governments can help 
cities accelerate clean, affordable and inclusive energy transitions, and ensure 
resilience and an ability to adapt to climate change. 

The report also underscores how G7 members can foster innovation through 
international collaboration, creating enabling environments at the city level to 
deploy scalable pilot projects, support integrated planning and promote data 
sharing, all while maintaining electricity security and placing people at the centre 
of clean energy transitions. 
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Executive summary 

Global agreement for renewed momentum to 
implement clean energy transitions 

As part of the UAE Consensus at the COP28 climate change conference in Dubai 
in December 2023, an historic agreement was signed signalling the “beginning of 
the end” of the fossil fuel era. Governments agreed to double the annual rate of 
energy efficiency improvement by 2030 and, in the same timeframe, to triple the 
global deployment of renewable energy capacity, putting the principle of energy 
efficiency at the centre of policy making. While these ambitions will be translated 
into national action plans, cities are uniquely positioned to lead the way and serve 
as transition accelerators because of their high population densities and 
positioning as centres of commerce, productivity and innovation.  

Cities as catalysts for change 
Urban areas are the economic powerhouses of their nations. They are undergoing 
rapid development and contributing to higher energy consumption and rising 
greenhouse gas emissions. Globally, cities account for around 75% of global 
energy consumption and 70% of global greenhouse gas emissions – figures that 
are set to rise.  

Almost 10% of the increase in global emissions since 2015 can be attributed to 
urbanisation. It accounted for the record high urban-related emissions of almost 
29 billion tonnes of CO2. Despite this rapid escalation, many people in urban areas 
still lack proper access to power grids. For example, of the more than 100 million 
people living in cities without access to electricity, more than 90% are located in 
sub-Saharan Africa, the fastest-urbanising region of the world. 

Fortunately, cities also present unique opportunities for transformative change. 
Cities can leverage public procurement to create economies of scale and bring 
down costs of clean energy technologies. More than 60% of public investment 
occurs at the subnational level, of which nearly a third is channelled into transport 
systems, underlying the importance of cities investing in green and resilient urban 
infrastructure.  

This important potential of cities to be front runners in the energy transition is 
gaining recognition in many regions, including in multilateral forums. Recently, the 
G7 recognised the transformative power of cities, and the G20 identified the need 
to finance the infrastructure of the cities of tomorrow. This is critical because, 

https://cop28.com/UAEconsensus
https://www.iea.org/commentaries/a-global-target-to-double-efficiency-progress-is-essential-to-keep-net-zero-on-the-table
https://www.iea.org/commentaries/a-global-target-to-double-efficiency-progress-is-essential-to-keep-net-zero-on-the-table
https://www.iea.org/news/massive-expansion-of-renewable-power-opens-door-to-achieving-global-tripling-goal-set-at-cop28
https://www.iea.org/news/massive-expansion-of-renewable-power-opens-door-to-achieving-global-tripling-goal-set-at-cop28
https://unhabitat.org/topic/urban-energy#:%7E:text=To%20run%20their%20activities%2C%20cities,the%20world's%20total%20greenhouse%20gases.
https://unhabitat.org/topic/urban-energy#:%7E:text=To%20run%20their%20activities%2C%20cities,the%20world's%20total%20greenhouse%20gases.
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://globalcarbonbudget.org/fossil-co2-emissions-at-record-high-in-2023/
https://globalcarbonbudget.org/fossil-co2-emissions-at-record-high-in-2023/
https://data.worldbank.org/indicator/EG.ELC.ACCS.ZS
https://www.wri.org/insights/closing-sub-saharan-africas-electricity-access-gap-why-cities-must-be-part-solution
https://www.oecd-ilibrary.org/docserver/a48ce566-en.pdf?expires=1708530838&id=id&accname=ocid177496&checksum=5CD76484F38779E1E1BFEEBC7DCE308A
https://www.mofa.go.jp/policy/economy/summit/hiroshima23/documents/pdf/Leaders_Communique_01_en.pdf?v20231006
https://www.g20.in/content/dam/gtwenty/gtwenty_new/document/G20-New-Delhi-Leaders-Declaration.pdf
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based on existing stated policies, without further urgent action globally in cities 
and on grids, climate goals will be missed and economic growth could be affected. 

Cities fostering innovative and cost-effective 
people-centred solutions 

A people-first approach exemplified by community energy projects not only 
promotes environmental sustainability, but it also stimulates local economies, 
reduces energy bills and fosters public trust in clean energy transitions. These 
advances are crucial to achieving the large-scale change needed to overcome 
today's status quo. Supporting city-level action has the potential to provide the 
greatest carbon mitigation return on investment and accelerate inclusive clean 
energy transitions. The evidence is that investing in infrastructure and technology 
to decarbonise the energy sector can reduce greenhouse gas emissions by up to 
75% by 2050 – as long as the right policies are in place.  

Most urban residents around the world are breathing unhealthy levels of pollution, 
a major portion of which is a by-product of using fossil fuels, which is responsible 
for around 5 million premature deaths each year. City-led action can improve air 
quality, reduce energy demand, improve grid stability, and create savings for 
households and businesses. It can empower people to take on a greater role in 
managing their energy demand through user-centred initiatives. City-led action 
can drive inclusive transitions with information campaigns, guidance and advice, 
policy support for efficient appliances and support for energy communities. 

Matching urban growth with increased 
ambition for inclusive clean energy 
transitions  

Globally, urban populations account for more than half of the 8 billion people on 
Earth today, a share that is increasing. The total global urban population grew by 
around 400 million between 2015 and 2020 alone. More than 90% of this growth 
occurred in cities in emerging markets and developing economies (EMDEs). 
Between 2024 and 2050 the share of the urban population is expected to increase 
from 56% today to around 70%, with the number of urban inhabitants increasing 
by around 1.8 billion. Projections show that urban land areas are expected to 
expand by around 1 million km2 up to 2050, equivalent to the total land area of 
Japan, Germany and Italy combined. 

A small number of progressive cities are stepping up and setting sustainability and 
CO2 reduction targets that are bolder than those of national governments. 
Globally, of the cities with more than 500 000 inhabitants, around 20% have 

https://www.iea.org/reports/empowering-cities-for-a-net-zero-future
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.stateofglobalair.org/resources/health-in-cities
https://www.bmj.com/content/383/bmj-2023-077784
https://eurocities.eu/latest/cities-step-up-to-mitigate-energy-poverty/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-6/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-6/
https://iopscience.iop.org/article/10.1088/1748-9326/ab4b71#:%7E:text=Our%20projections%20show%20that%20urban,the%20urban%20footprint%20in%202015.
https://zerotracker.net/#data-explorer
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proposed or pledged net zero targets, of which only half have stated policies in 
place. Whereas there may be net zero targets at the national level, at the municipal 
level, more than 900 cities, many of which continue to grow in size, currently do 
not have net zero targets. 

Power grids feel the heat as climate change 
begins to take effect 

As the world heats up, so the demand for cooling is increasing. The installed 
capacity of space cooling equipment is expected to nearly double by 2030 from 
850 GW today, and then to double again by 2050. Demand for cooling also drives 
peak demand, which creates challenges for grid operators and poses access and 
affordability issues for customers. By 2040 cooling is expected to account for 30% 
of peak electricity demand in ASEAN countries, mostly concentrated in urban 
areas. This is up from around 10% today, and further studies suggest that globally 
each degree Celsius increase causes an average increase of almost 4% in peak 
electricity demand.  

Thus, climate change is posing new challenges to grids in increasingly densely 
populated cities. Around 70% of cities are already experiencing the negative 
impacts of extreme temperatures and frequent storms of increasing intensity, 
which push power infrastructure to the edge of its operating limits. 

Modernising and expanding power grids for 
sustainable urban energy futures 

The transition away from fossil fuels, including by tripling renewable energy 
capacity and switching to electrical demand-side energy assets, is vital for 
countries to achieve their climate goals. This transition leads to an increased 
demand for electricity in all IEA scenarios.  

To achieve the changes consistent with a net zero pathway, the EV fleet is 
expected to increase tenfold, from nearly 30 million today to around 315 million by 
as early as 2030, while total heat pump capacity may triple from 1 000 GW today 
to 3 000 GW by 2030. Substantial electrification of transport and heat, as well as 
across industry, will see demand for electricity increase. It could increase by up to 
two and a half times by 2050, depending on the pace of decarbonisation. Based 
on existing announced national policies, electricity grids will need to expand 
globally to manage the increased capacity, requiring up to 80 million km of new or 
upgraded lines by 2040. Crucially, grids will also need to become increasingly 
smart to manage the increased share of renewable energy capacity. 

https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/empowering-cities-for-a-net-zero-future
https://www.iea.org/reports/empowering-cities-for-a-net-zero-future
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities?utm_source=social
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities?utm_source=social
https://unhabitat.org/sites/default/files/2024/02/un-habitat_ndcanalysis-technicalbrief.pdf
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
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These ambitious but essential plans to decarbonise the electricity systems, 
coupled with rapid urbanisation, make it crucial to focus on investment in grid 
modernisation and digitalisation. As cities become focal points for energy 
consumption, efficient grid management becomes paramount in addressing urban 
energy challenges. To be on track for net zero, global annual investment in grids 
needs to more than double from around USD 330 billion per year to 
USD 750 billion by 2030, and approximately 75% of this will be needed to expand, 
strengthen and digitalise distribution grids. 

The power of digital-driven integrated 
planning  

Urban areas contribute more than 80% of global GDP. Electricity has facilitated 
the growth of industry and commerce in many regions, driving GDP and 
contributing to development. As demand for electricity continues to grow, power 
grids need to adapt rapidly to manage both today's grid constraints and the 
challenges of tomorrow, particularly in cities.  

Bottlenecks in power grids delay housing developments, prevent the completion 
of new renewable energy projects and can put the uptake of customer-owned 
clean energy resources at risk, such as rooftop PV systems and EVs.  These 
bottlenecks could create further problems for up to 1.5 million households by as 
early as 2030. In the United Kingdom, as an example, grid congestion costs may 
reach as much as GBP 2.5 billion each year in the same timeframe.  

In addition to investment in physical infrastructure, taking advantage of the 
proliferation of connected technologies, which are creating new data sources, 
offers the potential to better manage urban power systems and the increasing 
variability on them. Cities have the right level of density and granularity for 
demand-side energy assets to be optimised and aggregated at the building, 
neighbourhood and community levels.  

Analysis suggests that digitally enabled technologies could reduce the curtailment 
of variable renewable energy systems by more than 25% by 2030, increase 
system efficiency by 30% and reduce costs by up to 30% for customers. However, 
while regulatory and technological barriers stand in the way of maximising the use 
of data, many of these barriers could be overcome through closer international 
collaboration. 

https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://www.worldbank.org/en/topic/urbandevelopment/overview#:%7E:text=Today%2C%20some%2056%25%20of%20the,people%20will%20live%20in%20cities.
https://blogs.worldbank.org/energy/how-much-do-we-know-about-development-impacts-energy-infrastructure
https://www.rijksoverheid.nl/actueel/nieuws/2024/01/22/actieagenda-voor-druk-op-lokale-stroomnetten-gepresenteerd
https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://www.sciencedirect.com/science/article/pii/S0360544223013865#sec5
https://www.sciencedirect.com/science/article/pii/S0360544223013865#sec5
https://www.grupoenercoop.es/visto-en-prensa-joaquin-p-mas-la-comunidad-energetica-de-crevillente-permite-un-acceso-democratico-a-las-renovables/
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International collaboration is essential to 
address global challenges 

Meeting the ambition to double the annual rate of energy efficiency improvement 
as per the UAE Consensus requires a 4% sustained improvement in primary 
energy intensity through to 2030. While individual countries have achieved more 
than 4% in certain years, collectively the world has not reached this target in a 
single year since the beginning of this century.  

Meeting this goal requires global investment in energy efficiency to triple by 2030. 
However, there are large regional differences, as currently 9 out of every 10 dollars 
spent on clean energy since 2021 has been spent in advanced economies and 
China. This regional imbalance means that, whereas in advanced economies 
spending must more than double by 2030, the increase in emerging economies is 
closer to a factor of 3.5.  

Technologies and solutions exist to fast-track energy efficiency implementation 
and to support the integration of renewables in power systems; however, they are 
still not being widely used. Similarly, best practices and innovative approaches 
exist, but opportunities are being missed due to a lack of co-ordination. 

Illustrated by more than 100 case studies, this report showcases the leading role 
that cities can play in implementing faster decarbonisation and energy efficiency 
gains. The supportive roles that national governments and other stakeholders 
need to play are highlighted. We suggest four specific areas where national policy 
makers can take action to empower cities towards faster and more effective 
implementation. We have emphasised the potential for cities and national 
governments: to place people at the centre of policy making in order to build for 
the future; to support data-driven integrated planning to ensure that grids are fit 
for purpose; to address specific areas of focus so as to create a supportive 
environment; and to pursue the benefits of fostering strengthened international 
co-operation.  

 

https://www.iea.org/reports/energy-efficiency-2023
https://www.iea.org/reports/energy-efficiency-2023
https://www.iea.org/reports/energy-efficiency-2023
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Chapter 1: Urban energy revolutions  

Key takeaways 
• Cities contribute around 80% of global GDP and their associated emissions were 

responsible for a record 29 billion tonnes of CO2 in 2023.  

• More than half of the 8 billion people alive today live in urban areas, and 
urbanisation is on an upward trend, with parts of Asia and Africa expected to 
continue to drive the proportion of the global population that is urbanised to around 
70% by 2050, with nearly 2 billion more people living in cities than there are today. 

• Cities have an essential role to play in tripling the capacity of renewable energy 
sources, deploying energy-efficient technologies and the electrification of 
transport and heating, commitments agreed as part of the UAE Consensus at 
COP28.  

International climate goals 
At the COP28 climate change conference in Dubai in December 2023, every 
participating government signed an historic agreement, agreeing to transition 
away from fossil fuels in energy systems as part of the UAE Consensus. The 
landmark pact also includes the call to collectively raise ambitions by doubling the 
annual rate of energy efficiency improvement by 2030 and accelerating the supply 
of low-carbon energy by tripling the total capacity of renewable energy sources in 
the same timeframe. 

The shift away from fossil fuels will see many sectors switch to electricity, 
increasing the demand for power. The biggest consumers of electricity are the 
buildings and industrial sectors, which together account for over 90% of global 
electricity consumption. Appliances, lighting, cooking, cooling and heating account 
for the bulk of energy consumption in buildings, and electricity demand increases 
for each of these end uses in all IEA scenarios, especially in emerging markets 
and developing economies (EMDEs). By 2050 electricity demand increases by as 
much as 150% on a pathway that achieves net zero by mid-century. 

Cities are major sources of energy demand for transport, industry and buildings. 
They are currently responsible for around 75% of global energy consumption and 
70% of global greenhouse gas emissions.  

 

https://cop28.com/UAEconsensus
https://www.iea.org/reports/world-energy-outlook-2023
https://unhabitat.org/topic/urban-energy#:%7E:text=To%20run%20their%20activities%2C%20cities,the%20world's%20total%20greenhouse%20gases.
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Cities and the climate 

Cities drive economic growth, but their emissions are 
climbing 

Cities are the engines of global economies and drivers of economic growth. While 
they are home to around 56% of the world’s 8 billion people, they contribute more 
than 80% of global GDP. Globally, the urban population grew by around 
400 million between 2015 and 2020 alone. Notably that more than 90% of this 
urban growth occurred in EMDEs, particularly in the regions of Asia and Africa, 
and above all in India, People’s Republic of China (hereafter, “China”) and Nigeria.  

Urbanisation together with a rising global population is continuing to change the 
shape of society, and at an extraordinary pace. In 2024 more than half of the 
world’s population already lives in urban areas, and this share is expected to grow 
to around 70% in 2050, an increase of around 1.8 billion people. In Asia, the total 
population is set to increase by around a third, while in Africa, the continent's 
population is projected to double between now and 2050.  

Historical and projected urban population by region, 1950-2050 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on UN World Urbanization Prospects 2018. 
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https://www.worldbank.org/en/topic/urbandevelopment/overview#:%7E:text=Today%2C%20some%2056%25%20of%20the,people%20will%20live%20in%20cities.
https://www.worldbank.org/en/topic/urbandevelopment/overview#:%7E:text=Today%2C%20some%2056%25%20of%20the,people%20will%20live%20in%20cities.
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-6/
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-6/
https://data.worldbank.org/indicator/SP.URB.TOTL.IN.ZS
https://www.ipcc.ch/report/ar6/wg2/chapter/chapter-6/
https://www.oecd.org/publications/africa-s-urbanisation-dynamics-2022-3834ed5b-en.htm
https://population.un.org/wup/
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Combining the overall increase in population and the continuing shift from rural to 
urban living, the proportion of GHG emissions originating in cities climbed from 
around 62% in 2015 to around 70% today, taking urban-related emissions to a 
record high of almost 29 billion tonnes of CO2 in 2023. 

Analysis by the IEA has identified that to double the annual rate of energy 
efficiency improvement as per the UAE Consensus requires a 4% sustained 
improvement in primary energy intensity each year through to 2030. While 
individual countries have achieved more than 4% improvement in certain years, 
the world's countries have not reached this target on average in a single year since 
the beginning of this century. 

These factors make the decarbonisation of cities a global priority and of special 
significance to achieving national objectives. 

Cities can play a central role in achieving international 
climate goals, but more action is needed 

Several cities are frontrunners in national climate ambitions, leading the way to 
achieving net zero emissions ahead of nationally determined targets. For 
example, London aims to be carbon neutral by 2030. In 2023 the city extended its 
ultra-low emission zone to the entire Greater London area, contributing to further 
reducing air pollution.  

Vienna has published a revised smart city strategy, which includes a target of 
climate neutrality by 2040 and interim goals to reduce per-capita energy 
consumption, greenhouse gas emissions and the material footprint. The strategy 
is centred around people, focusing on inclusion and equality, and enabling 
participation and active engagement. Vienna has created opportunities for the 
city’s inhabitants to collectively invest in clean energy through community-funded 
solar plants.  

Multilateral forums continue to recognise the important role of cities in the pursuit 
of net zero energy systems. The 2021 G20 Energy-Climate Ministerial 
Communiqué in Naples (Italy) highlighted the role of urban areas in accelerating 
the clean energy transition, while the 2023 G7 Ministers’ Meeting on Climate, 
Energy and Environment in Sapporo (Japan) concluded with the announcement 
of the first ever G7 Roundtable on Subnational Climate Actions in collaboration 
with Urban7. In their final communiqué, the G7 Ministers address “the vital role of 
subnational actors in realising the transformation toward net zero”.  

At COP28 in Dubai, over 40 ministers committed in a joint statement to support 
and integrate climate action across every level of government. Moreover, 
 
 

https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_LongerReport.pdf
https://globalcarbonbudget.org/fossil-co2-emissions-at-record-high-in-2023/
https://www.iea.org/reports/energy-efficiency-2023
https://www.iea.org/reports/energy-efficiency-2023
https://www.london.gov.uk/programmes-and-strategies/environment-and-climate-change/climate-change/zero-carbon-london/pathways-net-zero-carbon-2030
https://tfl.gov.uk/modes/driving/ultra-low-emission-zone
https://smartcity.wien.gv.at/en/strategy/#:%7E:text=The%20Vienna%20City%20Council%20decided,while%20maximising%20conservation%20of%20resources.%E2%80%9D
https://www.ief.org/_resources/files/events/g20-energy-and-climate-ministerial-meeting/g20-energy-climate-joint-ministerial-communique.pdf
https://www.ief.org/_resources/files/events/g20-energy-and-climate-ministerial-meeting/g20-energy-climate-joint-ministerial-communique.pdf
https://www.env.go.jp/en/press/press_01550.html
https://www.env.go.jp/en/press/press_01550.html
https://www.meti.go.jp/information/g7hirosima/energy/pdf/Annex007.pdf
https://g7u7.org/
https://www.g7hiroshima.go.jp/en/documents/
https://www.cop28.com/en/news/2023/12/COP28-announces-new-partnerships-and-initiatives
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71 countries joined the Coalition for High Ambition Multilevel Partnerships for 
Climate Action to enhance co-ordination between national and subnational 
governments in the planning, financing, implementation and monitoring of climate 
strategies.  

Cities with net zero targets in policy documents or laws, 2023 

 
Source: IEA analysis based on data from Net Zero Tracker. 
 

Climate action in urban areas is essential for achieving ambitious net zero 
emissions goals, and internationally, many cities are emerging as leaders to take 
a strong stance by supporting initiatives on climate action. The Cities 
Technological Collaboration Programme is the newest IEA collaborative 
international cross-cutting initiative that helps cities speed up their decarbonisation 
efforts by providing scientific and evidence-based information and an international 
forum on urban energy and mobility system transformation. The Global Covenant 
of Mayors for Climate and Energy brings together 12 500 cities and local 
governments to push for climate action, with a view to driving down GHG 
emissions. Similarly, the C40 cities initiative represents 100 city mayors with the 
ambition of limiting global warming to 1.5°C, while building equitable and inclusive 
communities. ICLEI works with more than 2 500 local and regional governments 
on sustainable urban development. The United for Smart Sustainable Cities 
(U4SSC) a global UN initiative co-ordinated by multiple agencies, is an 
international platform for information exchange and partnership building to assist 
cities and communities in achieving the UN Sustainable Development Goals. The 
Race to Zero is coalition of non-state actors including companies, cities, regions, 
financial, educational, and healthcare institutions leading a global campaign to 
halve global emissions by 2030. The CDP-ICLEI Track provides a platform for 
more than 1 100 cities to report and track progress on climate action.  

https://www.cop28.com/en/cop28-uae-coalition-for-high-ambition-multilevel-partnerships-for-climate-action
https://www.cop28.com/en/cop28-uae-coalition-for-high-ambition-multilevel-partnerships-for-climate-action
https://zerotracker.net/
https://cities-tcp.org/
https://cities-tcp.org/
https://www.globalcovenantofmayors.org/
https://www.globalcovenantofmayors.org/
https://www.c40.org/about-c40/
https://iclei.org/
https://u4ssc.itu.int/
https://climatechampions.unfccc.int/
https://www.cdp.net/en/cities
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However, despite some examples of subnational ambition, globally, only around 
20% of all cities with more than 500 000 inhabitants have proposed or pledged to 
net zero targets. Further still, only 0.6% of these cities have translated net zero 
targets into law, with a somewhat larger number mentioning targets in policy 
documents.  

Opportunities for sustainable energy 
transitions in cities 

Examples of city-led action provide a vision for others 
Local governments wield significant influence in shaping urban sustainability 
through urban planning and policymaking. By adopting policies that support smart 
and inclusive sustainable energy solutions, they engender resilient communities 
and mitigate climate change. Through initiatives like district-wide renewables 
deployment and low-emissions transport policies, cities accelerate clean energy 
adoption. They also play pivotal roles in implementing resilient power strategies 
and integrating clean energy solutions into regulations, fostering socially inclusive 
transitions The following examples highlight the active role of cities in supporting 
a more people-centred approach, while also delivering national climate action. 

City governments can adopt policies that encourage smart and inclusive 
sustainable energy solutions. They can support neighbourhood- or district-wide 
renewables deployment and implement low-emissions transport policies. 
Community bulk buying programmes can also accelerate the implementation of 
energy efficiency and the adoption of local renewable energy sources. In 2023 Rio 
de Janeiro became the first Latin American city to use a renewable power 
purchase agreement to power public buildings with clean energy, through the Río 
de Energía Verde Initiative. By agreeing a long-term contract between the city and 
a renewable energy generator, the arrangement allows the municipality to benefit 
from stable electricity prices and progress towards its environmental objectives 
while giving the developer visibility on future revenues and making the operation 
of the generating facility easier. This first stage of the project is expected to avoid 
40 000 tonnes of CO2 over the next five years and to allow the municipality to save 
more than USD 6 million in electricity costs, which will be directed towards health 
and education projects. In Indonesia, the TransJakarta bus system tripled its 
routes and doubled the number of buses in operation between 2016 and 2020, 
allowing the bus rapid transit system to reach one million passengers per day in 
2020. Achieving the target of complete electrification of the bus fleet by 2030 could 
add 4 days of life expectancy per resident in the focus area. 

 

https://zerotracker.net/#data-explorer
https://zerotracker.net/#data-explorer
https://www.c40knowledgehub.org/s/article/Rio-de-Energia-Verde-Procuring-clean-energy-in-Brazil-s-free-contracting-environment?language=en_US
https://www.c40knowledgehub.org/s/article/Rio-de-Energia-Verde-Procuring-clean-energy-in-Brazil-s-free-contracting-environment?language=en_US
https://www.nber.org/digest/20239/designing-public-transit-network-evidence-jakarta
https://www.c40knowledgehub.org/s/article/How-to-make-public-transport-an-attractive-option-in-your-city?language=en_US
https://www.c40.org/wp-content/uploads/2022/02/Jakarta-%E2%80%93-Electrification-of-the-Bus-Fleet.pdf
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Areas for city-led action on inclusive clean energy  

 
IEA. CC BY 4.0. 

 

• Cities have a powerful role in clean energy transitions by incorporating smart 
and clean energy solutions into regulations and codes. For example, the city 
of Vancouver now requires every residential parking space in new developments 

https://electricautonomy.ca/2021/01/07/ev-readyresidential-buildings/
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to feature Level 2 electricity outlets to charge EVs. This change addresses the 
challenge of accessing EV charging in multifamily residential buildings, which is 
usually harder than in single homes. Cities can also act as aggregators of demand, 
procuring clean electricity in large quantities to cover the combined needs of 
residents and businesses, increasing competition, reducing risk and negotiating 
better rates for local residents.  

• Cities can expand on their planning function and make use of geographical 
information systems to map renewable energy potential at the city level and 
identify the best options for siting distribution network infrastructure. 
Through its Clean Energy Program, the New York City government aims to expand 
solar PV and other distributed energy resources across its portfolio of buildings, 
with the goal of installing 100 MW of solar PV on city-owned buildings by 2025. To 
this end, the city assessed all public buildings greater than 1 000 gross square 
metres for solar readiness and identified nearly 55 MW of rooftop solar potential.  

• They can accelerate the development and deployment of new power system 
infrastructure through local permit rules, municipal procurement policies, 
zoning ordinances and other bylaws. In some cases, municipalities are owners 
and operators of local utilities. In Germany, more than two-thirds of municipal utility 
companies use the roof surfaces of public buildings to locate their installations. In 
the United States, there are more than 2 000 municipal utilities, serving 10% of 
the country’s electrical needs. For example, the city of San Jose in California is 
creating its own power utility, an early study showing potential cost savings on 
electricity of between 15% and 25%.  

• Cities can develop resilient power strategies to ensure that critical public and 
private facilities can operate in the event of power disruption. Resilient power 
technologies, such as solar with battery storage, protect critical facilities from 
power outages. In the face of increasing heatwaves during summer, the city of 
Utrecht in the Netherlands is rapidly expanding its vehicle-to-grid (V2G) 
infrastructure, thus allowing EVs to store electricity during the day and inject it into 
the grid during the evening peak hours. The initiative aims to connect up to around 
10 000 bidirectional charging EVs to the grid, the estimated amount needed to 
solve the city’s grid congestion according to Utrecht University. In 2022 South 
Africa experienced over 100 days of rolling blackouts. Cape Town is working with 
the C40 Cities Finance Facility to install a large-scale solar power plant that will 
improve the city’s resilience. 

• Cities can lead the way in implementing smart solutions to ensure that local 
energy transitions are socially inclusive and people-centred. For example, Stirling 
Council in the United Kingdom plans to equip its entire social housing stock with 
sensors and tools to enable property owners to effectively address risks including 
dampness, mould and insufficient ventilation and help tenants better understand 
energy usage and improve efficiency. 

• Cities can use their powers to implement further solutions to reduce energy 
demand and improve well-being. In Australia, Melbourne is planting 3 000 trees 
every year to lower city temperatures by 4°C, thereby reducing the need for air 

https://www1.nyc.gov/site/dcas/agencies/clean-energy-generation.page
https://www.oecd.org/climate-action/ipac/practices/germany-s-sponge-cities-to-tackle-heat-and-flooding-7b6caa58/
https://www.flpublicpower.com/municipal-members
https://sanjosespotlight.com/san-jose-creates-city-run-power-utility-with-many-unknowns/
https://www.politico.eu/article/europe-cities-fight-keep-lights-on-extreme-weather-climate-crisis-energy-blackout/
https://www.trouw.nl/duurzaamheid-economie/een-miljoen-e-auto-s-vormen-samen-een-megabatterij%7Ebec5c064/
https://c40cff.org/projects/decarbonising-the-citys-grid-through-solar-farming-and-efficiency-measures#:%7E:text=The%20City%20of%20Cape%20Town,in%20Cape%20Town%20by%202030.
https://dailybusinessgroup.co.uk/2022/11/stirling-homes-get-largest-smart-sensor-roll-out/
https://dailybusinessgroup.co.uk/2022/11/stirling-homes-get-largest-smart-sensor-roll-out/
https://www.melbourne.vic.gov.au/about-melbourne/sustainability/Pages/cooling-our-city.aspx#:%7E:text=Our%20goal%20is%20to%20plant,in%20a%20process%20called%20transpiration.
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conditioning and providing additional recreation areas. Medellin in Colombia has 
created 30 green corridors and achieved temperature reductions of 2°C. A 
growing number of cities, including Paris, Milan and Athens, are providing 
inhabitants with apps to help monitor heat risks and provide guidance on how to 
reduce exposure. 

The role of grids in urban energy transitions 

Ensuring that grids are fit for purpose is necessary to 
realise decarbonisation ambitions 

Electrification is a critical element of reducing fossil fuel demand, alongside 
efficiency improvements and greater use of low-emissions fuels. The greater role 
for electricity in the energy mix will have significant consequences for power 
systems. In 2023 electricity’s share of total final energy consumption was 20%, 
and by 2050 this number increases to over 50% in the IEA Net Zero Emissions by 
2050 Scenario (NZE Scenario). Power systems are therefore facing the need for 
far-reaching change.  

Share of electricity in final energy consumption by sector, 2010-2022, and in the 
NZE Scenario, 2030 and 2050 

 
IEA. CC BY 4.0. 

Source: IEA (2023), Net Zero Roadmap: A Global Pathway to Keep the 1.5°C in Reach: 2023 Update. 
 

There are signs that the net zero transition is already well underway, such as the 
rapid adoption of efficient EVs that is taking place in many cities today, with sales 
of new EVs estimated to be 35% higher in 2023 than in 2022. EV ownership and 
the deployment of electrical equipment (e.g. heat pumps and air conditioners) and 
distributed energy generation (e.g. rooftop solar PV) are expected to continue to 
rise in coming years.  
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https://extrema.space/
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/net-zero-roadmap-a-global-pathway-to-keep-the-15-0c-goal-in-reach
https://www.iea.org/reports/world-energy-outlook-2023
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Global sales of electric cars jumped from around 6.5 million in 2021 to 13.7 million 
in 2023, while in the previous two years, from 2018 to 2020, EV sales increased 
by only 950 000 units. In 2022 the global stock of electric cars was around 
27 million units and it is likely to increase almost ninefold by 2030 in the IEA 
Announced Pledges Scenario (APS) reaching 230 million units, driven mainly by 
China, while it increases to up to 315 million units in the NZE Scenario. 

Global stock of electric cars by region in the Announced Pledges Scenario, 2020-2030 

 
IEA. CC BY 4.0. 

Source: IEA (2023), Global EV Data Explorer. 
 

In the recent IEA report Renewables 2023, almost 3 700 GW of new renewable 
capacity is forecast to come online over the period 2023-2028, driven by 
supportive policies in more than 130 countries. Growth continues in mature 
markets, but there is also new capacity coming online in emerging markets and 
developing economies.  

Global distributed PV capacity is expected to increase on average more than 
7.5 times by 2028 compared to 2018, and by an astonishing 68 times in Latin 
America. Nigeria is expected to add 5 GW of distributed solar PV capacity 
between 2023 and 2028, with Angola and Kenya achieving 2 GW each. Brazil is 
expected to deploy 7 GW each year through to 2028. In some regions the ramp-
up of residential solar installations will play a particularly significant role, as in Latin 
America where the share of residential solar PV in total distributed capacity – 
which includes commercial and industrial installations as well as off-grid solutions 
– will almost double, reaching 58% in 2028.  
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https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.iea.org/reports/clean-energy-market-monitor-march-2024
https://www.iea.org/reports/clean-energy-market-monitor-march-2024
https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
https://www.iea.org/reports/renewables-2023
https://www.iea.org/reports/renewables-2023
https://www.iea.org/reports/renewables-2023
https://www.iea.org/reports/renewables-2023
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Distributed PV cumulative capacity by region, 2018-2028 

 
IEA. CC BY 4.0. 

Source: IEA (2024), Renewables 2023. 
 

Simultaneously, the electrification of heating is rapidly increasing, with global sales 
of heat pumps increasing by 11% in 2022, marking a second year of double-digit 
growth. In 2022 heat pumps met around 10% of heating needs in buildings, 
corresponding to over 100 million households. According to the latest IEA 
analysis, in the Stated Policies Scenario (STEPS) the share of heat pumps in total 
heating equipment sales more than doubles by 2030, and in the NZE Scenario 
their share increases fourfold, tripling the global heat pump capacity. Also, in both 
scenarios around one-third of the global stock of heat pumps is in EMDEs by 2030, 
while in 2022 these countries accounted only for 16% of the global stock. 

Global heat pump sales and stock, 2010-2022, and by scenario, 2030 

 
IEA. CC BY 4.0. 

Note: GWth = gigawatt thermal capacity. 
Source: IEA (2023), World Energy Outlook 2023. 
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https://www.iea.org/reports/renewables-2023
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/commentaries/global-heat-pump-sales-continue-double-digit-growth
https://www.iea.org/reports/world-energy-outlook-2023
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Investment in grids is needed to deliver resilient grids 
and avoid bottlenecks 

Substantial investment in grid development will be needed to facilitate the 
integration of increased electricity demand and intermittent generation. There is 
already evidence that power system operators need to invest substantially more 
in digitalisation and flexibility to meet the challenges of clean energy transitions. It 
is vital to ensure that grids are fit for purpose, not just for today’s demands, but 
also for future challenges, enabling countries to follow their decarbonisation 
pathways in an equitable and cost-effective manner.  

Delays in grid investment and reform could substantially increase emissions, 
slowing energy transitions and potentially putting the 1.5°C goal out of reach. For 
example, grid congestion due to increased electrification of heating and mobility 
in the Netherlands is causing more than 3 500 large consumers to be placed on 
waiting lists for their applications for new or added grid capacity, and risks affecting 
up to 1.5 million residential customers in the coming decade. This is already 
happening in several regions in the Netherlands.  

Driven by soaring temperatures during May-August 2023, areas of Mumbai 
experienced power outages due to escalating peak demand for air conditioning. 
As African countries move towards the target of achieving universal access to 
affordable, reliable and sustainable electricity by 2030, cities are already facing 
challenges. Lagos is projecting an increase in peak electricity demand of 400% by 
2040.  

In urban environments, grid upgrades will be particularly important. Grid 
congestion due to clustered residential load can be exacerbated by the 
combination of space heating and cooling demand, EV charging and distributed 
solar. For instance, researchers found that the local distribution system in 
California would need to upgrade five times more feeder lines than originally 
planned in order to accommodate EVs by 2030.  

The grids of the future will need to support cities to adapt to new conditions, deal 
with greater complexity and manage significantly more actors and assets, all with 
diverse impacts on the system. Modernised and digitalised grids can also deliver 
significantly more efficient systems, at lower cost, with greater resilience and while 
achieving decarbonisation goals simultaneously. This requires national and local 
policy makers and utilities to act to deploy the technologies and establish the 
capabilities and functionalities necessary to support future power systems. 
Efficient and resilient power systems require urban planning to be aligned closely 
with power system planning.  

 

https://www.tennet.eu/news/electricity-grid-under-further-pressure-cabinet-and-grid-operators-take-drastic-measures
https://www.netbeheernederland.nl/nieuws/wachtlijsten-nemen-toe-1740
https://www.rijksoverheid.nl/actueel/nieuws/2024/01/22/actieagenda-voor-druk-op-lokale-stroomnetten-gepresenteerd
https://capaciteitskaart.netbeheernederland.nl/
https://memr.lagosstate.gov.ng/wp-content/uploads/sites/57/2023/05/PA-NPSP_Lagos-State-IRP-Report.pdf
https://memr.lagosstate.gov.ng/wp-content/uploads/sites/57/2023/05/PA-NPSP_Lagos-State-IRP-Report.pdf
https://www.sciencedirect.com/science/article/pii/S2589004221016564
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Accelerating clean energy investment in Africa’s cities  

Africa accounts for around 20% of the world’s population, but attracts less than 2% 
of its spending on clean energy. To achieve the region’s 2030 energy development 
and climate goals requires energy investment to more than double from 
USD 90 billion currently, with around two-thirds going on clean energy. For 
example, energy efficiency spending needs to increase sevenfold by 2030, in 
areas such as green and efficient buildings and consumer appliances. 

At the same time, the unprecedented expansion of Africa’s cities is calling for 
massive investment in urban infrastructure. It has been estimated that African 
countries will need to invest about 5.5% of their annual GDP in their cities, 
approximately USD 140 billion per year. In particular, around 70 million new 
homes will need to be built by 2030, almost equivalent to a quarter of the current 
residential building stock in the entire continent. A substantial change in the 
transport infrastructure will be essential as well, as the demand for road mobility 
alone is expected to increase by two-thirds by the end of this decade in the entire 
continent.  

Unlocking green investment in Africa’s cities can result in a win-win situation. 
According to analysis conducted by the Coalition for Urban Transitions, the total 
benefits from delivering compact, connected and clean urban development across 
35 major cities in Ethiopia, Kenya and South Africa are valued at USD 1.1 trillion 
to 2050 (up to 250% of their annual GDP). 

To accelerate this process, the AfDB has recently announced that it will provide 
projected lending of around USD 2 billion in 2024 to cities and municipalities. In 
addition, the AfDB will direct its Urban and Municipal Development Fund (UMDF) 
to support cities with a budget of USD 50 million for the period 2023-2027, to be 
spent on urban project preparation, urban planning and municipal access to 
financial support ecosystems. The Africa Investment Forum (AIF) is now starting 
to prioritise bankable projects that can secure investment for cities. The UMDF is 
already supporting local governments in developing inclusive decision making 
processes and improving urban infrastructure, while addressing climate 
challenges.  

 

Modernising power grids can contribute to doubling 
efficiency and accelerating decarbonisation  

Ensuring that grids have sufficient capacity and flexibility to adapt to fluctuating 
electricity demand will facilitate decarbonisation on a massive scale, reduce 
emissions, improve air quality and see individual efficiency gains across the power 
system contribute to huge overall improvements in energy efficiency.  

https://www.iea.org/reports/financing-clean-energy-in-africa
https://ieaorg.sharepoint.com/sites/3DEN/Shared%20Documents/3DEN%20Guidance%20document/G7%20report/WORKING%20DOCUMENTS/the%20region%E2%80%99s%20energy%20development%20and%20climate%20goals%20requires%20energy%20investment%20to%20more%20than%20double%20from%20today%E2%80%99s%20USD%2090%20billion%20by%202030
https://ieaorg.sharepoint.com/sites/3DEN/Shared%20Documents/3DEN%20Guidance%20document/G7%20report/WORKING%20DOCUMENTS/the%20region%E2%80%99s%20energy%20development%20and%20climate%20goals%20requires%20energy%20investment%20to%20more%20than%20double%20from%20today%E2%80%99s%20USD%2090%20billion%20by%202030
https://www.dailynewsegypt.com/2023/11/10/afdb-investment-africa-cities/
https://www.iea.org/reports/africa-energy-outlook-2022
https://www.iea.org/reports/africa-energy-outlook-2022
https://www.iea.org/reports/africa-energy-outlook-2022
https://urbantransitions.global/en/publication/financing-africas-urban-opportunity/
https://urbantransitions.global/en/publication/financing-africas-urban-opportunity/
https://www.dailynewsegypt.com/2023/11/10/afdb-investment-africa-cities/
https://www.dailynewsegypt.com/2023/11/10/afdb-investment-africa-cities/
https://www.iea.org/reports/energy-efficiency-2023


Empowering Urban Energy Transitions Chapter 1: Urban energy revolutions 

PAGE | 27  IE
A

. C
C

 B
Y 

4.
0.

 

Urban travel accounts for 40% of the global carbon dioxide emissions from 
passenger transport and contributes significantly to urban air pollution. Electrified 
public transport in cities plays an important role in reducing congestion and 
greenhouse gas emissions. Analysis of 192 cities indicates that subways have 
contributed to halving city population-related CO2 emissions from transport in 
those cities. The transition from internal combustion engine vehicles offers the 
prospect of achieving large efficiency gains as EVs are between three and five 
times more efficient. This switch is already contributing to significant emissions 
reductions. In Norway, for example, where EVs account for around 80% of new 
car sales, the positive effects are already being felt, with transport emissions falling 
by over 8% since 2014. This relies on a power grid that can manage significant 
flows of electricity on a bidirectional basis.  

Buildings also offer great potential for efficiency gains, particularly for 
decarbonising heat. In the United Kingdom, emissions from gas boilers are around 
twice that of the entire fleet of gas power stations. The deployment of heat pumps 
to replace oil and gas boilers will drive electricity demand, but this is far 
outweighed by the savings in fossil fuels due to heat pumps’ much greater 
efficiency, with those currently available on the market three to five times more 
energy efficient than natural gas boilers. The United States which has a high urban 
share of the population at around 80%, has adopted a roadmap for the nationwide 
adoption of efficient grid-interactive buildings (EGIBs), that is energy-efficient 
buildings with high-quality building envelopes and grid-connected smart 
technologies that leverage distributed energy resources to optimise energy use 
and energy flexibility. This could lead to energy savings from homes and buildings 
in predominantly urban areas in the range of 164-401 TWh per year and peak 
demand savings ranging between 42 GW and 116 GW, depending on the efficient 
and grid-interactive solutions implemented.  

Grid digitalisation by upgrading with new intelligent and energy-efficient 
technologies has the potential to bring significant benefits, such as improved 
visibility of distributed energy resources for power system operators, co-ordinated 
control and loss reduction. This is particularly valuable in EMDEs that are 
experiencing high levels of transmission and distribution system losses, but is 
central to achieving potential energy efficiency gains in all settings. A recent study 
of the potential for digitalisation of the power sector found that by 2050, based on 
electrification across all sectors, while electricity consumption would rise by up to 
20%, deploying cross-sectoral digitalisation would contribute to a 30% efficiency 
gain per year. A modern digitally enabled power system will be essential to 
achieve these efficiency gains and to contribute to the doubling of the annual 
improvement in global average energy efficiency. It can only be enabled by 
concerted action by national and subnational governments, regulators, utilities, 
communities and individuals. 

https://www.itf-oecd.org/sites/default/files/docs/reducing-urban-passenger-carbon-emissions.pdf
https://www.sciencedirect.com/science/article/pii/S0048969723023124?dgcid=author
https://www.energycouncil.com.au/analysis/evs-are-they-really-more-efficient/
https://www.energycouncil.com.au/analysis/evs-are-they-really-more-efficient/
https://www.theenergymix.com/norwegian-cities-favour-transit-walking-despite-generous-national-ev-subsidies/
https://www.wearepossible.org/press-releases/new-analysis-reveals-shocking-scale-of-household-gas-boiler-emissions
https://www.iea.org/reports/the-future-of-heat-pumps
https://www.iea.org/reports/the-future-of-heat-pumps
https://gebroadmap.lbl.gov/
https://www.census.gov/newsroom/press-releases/2022/urban-rural-populations.html
https://www1.eere.energy.gov/buildings/pdfs/75470.pdf
https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://www.sciencedirect.com/science/article/pii/S0360544223013865#sec5
https://www.sciencedirect.com/science/article/pii/S0360544223013865#sec5
https://www.iea.org/news/cop28-and-iea-high-level-dialogues-conclude-with-strong-consensus-on-energy-transition
https://www.iea.org/news/cop28-and-iea-high-level-dialogues-conclude-with-strong-consensus-on-energy-transition
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In this context, the Italian government is playing a transformative and far-sighted 
role in accelerating clean energy transitions through its support of the IEA Digital 
Demand-Driven Electricity Networks (3DEN) initiative.  

3DEN is developing analysis and guidance to help inform policy making in EMDEs 
and beyond on opportunities to scale up investment in smart power infrastructure, 
ensuring the benefits associated with digital investment are widely shared. At the 
same time, the IEA is convening a series of high-level and peer-to-peer exchange 
opportunities and supporting the creation of a community of practice around these 
topics. The uniqueness of the 3DEN approach lies in strongly linking policy 
guidance with implementation and the wide dissemination of findings. The IEA is 
working with the Italian Ministry of Environment and Energy Transitions (MASE) 
and the United Nations Environment Programme (UNEP) to support the 
implementation of pilot projects on how digitalisation can contribute to flexible and 
resilient energy systems and to disseminate the results. 

https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://www.mase.gov.it/
https://www.unep.org/
https://www.unep.org/technical-highlight/brazil-colombia-india-and-morocco-get-started-efforts-accelerate-power-system
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Chapter 2: Cities and grids on a 
heating planet 

Key takeaways 
• Continuous record-breaking heat events together with more frequent storms are 

placing strain on people, cities and grids, driving the uptake of cooling appliances 
and challenging system reliability. China recorded a 70% year-on-year increase 
in air conditioner sales in 2023. Electricity demand for cooling in Africa could 
increase 400% this decade. Grids in cities are on the frontline of these challenges. 

• Global final energy consumption is undergoing a shift towards electrification, with 
a remarkable rise from a 20% share to more than 40% in 2050 on the basis of 
announced government pledges, even surpassing 50% on a path consistent with 
net zero. This shift is driving a significant increase in electricity demand, 
particularly in urban areas, where studies suggest a potential tripling of peak 
electricity demand by 2030. 

• To meet these challenges and ensure security of supply, it will be necessary to 
expand and reinforce grids, providing access for those currently underserved, and 
by 2050 to unlock more than four times the amount of new flexibility sources than 
exist today to manage peak demand and ensure continued affordability for 
consumers. 

Impacts of a changing climate and energy 
system 

Urban areas are seeing changes in peak demand 
The ongoing electrification of end-use sectors is poised to substantially increase 
the share of electricity in global final energy consumption. Projections from the 
latest IEA World Energy Outlook indicate a remarkable shift, with the share of 
electricity expected to rise from its current level of 20% to 41% in the APS and 
surpassing 50% by 2050 in the NZE Scenario.  

Power grids in many countries have been pushed to their operating limits in recent 
years due to climate change-related challenges, and increasingly beyond their 
limits, leading to a loss of supply due to events such as storms, as experienced in 
the United States, Europe and Japan. Furthermore, the power sector faces 
disruptions due to extreme temperatures, intensifying concerns, particularly in 
regions where electricity demand becomes more sensitive to rapid increases in 

https://www.iea.org/reports/world-energy-outlook-2023
https://www.sfchronicle.com/bayarea/article/storm-pge-outages-atmospheric-river-18649070.php
https://www.euronews.com/2023/11/02/storm-ciaran-12-million-french-homes-without-electricity-including-780000-in-bretagne
https://www.voanews.com/a/typhoon-kills-one-cuts-power-to-a-third-of-japan-s-okinawa-homes/7208020.html
https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
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the call for heating and cooling, primarily met by electricity. Urban areas are at the 
nexus of these grid-related challenges, with around 70% of cities already 
experiencing negative impacts. Some studies have estimated a tripling of peak 
electricity demand in cities by 2030, especially if the decarbonisation of heat and 
transport occurs rapidly before grids adapt to the increased demands. While cities 
emerge as critical nodes where the adaptation needs of grids become significant 
(particularly at the lower-voltage distribution levels), they are also increasingly 
focal points in providing flexibility.  

Some cities that previously experienced a single period of peak electricity demand 
are now seeing a second peak period emerging. In cooler climates, the 
decarbonisation of heating is driving electricity demand in winter periods and 
causing higher peaks during cold spells. In the United States, peak demand was 
historically experienced during the summer, but many states are projected to 
become winter peaking systems. In February 2021, Texas was hit by a record-
setting winter storm, which resulted in power outages for more than 
4.5 million homes and disruption of the public water and heating systems. It 
impacted almost 15 million people across the state and is considered the costliest 
winter storm on record at over USD 20 billion.  At the same time, as global average 
temperatures continue to rise, there is additional growth in demand for cooling 
during persistent heatwaves. 

More extreme and frequent heatwaves accelerate the 
need for cooling  

Climate change is exacerbating extreme weather across the planet. Record-
breaking heatwaves, storms, floods, droughts and wildfires are all becoming more 
frequent and more intense, as are their impacts on power supply reliability. 2023 
was the hottest year on record, with summer temperatures exceeding 50°C in the 
United States, the Middle East and China. Europe is now the fastest warming 
continent on Earth.  

Online sales data from China in June 2023 revealed an almost 70% year-on-year 
increase in air conditioner sales. There are continuing signs that temperatures are 
on an upward trend. 2024 has already experienced the warmest January and 
February on record, marking nine consecutive months of record highs. The global 
increase in more frequent extreme temperatures is thus leading to rising global 
cooling needs.  

https://unhabitat.org/sites/default/files/2024/02/un-habitat_ndcanalysis-technicalbrief.pdf
https://www.centrefornetzero.org/wp-content/uploads/2022/12/Clean-Energy-Cities-Framework-Centre-for-Net-Zero.pdf
https://www.centrefornetzero.org/wp-content/uploads/2022/12/Clean-Energy-Cities-Framework-Centre-for-Net-Zero.pdf
https://www.iea.org/reports/energy-efficiency-2023/how-are-consumers-benefiting-from-system-efficiency
https://www.nature.com/articles/s43247-023-01048-1
https://www.nature.com/articles/s43247-023-01048-1
https://energy.utexas.edu/research/ercot-blackout-2021
https://www.mdpi.com/2071-1050/15/5/4173#:%7E:text=The%20winter%20storm%20Uri%20knocked,other%20dependent%20systems%20%5B5%5D.
https://climate.nasa.gov/extreme-weather/
https://climate.nasa.gov/extreme-weather/
https://climate.copernicus.eu/copernicus-2023-hottest-year-record
https://www.weather.gov/ama/50ranges
https://english.alarabiya.net/News/gulf/2023/08/27/Temperature-crosses-50-degree-mark-again-as-UAE-records-hottest-day-of-the-summer
https://www.reuters.com/world/china/china-logs-522-celsius-extreme-weather-rewrites-records-2023-07-17/
https://www.eea.europa.eu/publications/european-climate-risk-assessment
https://www.eea.europa.eu/publications/european-climate-risk-assessment
https://weatherspark.com/countries/CN
https://m.ebrun.com/524448.html
https://m.ebrun.com/524448.html
https://climate.copernicus.eu/warmest-february-record-9th-consecutive-warmest-month
https://climate.copernicus.eu/warmest-february-record-9th-consecutive-warmest-month
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Daily electricity load versus temperature, May to September 2019 versus 2023 

 
IEA. CC BY 4.0. 

Sources: IEA (2023), Weather for Energy Tracker; IEA (2023), Real-Time Electricity Tracker. 
 

In the period 2000-2022, global final energy demand for space cooling rose at an 
average of about 4% per year, twice as quickly as for water heating. Furthermore, 
the number of residential air-conditioning units has tripled since 2000, reaching 
more than 1.5 billion in 2022.  

Extreme heat significantly boosts the purchase of air conditioners, leading to 
higher electricity demand. In the hottest regions, the capacity of the grid needs to 
cover a doubling of electricity demand compared with milder months and cooling 
can account for over 70% of peak electricity demand. In India, where air 
conditioner ownership is currently low, every 1°C increase in the average daily 
temperature above 24°C drives an increase in electricity demand of about 2%, 
whereas in Texas where ownership is much higher, it drives a 4% increase. 
Indeed, an assessment of 13 cities across different countries suggests that each 
degree of temperature increase causes an average increase in peak electricity 
demand of almost 4%. 

 20

 40

 60

 80

20 22 24 26 28 30 32 34 36 38 40

M
ax

im
um

 d
ai

ly
 e

le
ct

ric
ity

 lo
ad

 (G
W

)

Maximum daily temperature (°C)

Texas (US)

 80

 100

 120

 140

 160

 180

 200

 220

20 22 24 26 28 30 32 34 36 38 40
Maximum daily temperature (°C)

India

2019 2023 Trend 2019 Trend 2023

https://www.iea.org/data-and-statistics/data-tools/weather-for-energy-tracker
https://www.iea.org/data-and-statistics/data-tools/real-time-electricity-tracker?tracker=true&from=2023-6-19&to=2023-7-19&category=demand
https://www.iea.org/energy-system/buildings/space-cooling#tracking
https://www.researchgate.net/publication/338377574_Staying_Cool_in_A_Warming_Climate_Temperature_Electricity_and_Air_Conditioning_in_Saudi_Arabia
https://www.iea.org/reports/the-future-of-cooling
https://www.iea.org/commentaries/keeping-cool-in-a-hotter-world-is-using-more-energy-making-efficiency-more-important-than-ever
https://www.iea.org/commentaries/keeping-cool-in-a-hotter-world-is-using-more-energy-making-efficiency-more-important-than-ever
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities?utm_source=social
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Final energy consumption and carbon emissions from space cooling by region, 2000-
2022 

 
IEA. CC BY 4.0. 

Source: IEA (2023), Tracking Clean Energy Progress on Space Cooling. 
 

Lack of access to appropriate cooling technologies can have severe health 
impacts. In Bangkok, for instance, heat stroke and food poisoning resulting from 
bacteria growth in unrefrigerated food have been seen to increase during heat 
waves. Vulnerable communities are often among the most affected by the heat. 
For example, in the United States heat-related deaths are higher in disadvantaged 
communities, revealing stark inequalities associated with rising temperatures in 
urban areas. Similarly in Buenos Aires, both the income and health impacts of 
extreme heat are expected to primarily affect its low-income residents.  

Between May and September 2023 power grids saw record levels of peak 
electricity demand in more than 10 countries around the world, including China, 
the United States, Canada, India, Brazil, Thailand, Malaysia and Colombia – 
together accounting for more than 60% of total global electricity demand. In some 
regions, such as in the Middle East and parts of the United States, space cooling 
can represent more than 70% of peak residential demand on hot days.  

In the United States it is estimated that for each degree Celsius of warming at the 
city scale, the energy used per square foot to cool urban buildings will increase on 
average by nearly 14%. Researchers found that more extreme heat and larger 
populations will have dramatic effects on energy use in US cities by 2050, pushing 
up the amount of electricity used to cool urban buildings per unit of floor area by 
at least 20% in some parts of the country. 
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https://www.iea.org/energy-system/buildings/space-cooling#tracking
https://onebillionresilient.org/hot-cities-chilled-economies-bangkok/
https://www.sciencedirect.com/science/article/pii/S221209552300250X#:%7E:text=Latino%2C%20Black%2C%20and%20economically%20disadvantaged,exist%20to%20inform%20heat%20adaptation.
https://www.sciencedirect.com/science/article/pii/S221209552300250X#:%7E:text=Latino%2C%20Black%2C%20and%20economically%20disadvantaged,exist%20to%20inform%20heat%20adaptation.
https://onebillionresilient.org/hot-cities-chilled-economies-buenos-aires/
https://www.iea.org/reports/energy-efficiency-2023
https://www.reuters.com/business/energy/chinas-southern-grid-sees-electricity-demand-surge-record-2023-07-11/
https://iea.blob.core.windows.net/assets/0bb45525-277f-4c9c-8d0c-9c0cb5e7d525/The_Future_of_Cooling.pdf
https://sustainability.stanford.edu/news/how-climate-change-and-population-growth-will-transform-cities-energy-use
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Looking ahead, energy demand for fans and air conditioning in Africa is expected 
to quadruple this decade as urbanisation and climate change rapidly increase the 
need for cooling. In Morocco, the penetration of cooling devices in the residential 
sector is expected to grow from just over 9% in 2015 to nearly 50% by 2030.  

According to the latest IEA World Energy Outlook 2023, based on stated policies, 
peak electricity demand in India rises fourfold by 2050 from the 2022 level, more 
than half of this driven by cooling demand. This surge in demand has the potential 
to strain power grids, increasing the risk of energy shortages. In April 2022, India 
faced its worst electricity shortage since 2016 in the middle of an extreme 
heatwave. Electricity supply fell short of demand by around 1.9 billion units, or 
1.6%. Some regions had to schedule power cuts in order to manage the surging 
power demand. 

Space cooling demand by region in the Stated Policies Scenario and Announced 
Pledges Scenario, 2021-2050 

 
IEA. CC BY 4.0. 

Source: IEA (2022), World Energy Outlook 2022. 
 

While more frequent extreme temperatures are affecting both rural and urban 
areas, cities heat up disproportionally when compared to greener countryside 
locations. With dense concentrations of buildings and paved surfaces absorbing 
and amplifying heat – especially in areas with little tree cover or green space – 
cities are increasingly becoming heat islands.  

By 2050, three times as many cities as today are expected to experience average 
summertime highs of 35°C and many of them could experience substantial 
warming of up to 4°C before the end of the century. The number of extreme heat 
days by 2050 is expected to increase 15-fold in Freetown, Sierra Leone, compared 
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https://www.iea.org/reports/africa-energy-outlook-2022/key-findings
https://www.iea.org/reports/climate-resilience-for-energy-transition-in-morocco
https://www.iea.org/reports/world-energy-outlook-2023
https://www.reuters.com/world/india/indian-heat-wave-disrupts-industrial-activity-power-demand-soars-2022-04-28/
https://www.iea.org/reports/world-energy-outlook-2022
https://www.epa.gov/heatislands
https://onebillionresilient.org/hot-cities-chilled-economies/
https://www.nature.com/articles/s41558-020-00958-8
https://onebillionresilient.org/hot-cities-chilled-economies/
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to 2020, and fivefold in Miami, United States, where a loss of labour productivity 
of an additional USD 10 billion could be incurred.  

At the international level, many countries are already paying attention to heat-
related risks. At COP28 over 60 nations signed a Global Pledge for Cooling, 
committing to take action across cooling sectors and applications in the context of 
achieving net zero emissions by 2050 by means of deploying passive cooling, 
increased efficiency and low global warming potential refrigerants.  

Grids need to expand to enable decarbonisation 
At the same time that grids are under pressure from rapidly growing demand for 
cooling in cities, they are also required to handle the surge in renewable 
generation resulting from the energy transition. As international agreements such 
as the historic UAE Consensus at COP28 signal the beginning of the end of the 
fossil fuel era, they also signal a need for global ambition for concrete measures 
to accelerate the energy transition. This means a dramatic increase in renewable 
energy development, with significant implications for electricity grids.  

Global installed renewable capacity by technology in the NZE Scenario, 2010-2030 

 
IEA. CC BY 4.0. 

Source: IEA (2023), World Energy Outlook 2023. 
 

In recent analysis by the IEA, the potential growth in renewable electricity 
generation projected out to 2028 demonstrates that new renewable capacity 
exceeds the expected global growth in demand. This outpacing indicates a slow 
decline in fossil fuel-based generation. In 2028 renewables would account for 42% 
of global electricity generation, with wind and solar PV making up 25%.  
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https://onebillionresilient.org/hot-cities-chilled-economies/
https://www.cop28.com/en/global-cooling-pledge-for-cop28#:%7E:text=Noting%20that%2C%20sustainable%20cooling%20can,Warming%20Potential%20(GWP)%20refrigerants
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/renewables-2023
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Electricity generation by technology, 2000-2028 

 
IEA. CC BY 4.0. 

Source: IEA (2023), Renewables 2023.  
 

In parallel with increasing shares of renewables, cross-sectoral decarbonisation 
continues through electrification. This evolving landscape of increasing electricity 
demand and renewables requires substantial grid upgrades to manage peak 
demand, not least in cities where the growing need for services, such as cooling 
and EV charging, coupled with distributed generation are having a particular 
impact. Achieving national goals could require adding or refurbishing over 
80 million kilometres of grids by 2040 globally, the equivalent of the entire existing 
global grid.  

Grids need to expand for universal electricity access  
Currently, sub-Saharan Africa accounts for 80% of the global population lacking 
access to electricity. This issue not only affects rural areas. To achieve universal 
access to reliable electricity in Africa by 2030, 20 million people living in urban 
areas need to gain access each year starting from 2022. Bringing access to 
modern electricity could require an annual investment of USD 25 billion, of which 
USD 22 billion would be needed for power grids (mainly distribution networks).  

While mini-grids are an important vehicle for providing electricity access and 
improving resilience among rural communities, grid-based electricity service plays 
a major role in urban areas. For example, in Kampala, Uganda, the grid is the 
main source of lighting for two-thirds of the city population. 

Reinforcing and expanding the grid at the same pace of urbanisation will be a  
unique challenge for utilities, national governments and municipalities due to 
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https://www.iea.org/reports/renewables-2023
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https://www.iea.org/reports/sdg7-data-and-projections/access-to-electricity
https://www.iea.org/reports/africa-energy-outlook-2022
https://www.iea.org/reports/africa-energy-outlook-2022
https://solarquarter.com/2023/09/28/kitonyonis-solar-mini-grid-shines-amidst-kenyas-massive-power-failure/
https://www.iea.org/reports/africa-energy-outlook-2022
https://www.iea.org/reports/uganda-2023
https://www.wri.org/insights/closing-sub-saharan-africas-electricity-access-gap-why-cities-must-be-part-solution
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obstacles such as insufficient access to finance, regulatory barriers, and political 
instabilities in some areas. For instance, in sub-Saharan Africa, the cost of capital 
can be several times higher than in advanced economies.  

In some countries, steps are being taken to expand and reinforce the power grid 
to improve access in cities. In Mauritania, grid expansion plans between the major 
cities of Nouakchott and Nouadhibou were announced in early 2023. Upgrading 
the circuit capacity is likely to provide access to 12 000 additional customers. Mali 
is about to receive more than USD 200 million to upgrade the electricity grid in 
certain areas, including Bamako and its surroundings. The investment is expected 
to reduce the city’s reliance on small and polluting rental power plants and 
decrease transmission grid losses (from 8.5% to 4.5% by 2028). Also, expansion 
in secondary cities will provide electricity to about 400 000 people and more than 
1 000 public facilities.  

Share of urban population with access to electricity in selected regions, 2000-2021 

 

IEA. CC BY 4.0. 

Source: The World Bank (2021), Access to electricity (percentage of urban population). 
 

Activating flexibility in cities 

Future grids need new sources of flexibility 
At present, dispatchable thermal power plants and pumped hydropower, currently 
the largest source of renewable energy, provide most of the flexibility required 
across all timescales. Flexibility, in the most basic terms, is the ability to respond 
in a timely manner to variations in electricity supply and demand. New sources of 
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https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/data-and-statistics/data-tools/cost-of-capital-observatory
https://www.iea.org/reports/renewable-energy-opportunities-for-mauritania
https://www.esi-africa.com/west-africa/mali-extensive-electricity-network-upgrade-on-the-cards/
https://data.worldbank.org/indicator/EG.ELC.ACCS.UR.ZS?locations=ZG
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/world-energy-outlook-2023
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flexibility need to come online to maintain grid reliability as thermal power plant 
production declines as they are phased out in the coming decades.  

The main sources will particularly be batteries and other storage, and demand 
response. Demand response refers to balancing demand and supply on power 
grids by encouraging customers to shift electricity demand to times when 
electricity is more plentiful or other demand is lower. Electricity storage and 
demand response are identified as critical services to power systems. Batteries, 
both distributed (behind-the-meter) and larger grid-scale installations, can provide 
valuable system flexibility, especially in systems with high shares of PV and peak 
demand in evening hours, by absorbing excess generation during the day and 
releasing it during the evening. Curtailment, the switching off of renewables to 
prevent grid exports, is a further source of flexibility, albeit an unwelcome one.  

Global power system flexibility needs and supply in the Announced Pledges Scenario 

 
IEA. CC BY 4.0. 

Notes: Short-term and seasonal flexibility needs are computed for 2030 and 2050 taking into account changes in electricity 
supply and demand and weather variability over 30 historical years. Demand response includes the flexible operation of 
electrolysers. 
Source: IEA (2023), World Energy Outlook 2023. 
 

While curtailment is rising overall in an increasing number of countries, the 
percentage of wind and solar PV generation going unused remains relatively low. 
Typically, curtailment rates range from 1.5% to 4% in most major renewable 
energy markets, although they tend to be higher in regions that need substantial 
grid infrastructure expansion to connect renewable energy installations to 
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consumption centres. Failure to invest in infrastructure can contribute to increased 
curtailment, with further financial consequences. 

In the United Kingdom, the cost of wind curtailment hit a record high of more than 
GBP 500 million in 2021, while in 2022 consumers paid GBP 215 million to turn 
wind farms off. If this electricity could have been stored and dispatched when 
needed, then the cost of almost GBP 720 million to buy gas-fired power to make 
up the difference in supply and demand could have been avoided, with the 
additional GHG emissions also avoided. National Grid estimated that curtailment 
due to grid constraints could increase fourfold, with costs forecast to reach 
GBP 2.5 billion a year by the end of this decade. IEA analysis suggests that 
digitally enabled demand response could reduce the curtailment of variable 
renewable energy systems by more than 25% by 2030, increasing system 
efficiency and reducing costs for customers. 

The progressive electrification of end uses offers new opportunities for load 
shifting in cities, with EVs and electric heating/cooling playing a major part. To 
make progress towards achieving a net zero energy system, the contribution 
needed from demand response would need to rise to as much as 500 GW in 2030, 
around a tenfold increase from 2020 levels.  

EVs are expected to make up nearly 40% of global new car sales by as early as 
2030 on the basis of announced policies. Integrating EVs into the grid requires 
careful balancing with other distributed energy resources such as heat pumps, air 
conditioning, battery storage and rooftop solar. It is important to note that while 
urban demand response can offer significant system- and cost-related benefits, it 
typically requires upfront investment to become available in the first place. 
Consequently, local grid upgrades become imperative, especially in urban 
environments where residential charging clusters or space conditioning can 
contribute to grid congestion during peak periods. A cost-benefit analysis on EV 
deployment in New York indicates potential challenges, with around 
USD 2.3 billion more required in grid upgrades unless peak demand is managed 
efficiently.  

In the US city of Palo Alto, 80% of all vehicles need to be EVs by 2030 to meet its 
Sustainability and Climate Action Plan goals, equivalent to around 
100 000 vehicles. A recent impact study found that without improvements to its 
grid infrastructure, more than 95% of the city’s low-voltage transformers would be 
overloaded. Similar challenges are faced in New York, where summer peak load 
leaves large urban areas with insufficient capacity to manage high EV demand. 
While not exclusive, many of the locations with low grid capacity are also 
associated with disadvantaged communities. 

However, despite these challenges, smart technologies enabling demand 
response are capable of providing part of the solution to managing peak demand 

https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.nsenergybusiness.com/features/examining-challenges-costs-wind-farm-curtailment-uk-energy-market/
https://www.iea.org/reports/unlocking-smart-grid-opportunities-in-emerging-markets-and-developing-economies
https://iea.blob.core.windows.net/assets/bfe623d2-f44e-49cb-ae25-90add42d750c/ManagingSeasonalandInterannualVariabilityofRenewables.pdf
https://www.iea.org/reports/world-energy-outlook-2023
https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
https://www.ethree.com/e3-finds-up-to-5-billion-in-benefits-from-ev-adoption-in-new-york/
https://www.cityofpaloalto.org/files/assets/public/agendas-minutes-reports/agendas-minutes/utilities-advisory-commission/archived-agenda-and-minutes/agendas-and-minutes-2020/11-04-2020-special/id-11639-item-no-3.pdf
https://coned.maps.arcgis.com/apps/MapSeries/index.html?appid=edce09020bba4f999c06c462e5458ac7
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periods, with their potential to reduce grid stress often being demonstrated in cities 
first. There are plans to expand the use of virtual power plants (VPPs) in which 
digitally enabled technologies act as management systems to operate many 
aggregated distributed systems as a single unit, to maximise their assets.  

In Australia, the University of Queensland installed the state’s largest behind-the-
meter battery, with 1.1 MW of capacity and 2.15 MWh of storage. By joining Enel 
X’s Virtual Power Plant, the university earned more than USD 47 000 in the first 
quarter of operations, while supporting renewable integration and grid balancing.  

In the city of Huzhou, China, an air conditioner demand-side management pilot 
was the first of its kind aimed at the residential sector. Wi-Fi-connected air 
conditioners were enabled, allowing users to adjust their settings via a smartphone 
app in response to prompts from the system operator. The Chinese government 
has developed demand-side management plans to cover at least 5% of the 
country’s electricity consumption by 2025, mostly from industry and cooling in 
public sector buildings. The city of Pinghu is developing an air-conditioning flexible 
regulation and control system, with a controllable load of 15 MW to allow flexible 
control of air conditioning. By modifying the local central air-conditioning 
temperature regulation settings, the city can benefit from an additional 15 MW of 
flexible load.  

There is also the potential to boost efficacy by blending digital innovation with more 
traditional measures. A renovation project in San Diego, California, combined 
energy efficiency measures to reduce demand in the long-term and help to 
alleviate peaks, together with a VPP consisting of batteries and solar PV. The 
project achieved a 30% reduction in the total energy demand and a notable 
reduction in peak demand. 

The benefits of flexibility are multiple 
New infrastructure is clearly necessary to respond to the growing peak load and 
ensure that grids can manage greater amounts of electricity. In the 
European Union cross-border interconnections between member states’ grids 
need to double due to electricity demand rising by as much as 60% by 2030. In 
the United States it is estimated that 10% of all infrastructure investment costs are 
incurred to manage 1% of the annual demand. However, deploying demand 
flexibility and energy efficiency, if properly leveraged, could reduce some of the 
need for costly grid upgrades, with the potential to save USD 2-3 for each USD 1 
spent on peak demand reduction.  

Flexibility-related benefits extend beyond immediate cost savings, and offer the 
potential for continued economic benefit into the coming decades. In the 
United Kingdom recent studies have demonstrated that maximising energy 
system flexibility has significant benefits. By 2030 system flexibility from heating 

https://www.enelx.com/au/en/resources/university-of-queensland-vpp-participation-fcas
https://www.enelx.com/au/en/resources/university-of-queensland-vpp-participation-fcas
https://www.cleancoolingcollaborative.org/blog/smart-cooling-solutions-exploring-the-role-of-demand-side-management-in-china/
https://www.cleancoolingcollaborative.org/blog/smart-cooling-solutions-exploring-the-role-of-demand-side-management-in-china/
https://statics.teams.cdn.office.net/evergreen-assets/safelinks/1/atp-safelinks.html
https://news.bjx.com.cn/html/20230907/1330479.shtml
https://www.iea.org/reports/efficient-grid-interactive-buildings
https://ec.europa.eu/commission/presscorner/detail/en/ip_23_6044
https://info.aee.net/hubfs/IN%20DR%20Study%20Final.Feb.7.2018.pdf
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and transport could reduce renewable curtailment annually by around 30 TWh, 
avoid the need to increase distribution system grid capacity by 25%, and save 
about GBP 5 billion each year. Examples from the Centre for Net Zero underscore 
the potential for cities to play a pivotal role in managing peak demand, aligning 
with broader user-centred approaches. In Paris, in an ambitious scenario where 
80% of vehicles are EVs by 2030 and 10% of buildings are equipped with solar 
PVs and battery storage, 20% of heating and cooling peak demand as well as 
40% of EV charging demand could be shifted to off-peak hours of the day, with 
significant benefits to the system. 

Status of demand-side flexibility options 

 Sub-hourly Daily Weekly 

Smart EV charging     
Electric water 

heaters    

Heat pumps    

Data centres    
Note: Ability to provide flexibility:  = yes;  = yes, under conditions/not mature;  = no. 
Source: Artelys (2023), Power System Flexibility in the Penta region, as modified by the IEA. 

There is significant potential to deploy flexibility services in the form of demand 
response to offset some of the costs of increasing power generation capacity. 
Flexible assets can react to signals in the market to reduce or shift demand for a 
period of time until the load on the grid reduces. Alternatively, grid conditions may 
be such that there is an excess of renewable energy available, and grid operators 
may encourage customers to increase their demand to absorb abundant clean 
electricity to reduce curtailing supply. By accessing a large, aggregated volume of 
customers to reduce demand and ensure grid conditions are met, more efficient 
grid expansion could become possible. One estimate is that leveraging residential 
demand flexibility in the United States could avoid annual grid investment of 
USD 9 billion, representing more than 10% of the forecast total national 
expenditure on grids.  

There is also an energy security consideration during periods of anticipated high 
demand. In New York, the system operator offers several demand response 
programmes designed to reduce load on the system during grid emergencies or 
when shortages are anticipated. The Emergency Demand Response Program 
offers the opportunity to earn up to USD 500/MWh for curtailing energy 
consumption, thus benefiting programme participants. As of July 2022, a total of 
4 630 end-use locations were enrolled in one of the demand-response 
programmes, representing a total capacity of 1 234 MW of demand response. 

https://zenodo.org/records/10781213
https://www.centrefornetzero.org/wp-content/uploads/2022/12/Clean-Energy-Cities-Framework-Centre-for-Net-Zero.pdf
https://www.artelys.com/wp-content/uploads/2023/03/Power-System-Flexibility-Penta-region-%E2%80%93-Current-State-and-Challenges-for-a-Future-Decarbonised-Energy-System.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://rmi.org/wp-content/uploads/2017/05/RMI_Document_Repository_Public-Reprts_RMI-TheEconomicsofDemandFlexibilityFullReport.pdf
https://www.nyiso.com/documents/20142/36044924/NYISO-2022-Annual-Report-on-Demand-Response-Programs-FINAL-V2-CLEAN.pdf/eb5a9d7d-7a2b-ff34-44c3-65f0079a9476
https://www.nyiso.com/documents/20142/36044924/NYISO-2022-Annual-Report-on-Demand-Response-Programs-FINAL-V2-CLEAN.pdf/eb5a9d7d-7a2b-ff34-44c3-65f0079a9476
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Digital technologies and analytics enable flexible urban 
solutions 

Tapping into the latent demand-side flexibility and energy efficiency potential 
requires a high level of digital integration to process large data flows in real time, 
which is not possible using traditional computational methods. The emergence of 
machine learning and artificial intelligent models may help unlock more rapid 
progress on efficiency by providing more granular information and timely 
processing of data. This could increase the visibility of information and maximise 
energy savings for individuals, enable businesses to manage operations more 
efficiently, provide system flexibility and improve predictions and forecasting for 
system operators. Cities are often the first to implement new digitally enabled 
systems and are poised to enable the development of smarter power systems. 

Digital technologies play a pivotal role in the evolving energy landscape, and 
smarter power systems in particular. Smart charging (also known as responsive 
charging), electric heating, battery storage and demand response are crucial 
elements in meeting flexibility needs. For instance, smart charging of EVs and 
demand response in buildings and by urban and peri-urban industrial users could 
provide up to 35% of the short-duration flexibility needed to manage the variability 
of renewables.  

Recent IEA analysis illustrates the impacts of flexible resources in India’s future 
power system. By using digitalisation and flexible-load strategies for buildings 
appliances by 2030, the peak load (total load minus solar and wind generation) 
would be reduced approximately by around 13% compared to the base case in 
which appliances operate under a fixed pattern. Additionally, the flexible operation 
enabled by digital tools in this model decreases variable renewable energy (VRE) 
curtailment by around 78%. Reducing curtailment of renewables will be important 
to maximise the potential of assets as India strives to achieve 100 GW of installed 
capacity in the same timeframe. 

https://www.iea.org/commentaries/why-ai-and-energy-are-the-new-power-couple
https://www.iea.org/commentaries/why-ai-and-energy-are-the-new-power-couple
https://www.sciencedirect.com/science/article/pii/S2666546820300434
https://www.sciencedirect.com/science/article/pii/S2666546820300434
https://www.sciencedirect.com/science/article/pii/S0142061521002878
https://www.sciencedirect.com/science/article/pii/S0142061521002878
https://www.sciencedirect.com/science/article/pii/S136403212030191X
https://www.sciencedirect.com/science/article/pii/S0142061521007444
https://www.sciencedirect.com/science/article/pii/S0960148120305930
https://www.sciencedirect.com/science/article/pii/S0960148120305930
https://www.iea.org/reports/managing-seasonal-and-interannual-variability-of-renewables
https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
https://www.ndtv.com/india-news/india-achieves-70-10gw-solar-energy-against-target-of-100gw-by-2022-4245536
https://www.ndtv.com/india-news/india-achieves-70-10gw-solar-energy-against-target-of-100gw-by-2022-4245536
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India net load curve of sample days in summer in the Announced Pledges Scenario, 
2030 

 
IEA. CC BY 4.0. 

Notes: Net load refers to total load minus wind and solar PV generation. In the Base case electrical appliances operate 
under a fixed operation pattern. In the Flexibility case digital technologies determine the operational patterns of electrical 
appliances, considering market conditions (one-hour flexibility for heating and cooling assumed). In the Enhanced flexibility 
case digital technologies enable electrical appliances to have more extended and larger-scale demand shifting than in the 
flexibility case (five-hour flexibility for heating and cooling assumed). 
Source: IEA (2023), Using Digitalisation in Emerging Markets and Developing Economies to Enable Demand Response in 
Buildings. 
 

Half of the global potential for demand response is anticipated to come from 
buildings, particularly those adopting zero-carbon practices that rely on 
digitalisation and automation. Therefore, accelerating the deployment of grid-
responsive appliances is paramount to untapping demand response. As a part of 
the IEA Technology Collaboration Programme Energy Efficient End-use 
Equipment (4E), the Efficient, Demand Flexible Networked Appliances 
Annex (EDNA) is providing analysis and policy guidance to members and other 
governments aimed at improving the energy efficiency and the flexibility readiness 
of connected devices. For example, heat pumps equipped with smart technology 
play an important role in more than doubling EU demand‐side flexibility by 2030, 
their share of total flexibility resources jumping from 8% in 2021 to around 12% in 
2030.  

Leveraging distributed energy resources and microgrids 
in cities 

There are many potential benefits to leveraging distributed energy resources such 
as rooftop solar PV, battery storage and other grid-connected assets. In the case 
of outages, one way to provide backup power is through distributed energy 
resources. City governments can consider adding distributed energy resources 
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https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
https://www.iea.org/reports/using-digitalisation-in-emerging-markets-and-developing-economies-to-enable-demand-response-in-buildings
https://www.iea.org/energy-system/energy-efficiency-and-demand/demand-response
https://www.iea.org/energy-system/energy-efficiency-and-demand/demand-response
https://www.iea-4e.org/
https://www.iea-4e.org/
https://www.iea-4e.org/edna/
https://www.iea-4e.org/edna/
https://www.iea.org/reports/the-future-of-heat-pumps
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such as batteries to municipal buildings as a way of ensuring continuity of 
government function during power outage. Incentives to encourage distributed 
energy resources in other locations can also promote wider community resilience, 
especially for buildings providing critical services, such as hospitals. 
Santa Barbara has installed a battery energy storage system at its water treatment 
plant that is projected to alleviate pressure on the power grid and save the city 
USD 700 000 in energy costs over the next 20 years. In the US, AVA Community 
Energy serves more than 14 cities, providing access to distributed solar PV 
systems and batteries at no upfront costs and reinvesting earnings to create local 
clean energy jobs and projects.  

Microgrids can help improve resilience and provide power during outages. 
Los Angeles Department of Water and Power established a community-oriented 
microgrid facility at one of its fire stations. The project consists of a rooftop solar 
system combined with a 40 kWh battery energy storage system. In the event of a 
grid outage, the facility can operate independently using the microgrid system. 
Beyond applications in urban areas, microgrids are an important vehicle towards 
increasing access and improving resilience of communities as was demonstrated 
in August 2023 in Kenya, where despite a 24-hour power outage across the whole 
country, the village of Kitonyoni managed to keep the lights on thanks to a solar 
mini-grid. 

Rome demonstrates urban flexibility for higher 
renewables integration 

Effective system planning is thus crucial for well-integrated wind and solar PV 
growth and should encompass considerations such as the regional distribution of 
generation and the development of policies to encourage system flexibility. 
Additionally, power markets can evolve beyond the traditional design and 
regulation models to create a more accommodating environment for higher 
renewable energy integration, as demonstrated by the Romeflex project. In 2021 
ARERA, the Italian Regulatory Authority for Energy, Networks and Environment, 
set rules to allow distribution system operators (DSOs) to experiment with projects 
for local flexibility markets, aimed at providing local ancillary services 
(e.g. congestion resolution, voltage regulation) to the distribution network. Among 
the DSO projects approved by ARERA, Rome’s DSO Areti started to implement 
the Romeflex pilot project, while Italy’s largest DSO, e-distribuzione, awarded its 
first round of tendering under its EDGE project at the end of 2023, with additional 
rounds planned for 2024. For this pilot project, e-distribuzione identified specific 
areas in Benevento, Cuneo, Foggia and Venezia provinces, characterised by the 
presence of users eligible for providing local flexibility services and thousands of 
prosumers connected to the medium- and low-voltage networks 

https://www.independent.com/2023/12/11/new-battery-energy-system-brings-sustainability-and-resiliency-to-santa-barbaras-energy-system/
https://avaenergy.org/about/
https://avaenergy.org/about/
https://www.nrel.gov/docs/fy21osti/75909.pdf
https://www.nrel.gov/docs/fy21osti/75909.pdf
https://www.cbsnews.com/news/kenya-power-outage-call-for-investigation-possibl-sabotage-coverup/
https://solarquarter.com/2023/09/28/kitonyonis-solar-mini-grid-shines-amidst-kenyas-massive-power-failure/
https://www.gruppo.acea.it/en/media/press-releases-and-news/press-releases/2023/09/areti-and-the-gme-present-the-romeflex-project
https://www.e-distribuzione.it/content/dam/e-distribuzione/documenti/progetti_e_innovazioni/edge/Regolamento_edge_Delibera_352_2021.pdf
https://www.gruppo.acea.it/en/media/press-releases-and-news/press-releases/2023/09/areti-and-the-gme-present-the-romeflex-project
https://www.e-distribuzione.it/progetti-e-innovazioni/il-progetto-edge.html
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Flexibility needs and solutions in Rome 

A study carried out by the DSO Areti in the city of Rome estimated that peak load 
could reach 3 300 MW by 2032, with periods of peak electricity demand above 
2 500 MW occurring for about 1 000 hours per year. Deploying demand-side 
flexibility measures during peak hours could help reduce peak demand and 
contribute to slowing the need for grid expansion by leveraging up to 720 MW of 
distributed resources by 2032, consisting of battery storage, EVs, and heating and 
cooling systems. 

Estimated flexibility potential in Rome, Italy, 2023-2032 

 
IEA. CC BY 4.0. 

Source: IEA analysis based on data by Areti. 

To explore the potential flexibility available, in partnership with the electricity 
market operator GME, Areti is implementing the Romeflex pilot project to test a 
local flexibility market that would allow 1.7 million customers to modulate their 
energy consumption and production in return for remuneration based on the 
capacity they make available and on the actual service provided, thus offering 
flexibility services to the electricity grid.  

Under Romeflex, customers ranging from 3 kW residential houses to industrial 
sites can individually or in aggregated form participate in auctions targeted at 
specific urban zones and for an identified period. The first auction closed in 
November 2023 and saw wide participation among aggregators and prosumers, 
resulting in 3 MW of flexibility mobilised for the period February-April 2024.  

The open digital platforms used to procure flexibility in Romeflex were initially 
tested in a European pilot project (PLATONE). They have been scaled up and 
integrated into the grid control systems and the market platform of Italy’s national 
energy market operator, indicating their potential for replication in other energy 
markets. 
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https://www.gruppo.acea.it/en/media/press-releases-and-news/press-releases/2023/09/areti-and-the-gme-present-the-romeflex-project
https://www.areti.it/conoscere-areti/innovazione/progetto-romeflex/come-partecipare
https://www.areti.it/conoscere-areti/news/2023/assegnata-potenza-flessibile-asta
https://www.platone-h2020.eu/
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Chapter 3: Community at the heart 
of the city 

Key takeaways 
• Community-focused initiatives can improve access to clean energy technologies, 

reduce costs and relieve strain on power systems. In the United Kingdom more 
than 200 000 people are engaged in projects and have contributed to reduced 
bills for participants worth over GBP 3 million. 

• Interest in community and local energy projects is growing, with some countries 
providing significant financial and technical support. In the European Union at 
least 2 million people are engaged in more than 7 700 community projects. 

• Implementation of community projects is on the rise, creating opportunities to 
learn and build on emerging best practices. Local solar development in the 
United States can create five more jobs on a per-megawatt basis than utility-
scale solar generation. 

Community energy projects 

Community-focused initiatives can offer multiple 
benefits 

Increasingly, community-centred approaches are being developed and 
implemented to accelerate the transition to clean and efficient energy systems, 
for example, community procurement, people-led renovation, community 
microgrids, energy communities, community virtual power plants, and positive 
energy districts. Community energy projects can be framed as part of a broader 
effort to promote environmental sustainability and social inclusion, by reducing 
reliance on fossil fuels and promoting clean energy technologies. At the same 
time, these initiatives enable individuals and communities to take an active part 
in clean energy transitions and can also build trust, enhance public acceptance, 
and support affordability, equity and fairness.  

Moreover, from a city and power system planning perspective, community or 
neighbourhood-focused approaches can offer economies of scale via 
aggregation and enable more systematic approaches to achieving efficient and 
flexible electricity demand. Digital technologies such as smart meters, 
management systems, trading platforms and systems to collect and share data 
 

https://annex83.iea-ebc.org/
https://annex83.iea-ebc.org/
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are also enablers opening up new opportunities. Digital platforms and tools are 
making it easier to set up co-operatives, engage stakeholders, make investments 
and exchange electricity. 

There are many examples of initiatives worldwide where communities are taking 
ownership of their energy resources, managing them collectively, and benefiting 
economically and socially. These global movements of community-owned and 
managed renewable energy projects demonstrate that they not only contribute to 
the fight against climate change, but also address social and economic 
challenges within communities. Specific awareness campaigns and training on 
community energy management, including for energy community managers, 
have been established in Canada, France, Spain and the United Kingdom, as 
well as by ICLEI in Europe.  

Community-centred energy projects are also effective vehicles for more 
inclusive, equitable and resilient energy systems. They are showing clear 
benefits across the globe by deploying renewable technologies as indicated 
below, by improving efficiency, supporting reliable power supply, reducing bills 
and generating local jobs.  

Community-focused initiatives and their impacts 

 
IEA. CC BY 4.0. 

 

Interest in community approaches is growing 
An increasing number of countries are allocating significant funds to support 
community-based clean energy projects. The Italian National Recovery and 
Resilience Plan has allocated EUR 2.2 billion to support energy communities 
and self-consumption, while the USD 370 billion US Inflation Reduction Act of 
2022 offers additional financial incentives for community-based clean energy 

https://www.communityenergy.ca/our-solutions/coaching-and-education/certificate-in-community-energy/
https://energie-partagee.org/monter-projet/formations/details-preinscriptions/
https://www.fenage.com/curso-gestor-comunidades-energeticas/
https://energyredress.org.uk/case-studies/citizen-outreach-coalition
https://communityenergyacademy.eu/
https://www.iea.org/commentaries/empowering-people-the-role-of-local-energy-communities-in-clean-energy-transitions
https://www.iea.org/commentaries/empowering-people-the-role-of-local-energy-communities-in-clean-energy-transitions
https://www.italiadomani.gov.it/content/sogei-ng/it/en/Interventi/investimenti/promozione-rinnovabili-per-le-comunita-energetiche-e-l-auto-consumo.html
https://www.whitehouse.gov/cleanenergy/inflation-reduction-act-guidebook/
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projects. In January 2023 the US Department of Energy launched a 
USD 50 million programme to help communities meet their clean energy goals. 
The programme connects local governments, electric utilities and community-
based groups, and provides tools, technical partnerships and peer-to-peer 
learning. The Australian government launched the AUD 40 million (Australian 
dollars)1 Energy Efficiency Communities Programme in 2020, offering grants to 
small businesses and community organisations to undertake collective efficiency 
and renewable projects. In Colombia, Las Comunidades Energéticas (the Energy 
Communities) initiative was launched with the objective of promoting collective 
actions to improve access to clean and affordable energy for vulnerable 
communities as well as to decentralise and democratise energy. These 
communities generate, and efficiently use, clean energy and distributed energy 
resources. The number of registered communities in Colombia amounts to 
almost 13 000 as of February 2024. 

Levels of interest in participating in energy communities is increasing as new 
opportunities are created and as awareness rises about the benefits that can be 
accessed. At least 2 million people in the European Union are involved in more 
than 7 700 energy community projects. In Australia community energy groups 
now have more than 44 000 members – a doubling compared to 2015. In the 
United Kingdom approximately 220 000 people are engaged in community 
energy projects. 

Examples of community-focused 
approaches for inclusive energy transitions 
in cities 

Local procurement initiatives advance clean energy 
Community-led or community-centred bulk clean energy procurement, when 
effectively planned, is an advanced way of integrating diversity, equity and justice 
into the community’s energy transition, as well as improving the resilience of local 
energy systems. Community-centred inclusive procurement and ownership yield 
multiple benefits to the community, including strengthening clean energy 
investment in the area, enabling local vendors to provide better customised 
services to the community, creating local jobs, and improving the affordability of 
technologies and energy. In a pilot project in the Indian city of Lucknow, residents 
were able to sell their surplus rooftop electricity production to other prosumers 
and consumers through the use of a peer-to-peer (P2P) digital trading platform. 
This allowed for surplus production to be sold to peers at a price higher than the 

 
 

1 Exchange rate: 1 Australian Dollar (AUD) = EUR 0.61 = USD 0.66 (as of 04 April 2024). 

https://www.energy.gov/articles/doe-launches-new-50-million-program-help-communities-meet-their-clean-energy-goals
https://www.energy.gov/articles/doe-launches-new-50-million-program-help-communities-meet-their-clean-energy-goals
https://www.eec.org.au/news/industry-news/article/commonwealth-government-opens-the-community-organisations-stream-of-the-energy-efficient-communities-program
https://www.minenergia.gov.co/es/comunidades-energeticas/
https://www.minenergia.gov.co/es/comunidades-energeticas/
https://publications.jrc.ec.europa.eu/repository/handle/JRC134832
https://onestepoffthegrid.com.au/community-renewables-projects-now-powering-thousands-of-homes-study-reveals/
https://communityenergyengland.org/pages/state-of-the-sector
https://cebuyers.org/blog/beyond-the-megawatt-clean-energy-procurement-can-optimize-positive-impacts-on-communities-and-planet/#:%7E:text=More%20thoughtful%20clean%20energy%20procurement,disasters%20and%20supply%20chain%20disruptions
https://kesco.co.in/wss/downloads/15.%20Annexure-15%20-%20ISGF%20Report.pdf
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regulated one and for consumers to benefit from local clean energy while also 
cutting their electricity bills, as the electricity price in the trial was 43% below the 
central market price.  

Community-focused approaches can help reduce the cost of technologies and 
improve energy access. In the United Kingdom, Solar Together, a group-buying 
scheme for PV panels and battery storage, is helping bring down technology 
costs to improve affordability and access in co-operation with local councils. In 
the city of Liverpool, this approach reduced average installation costs by 26%. 
Other UK community energy projects targeted energy storage, new EV charge 
points and a mixture of solar, wind and hydro generation, producing over 
500 GWh of electricity – enough electricity to satisfy the demand of almost 
175 000 homes. They also resulted in GBP 3.35 million of savings on energy bills 
in 2021 – equivalent to the annual average energy bills of more than 
2 500 households in that year – and created more than 180 new full time 
equivalent jobs.  

In the United States, a recent study indicated that a community solar pilot project 
in Ohio could yield earnings of almost USD 2.5 billion, with local tax revenue of 
and around USD 410 million over its lifetime. Community solar subscribers in the 
US generally save 10-20% on their monthly energy costs, lowering the energy 
burden that many low-income households experience. In the United States, local 
solar development can create five more jobs on a per-megawatt basis than utility-
scale solar generation. Integrating, optimising and growing local solar and power 
storage could create 1.4 million US jobs by 2050, increasing to 2 million if 
supported by clean electricity targets. Creative and conscious procurement, 
although not directly operated by the community itself, ensures more equitable 
energy transitions for local communities. These procurements are done by large 
buyers, mostly leveraging corporate renewable energy purchases to enhance 
local communities’ engagement and benefits. For example, the Clean Energy 
Buyer Institute aims to support climate-resilient communities, focusing on 
communities of colour, rural communities, and coastal and island communities.  

A local approach can deliver social benefits  
Community-focused projects can also enhance access to energy and increase 
resilience. Peace Renewable Energy Credits (P-RECs) are an extension of 
Energy Attribute Certificates, which are an internationally traded virtual 
commodity representing 1 MWh of renewable energy generated to include 
environmental and social benefits from projects in fragile settings. Governments, 
utilities, companies and individuals can purchase credits to meet mandatory or 
voluntary sustainability goals. The funding stream can provide developers with 
an additional revenue stream, enabling access to term finance that may not 
otherwise be available. The major ICT company Microsoft secured two 

https://www.powerledger.io/media/powerledger-pilot-in-india-leads-to-legislative-change
https://solartogether.co.uk/
https://www.liverpoolcityregion-ca.gov.uk/news/up-to-1000-homes-across-the-liverpool-city-region-set-to-be-fitted-with-solar-panels-as-part-of-a-group-buying-scheme-to-help-cut-energy-bills-and-carbon-emissions
https://communityenergyengland.org/pages/state-of-the-sector
https://communityenergyengland.org/files/document/626/1655376945_CommunityEnergyStateoftheSectorUKReport2022.pdf
https://communitysolaraccess.org/news/new-study-finds-ohio-community-solar-could-yield-more-than-3-49-billion-in-gross-state-product-400-million-in-local-tax-revenue
https://pv-magazine-usa.com/2021/04/09/expanding-community-solar-can-bring-jobs-and-economic-benefits-to-hard-hit-communities/
https://static1.squarespace.com/static/5f4637895cfc8d77860d0dbc/t/5fd39999439c7c5ec221499b/1607702942515/Local+Solar+Roadmap+White+Paper+as+PPT+FINAL.pdf
https://pv-magazine-usa.com/2021/04/09/expanding-community-solar-can-bring-jobs-and-economic-benefits-to-hard-hit-communities/
https://www.greenbiz.com/article/delivering-benefits-through-impactful-renewable-energy-procurement
https://cebi.org/wp-content/uploads/2023/08/Clean-Energy-Buyers-Institute-Primer_Maximizing-Community-Co-Benefits-Through-Clean-Energy-Procurement.pdf
https://cebi.org/wp-content/uploads/2023/08/Clean-Energy-Buyers-Institute-Primer_Maximizing-Community-Co-Benefits-Through-Clean-Energy-Procurement.pdf
https://www.energypeacepartners.com/prec
https://www.prnewswire.com/news-releases/first-repeat-peace-rec-p-rec-transaction-to-expand-funding-for-goma-solar-project-301548570.html
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investments in the Democratic Republic of the Congo, the first in 2020 and the 
second in 2022. One of the funded projects installed night-time street lighting 
connected to the neighbourhood solar mini-grid, which enabled 70% of 
businesses to operate longer hours in the evening. Another expanded support 
on energy access, such as first-time electricity connections for the community 
and contributing a new 3.7 MW solar metro-grid to benefit almost 20 000 people.  

Community microgrids can also enable prosumers to exchange and trade energy 
via P2P energy sharing. This sharing co-operation within communities minimises 
energy imports from other suppliers outside the community while also minimising 
the energy cost. The Community Microgrid Initiative in the United States aims to 
provide indefinite renewables-driven backup power to critical facilities. It focuses 
on enabling disadvantaged groups to meet emergency power and instant 
recovery needs, and even to build back better after disasters such as wildfires 
and heavy rain.  

Also in the United States, the Valencia Gardens Energy Storage project was 
designed to support low-income and senior housing facilities consisting of around 
260 units in San Francisco. It is expected to deliver multiple benefits such as 
reducing peak loads, enabling ancillary grid services, and enhancing grid 
resilience and security. Over 20 years, it is estimated that the project will save 
USD 1.3 million off electricity bills and achieve USD 4.6 million in economic 
stimulation.  

In Adjuntas, Puerto Rico, some residents were without power supply for almost 
a year after Hurricane Maria in 2017. A new co-operatively owned solar microgrid 
project harnessing 700 solar panels in the town centre and a 187 kW battery 
storage system will enable 14 local businesses to produce their own electricity 
and to run for about 10 days, even when disconnected with the main grid. In 
Bawley Point and Kioloa, two small, remote coastal towns in Australia prone to 
bushfires and strong storms, are in the process of developing self-contained 
microgrids where approximately 100 homes would purchase rooftop solar and/or 
a battery with subsidies from the USD 5.3 million project.   

Community energy initiatives can support power system 
reliability 

There are obvious direct benefits to the local communities, as demonstrated, but 
supporting community-based projects also offers wider grid benefits. Consuming 
electricity close to the generation source can help avoid power system losses 
and enhance energy efficiency and can also provide additional grid balancing 
services, further improving grid resilience. For example, in northern Perth, 
Australia, a battery resource shared by around 120 households resulted in 
collective savings of over AUD 81 000 during a five-year period. The battery also 

https://www.prnewswire.com/news-releases/first-repeat-peace-rec-p-rec-transaction-to-expand-funding-for-goma-solar-project-301548570.html
https://humanitariangrandchallenge.org/seed-stories-the-peace-renewable-energy-credit-unlocking-renewable-energy-solutions-in-conflict-settingsseed-stories/
https://humanitariangrandchallenge.org/seed-stories-the-peace-renewable-energy-credit-unlocking-renewable-energy-solutions-in-conflict-settingsseed-stories/
https://clean-coalition.org/community-microgrid-initiative/
https://clean-coalition.org/community-microgrids/valencia-gardens-energy-storage-project/
https://time.com/6264631/puerto-rico-adjuntas-solar-microgrid/
https://www.microgridknowledge.com/community-microgrids/article/33009609/new-community-microgrid-brings-resilience-to-nsw-coastal-communities
https://www.iea.org/commentaries/empowering-people-the-role-of-local-energy-communities-in-clean-energy-transitions
https://www.iea.org/commentaries/empowering-people-the-role-of-local-energy-communities-in-clean-energy-transitions
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helped ease the strain on the grid by enabling an 85% reduction in consumption 
of electricity from participating households at peak times.  
In Italy, the Magliano Alpi energy community installed solar PV on the town hall 
roof, and in collaboration with the EU Joint Research Centre has developed 
digital tools to forecast energy generation and demand and share electricity. This 
investment has enabled the community to use their solar PV systems more 
effectively and cover 35% of their electricity needs. Increased reliance on their 
own generation resources during peak demand periods alleviates grid stress and 
has helped defer expensive infrastructure upgrades. Based on Magliano Alpi’s 
experience, a local company specialising in solar PV installations and EV mobility 
created an operational group, GO-CER, to support the creation of renewable 
energy communities. The network gathers a variety of local professionals and 
experts to help set up and operate energy communities.  

When configured as community-based VPPs, energy communities can further 
contribute to the provision of flexibility to the electricity system. When coupled 
with advanced digital technologies such as machine learning algorithms, they 
have significant potential to improve the economic value to the community and 
carbon emission reduction performance. A study in the city of Greater Bendigo, 
the third-largest city in the Australian state of Victoria, showed that one project 
enabled by advanced digital technologies could halve the carbon emissions 
within the area in ten years with a probability of more than 70%, and lower the 
electricity price by up to one-sixth of the current level. In the United Kingdom the 
Flex Community is bringing together households and businesses to trial new 
approaches to community solar projects, electricity trading between neighbours 
and managed EV charging to better match electricity demand and supply.  

Flexibility contribution from energy communities 

 
Source: Regulatory Assistance Project (2021), Energy communities with grid benefits: A quest for a blueprint, as modified 
by the IEA.  
 

https://cermaglianoalpi.it/index.php/who-we-are/?lang=en
https://energy-communities-repository.ec.europa.eu/system/files/2023-05/Energy%20Communities%20Repository%20-%20Short%20Guide%20-%20FINAL.pdf
https://cermaglianoalpi.it/?lang=en
https://www.gocer.it/chi-siamo/
https://energycommunityplatform.eu/resources/the-more-model/
https://doi.org/10.3390/buildings13040844
https://www.flexcommunity.co.uk/
https://www.raponline.org/wp-content/uploads/2023/09/rap-community-energy-January-2021.pdf
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Best practice to support inclusive local 
energy 

Policy makers and utilities can support inclusive local 
energy solutions  

Utilities in several countries are providing support to local energy schemes, such 
as collective self-consumption and energy communities. In Italy, the distribution 
system operators collaborated with the state-owned energy service system 
operator, Gestore dei Servizi Energetici, to create an interactive map of primary 
substations, which allows interested groups to identify the boundaries of self-
consumption and energy communities under the agreement (current transitional 
measures set the boundary at secondary substations).  

The French distribution operator, ENEDIS, is collecting consumption and 
production load curves for collective self-consumption projects. This helps it 
allocate the quotas for self-consumed electricity among participants for billing 
purposes (including through a direct interface with energy suppliers) and 
provides tools for operation and data visualisation. 

Municipalities also play a key role in designing strategic public procurement 
schemes to incentivise communities, as identified in the Procurement Guide for 
Community Energy from REScoop. Municipalities can assist communities adopt 
renewable energy and enhanced energy efficiency, supporting the creation of 
energy communities. The municipality of Strasbourg, France, in its procedure to 
allocate concessions for rooftop solar, specified that only energy community 
organisations can participate in the tender. 

However, conducive frameworks and support from national governments have a 
critical role to play in scaling up inclusive local energy solutions. From a technical 
perspective, it is important to ensure that the right digital technologies are in 
place. The revised Swiss Federal Act on a Secure Electricity Supply from 
Renewable Energy Sources requires electricity operators to install smart meters 
at the request of participants in energy communities, thereby helping to ensure 
that the right technology enablers are in place.  

Capacity building in communities for socio-economic 
development 

Some projects focus on education, training and awareness campaigns to enable 
communities to actively participate in managing their energy resources 
effectively. These initiatives are not only about energy, but also about creating 
jobs, providing training opportunities and reinvesting profits back into the 

https://www.gse.it/servizi-per-te/autoconsumo/mappa-interattiva-delle-cabine-primarie
https://www.gse.it/servizi-per-te/autoconsumo/mappa-interattiva-delle-cabine-primarie
https://www.gse.it/servizi-per-te/autoconsumo/mappa-interattiva-delle-cabine-primarie
https://observatoire.enedis.fr/article/lautoconsommation-collective-dans-les-starting-blocks
https://observatoire.enedis.fr/article/lautoconsommation-collective-dans-les-starting-blocks
https://www.rescoop.eu/toolbox/procurement-guide-for-community-energy
https://www.rescoop.eu/toolbox/procurement-guide-for-community-energy
https://www.rescoop.eu/uploads/rescoop/downloads/REScoopeu_procurement_guide.pdf
https://www.fedlex.admin.ch/eli/fga/2023/2301/de#art_17_d
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community to address issues like unemployment and poverty 
The RevoluSolar energy initiative was the first PV community founded in a 
Brazilian favela, enabling renewable energy access for many families, with more 
than 170 kW of solar capacity installed, offsetting 16 tonnes of CO2, and directly 
benefiting 2 000 people. The community opted to reinvest the profits from the 
projects into charities, training 70 residents to tackle rising rates of local 
unemployment and supporting the education of more than 100 children. This 
ability to determine where, how and to whom the revenues from the project are 
distributed, improved overall welfare in the favela while also enabling the 
community to protect people from rising energy prices, saving them around 
USD 11 000 to date. 

Brixton Energy, the United Kingdom’s first community-owned social housing 
renewable energy project, has evolved into a P2P network, allowing participants 
to reduce their energy bills by more than 20%, while also creating training and 
work placement opportunities for residents including young people and 
unemployed electricians. In 2021 a three-month trial of a smart local flexibility 
service was implemented, where they integrated new storage with existing solar 
and helped provide residents with more than 40% of their household electricity 
needs. 

In Italy, the Ministry of the Environment and Energy Security offers grants of up 
to 40% for energy communities and collective self-consumption projects in 
municipalities with less than 5 000 inhabitants. The programme has ambitions to 
achieve at least 2 GW of installed capacity by June 2026. These initiatives can 
also help rehabilitate suburban and peri-urban areas. The first solidarity local 
energy community was established in 2021 in the suburbs of Naples, Italy, 
actively involving, from the design phase, 40 families living in social housing. This 
energy community was established to increase awareness of energy and 
environmental issues, to fight energy poverty and to train local young people in 
clean energy skills. The project is expected to save participants EUR 300 000 
over a 25-year period. 

Institutional support for community projects  
Institutional support and monitoring, in particular at the start of local energy 
projects, is also important to accelerate progress and to ensure the right rules 
and incentives are in place and opportunities are leveraged. Best practice policy 
solutions are starting to emerge. For instance, the European Parliament has 
recently provided funding for the creation of an advisory hub and support service 
to help collect and disseminate best practices and provide technical assistance 
to community initiatives across the European Union. The European Commission 
has published a short guide with examples of how to set up community energy 

https://revolusolar.org.br/
https://brixtonenergy.co.uk/projects/
https://news.industriall-europe.eu/documents/upload/2023/4/638168981121981291_edfgroup_rse_transition-juste-et-inclusive_principes_va.pdf
https://www.edfenergy.com/media-centre/news-releases/urban-energy-club-reaches-milestone-new-battery-elmore-house
https://www.mase.gov.it/comunicati/energia-mase-pubblicato-decreto-cer
https://www.fondazioneconilsud.it/progetto-sostenuto/comunita-energetica-e-solidale-di-napoli-est/
https://energy.ec.europa.eu/topics/markets-and-consumers/energy-communities_en
https://energy-communities-repository.ec.europa.eu/document/1b9aad5d-9b3d-4603-ba2f-a3a7868d82ba_en
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one-stop shops to facilitate the process, and digital tools for energy communities, 
with practical examples of how these are used in projects across Europe.  

From a financial standpoint, instruments to channel national and international 
funding can help further facilitate the creation of local energy projects. The 
EU-funded COMPILE Project designed a guide to support municipalities in 
choosing the most appropriate funding mechanism for energy communities, and 
has produced five pilot projects, of which four are in urban locations. In Spain, 
the Community Transformation Offices have been established to support the 
creation of energy communities through the empowerment of new energy actors 
such as residents, small and medium-sized enterprises and local authorities, 
providing technical, financial, legal and administrative advice, and education and 
training.  

In Chile a platform called Comuna Energética has been established to support 
municipalities and local actors in implementing replicable and innovative clean 
energy projects. Comuna Energética supports the creation of local energy 
strategies, helps strengthen capacity in municipalities and ensures alignment 
with other national initiatives and instruments. It has implemented around 
50 projects to date. In Italy the Energy Communities’ Observatory has been 
established to identify persistent challenges and to support the creation of 
conducive policies, to promote a national roadmap for the development of energy 
communities and to help local governments and residents setting up and 
managing such initiatives.  

Further mapping of initiatives and benefits is underway as part of the IEA People-
Centred Clean Energy Transitions Programme and the Digital Demand-Driven 
Electricity Networks Initiative (3DEN). The IEA User-Centred Energy Systems 
Technology Collaboration Programme, through its Global Observatory on Peer-
to-Peer, Community Self-Consumption and Transactive Energy Models, is 
tracking developments across the world in the area of local energy models, 
mapping their implications for energy systems and collecting policy insights.  

https://energy-communities-repository.ec.europa.eu/digital-tools-energy-communities-short-guide_en
https://www.compile-project.eu/
https://www.idae.es/ayudas-y-financiacion/comunidades-energeticas/ayudas-oficinas-de-transformacion-comunitaria-para-la
https://www.comunaenergetica.cl/sobre-comuna-energetica/
https://www.media.enea.it/comunicati-e-news/archivio-anni/anno-2023/energia-da-enea-un-osservatorio-per-promuovere-le-comunita-energetiche-rinnovabili.html
https://www.iea.org/programmes/people-centred-clean-energy-transitions
https://www.iea.org/programmes/people-centred-clean-energy-transitions
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://userstcp.org/
https://userstcp.org/
https://userstcp.org/global-observatory-on-peer-to-peer-trading-task/
https://userstcp.org/global-observatory-on-peer-to-peer-trading-task/
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Chapter 4: Systemic approaches 
for a sustainable urban energy 
future 

Key takeaways 
• Agile, integrated planning processes are essential for meeting renewable energy 

targets and addressing grid infrastructure challenges while aligning with urban 
development needs, avoiding delays and integrating distributed generation 
effectively. More than 3 000 GW of renewable power projects are currently 
awaiting connection globally. 

• Given the increasing complexity of urban energy systems and the urgency of 
meeting clean energy transition objectives, urban and energy planners and 
operators need more granular real-time insights. These can be derived from 
analysing an increasingly wide range of data sets as the number of connected 
sensors and devices rises from 13 billion today to exceed 25 billion by 2030.  

• Better alignment of energy system and urban planning processes and supportive 
policy action to help anticipate future changes and investment needs can result 
in reduced costs and assist energy efficiency implementation. In China, 
integrated planning enabled a reduction in investment of USD 13.5 billion. 

The case for change in urban energy 
planning 

Rapid and large-scale changes require more agile and 
integrated planning 

It will be necessary to move fast to implement projects at scale to stay on track 
with international clean energy transition commitments. Many regions are already 
facing challenges at the planning stage, which is leading to delays in deploying 
renewable energy, with around 3 000 GW of renewable power projects currently 
in the queue for connection to the grid, alongside reports of energy efficiency 
schemes stalling. Analysis suggests that due to outdated grid planning in some 
countries in the European Union, more than 200 GW of new solar capacity is 
being planned than accounted for by national grid plans, with a potential shortfall 
in planned infrastructure investment of at least EUR 5 billion. 

https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://blog.advancedenergyunited.org/ee_puct_tx_workshops
https://blog.advancedenergyunited.org/ee_puct_tx_workshops
https://ember-climate.org/insights/research/putting-the-mission-in-transmission-grids-for-europes-energy-transition/
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With the global pledge to triple the capacity of renewables and to double annual 
energy efficiency gains by 2030, it is imperative that governments – both local 
and national – overcome the current barriers and deploy new streamlined and 
integrated planning processes.  

Power systems must be expanded to manage the demand for increased 
capacity, reinforced to increase stability, and hardened to withstand extreme 
weather conditions with a combination of both adaptation and mitigation 
measures. One challenge is that grid planning must now consider more diverse 
future operating conditions than historical data allow, so as to be resilient by 
design. When looking specifically at infrastructure requirements in urban areas, 
it is also important to recognise the density aspect, which offers potential but may 
also create engineering challenges. While in general rural grids prioritise 
accommodating power generation, urban power grids focus on meeting the high 
electricity demand of cities, driven by multiple customer connections and dense 
loads.  

Managing the intersection between power systems and 
urban planning 

With the dramatic growth in distributed generation and electrical equipment, such 
as distributed solar PV installations and EV charging stations, urban power 
systems are increasingly required to manage dynamic multi-directional electricity 
and data flows, necessitating additional infrastructure. Given these profound 
changes to the energy landscape, realising the potential for the intersection 
between power systems and urban planning is imperative to support successful 
clean energy transitions.  

As emphasised by the 2023 IEA Special Report Electricity Grids and Secure 
Energy Transitions, governments need to further align and integrate planning for 
transmission and distribution grids with broad, long-term planning processes. 
Deploying new power grid infrastructure often takes 5 to 15 years to plan, permit 
and complete, compared with 1 to 5 years for new renewables projects and less 
than 2 years for new loads such as EV charging infrastructure, housing 
developments and industrial facilities. Better planning can help ensure that these 
contrasting timescales do not lead to a logjam in bringing projects to fruition.  

Cities are increasingly turning to integrated planning approaches to sustainable 
urban development, focusing on integrating policies and actions across sectors, 
multi-level governance and stakeholder involvement in implementation. 
Integrated energy planning is the systematic analysis of all the factors that 
influence the evolution of energy systems. It facilitates problem solving and 
makes it possible to explore linkages, evaluate trade-offs and compare 
consequences, thereby helping countries to develop an effective energy strategy 

https://rmi.org/wp-content/uploads/2020/07/reimagining_grid_resilience.pdf
https://rmi.org/wp-content/uploads/2020/07/reimagining_grid_resilience.pdf
https://www.mdpi.com/2673-4826/2/4/35
https://www.mdpi.com/2673-4826/2/4/35
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
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that supports national sustainable development goals. It increases transparency 
and provides information to stakeholders, informing project developers, grid 
operators and authorities and helping co-ordinate investment in generation and 
grids. It is also useful for foreseeing the potential outcome of changes and events.  

Integrated planning plays a pivotal role in identifying and implementing energy-
efficient technology policies, ultimately enhancing the overall performance of the 
urban power system. The benefits of a co-ordinated approach extend to 
improving urban resilience in the face of disruption and ensuring a reliable 
response during emergencies. As cities anticipate increased energy demands 
due to urbanisation, population growth and shifts in consumption patterns, 
integrated planning becomes instrumental in addressing the associated 
challenges. Efforts can be geared towards avoiding excessive power system 
redundancy, optimising resources and identifying synergies to provide cost-
effective solutions. 

Short-term action is required to deliver long-term vision 

Length of planning horizons and update frequency for grid planning studies 

 
IEA. CC BY 4.0. 

Notes: Horizons are based on the main transmission planning study for each region, noting that some have additional 
longer-term studies used to inform the main plan. CAISO = California Independent System Operator.  
Sources: IEA analysis based on Electricity Grids and Secure Energy Transitions; data from National Transmission Needs 
Study for the United States; Ten-Year Network Development Plan for the European Union; Electricity Supply Plan for 
Japan; Plano Decenal de Expansão de Energia for Brazil; Transmission Development Plan for South Africa; Five-Year 
Plans for China; National Electricity Plan Volume II (Transmission) for India. 
 

Challenges arise in meeting clean transition needs as rapid renewable energy 
and technology deployment may outpace infrequent grid updates. Additionally, 
the planning horizon for urban development is often shorter than high-level 
climate targets, hindering efficient alignment with longer-term ambitions.  
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https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.energy.gov/gdo/national-transmission-needs-study#:%7E:text=Supported%20by%20the%20President's%20Bipartisan,the%20nation's%20electric%20transmission%20grid.
https://www.energy.gov/gdo/national-transmission-needs-study#:%7E:text=Supported%20by%20the%20President's%20Bipartisan,the%20nation's%20electric%20transmission%20grid.
https://tyndp.entsoe.eu/
https://www.occto.or.jp/en/information_disclosure/supply_plan/index.html
https://www.epe.gov.br/pt/publicacoes-dados-abertos/publicacoes/plano-decenal-de-expansao-de-energia-pde
https://www.eskom.co.za/eskom-divisions/tx/transmission-development-plans/
https://powermin.gov.in/en/content/national-electricity-plan-0
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A recent study showed that strategic grid planning based on a longer-term vision 
enables existing low-voltage grids to support new charging infrastructure for EVs 
and heat pumps, addressing budgetary constraints. Dynamic load management 
can partially mitigate or postpone investments in transmission and distribution 
systems, proving cost-effective in about 90% of cases. Additionally, a study on 
East China found that introducing integrated planning in a wider regional area – 
rather than focusing on local problem solving – could avoid infrastructure 
investment of USD 13.5 billion while maintaining a robust power system.  

Main characteristics of traditional and integrated planning for power grids  

 Traditional resource planning Integrated and co-ordinated 
planning 

Electricity grid context 
Large, centralised conventional 
electricity plants, unidirectional 
electricity flow 

Increasing shares of variable 
renewables including distributed 
PV, demand-side resources and 
bidirectional flow, transforming the 
energy landscape 

Leader A company that owns the assets   A selected entity with a neutral role, 
ideally with no conflict of interest 

Objectives 

Meet legal requirements 
(reliability, sustainability) and 
balance sheet constraints or 
shareholders return 

Meet climate and energy policy 
objectives and maximise overall 
market benefits at reasonable risk 

Planning process 
(transparency) 

Top-down, transmission-
distribution system planning with 
limited interactions; assumptions 
and details may be restricted, with 
only headlines made public; public 
consultation at the end of the 
process 

Participatory and transparent 
process; continuous engagement 
with relevant stakeholders to 
develop scenarios, select 
sensitivities and challenge 
assumptions; results made public 
and open to debate 

Resources considered  Centralised generation, 
transmission and distribution 

Generation, both centralised and 
distributed, transmission and 
distribution, demand-side resources 
and system flexibility 

Input parameters and 
estimation tools 

Approximation, reserve margin 
calculations 

Multi-dimensional analysis, 
including environmental and social 
aspects 

Outputs A plan focused on investments 
Several outputs to guide decisions 
of policy makers and market 
players 

Sources: IEA (2022), Steering Electricity Markets Towards a Rapid Decarbonisation, and US Aid (n.d.), Best Practices 
Guide: Integrated Resource Planning for Electricity, as modified by the IEA. 
 

Collaboration is central to aligning planning with cities’ 
needs and timelines 

Collaboration between local governments and utilities is important to ensure that 
the grid is expanding and decarbonising in line with each city’s needs and 
timelines. Municipalities can engage directly with electric utilities and promote 

https://www.mdpi.com/2673-4826/2/4/35
https://energyandcleanair.org/wp/wp-content/uploads/2022/07/EN-China-Power-system-adequacy.pdf
https://www.iea.org/reports/steering-electricity-markets-towards-a-rapid-decarbonisation
https://pdf.usaid.gov/pdf_docs/PNACQ960.pdf
https://pdf.usaid.gov/pdf_docs/PNACQ960.pdf
https://rmi.org/how-to-get-your-local-government-to-100-percent-clean-electricity/
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new solutions, or influence utility strategy by providing long-term plans, updating 
them on a multi-year basis while acting as representatives of their communities. 
Such collaborative initiatives enable utilities and cities to leverage resources, 
improve infrastructure reliability and reduce costs, thus resulting in a higher 
quality of service. In the United Kingdom, for example, the Infrastructure 
Coordination Service under the auspices of the mayor of London was able to 
identify short-, medium- and long-term solutions to enable new housing 
developments to proceed on a faster timeline by working closely with the grid 
operators.  

Some local governments have partnered with utilities to develop renewable 
energy, efficiency programmes and joint working to enhance energy metering 
and data access. In the United States, the city of Denver developed a Strategic 
Energy Plan with the local utility to lay out a plan to achieve 100% renewable 
electricity by 2025. Through this partnership the utility supported the local 
government by providing analysis based on energy data and plan strategies, and 
staff training. Another US city, Charlotte, created a strategy for co-operation with 
the local utility, aimed at developing a plan to advance the Low Carbon, Smart 
City Collaboration, and recently announced a High Energy Use Pilot to provide 
homeowners incurring high energy usage with energy-efficient retrofits.  

The newly formed international Cities Technology Collaboration Programme 
aims to optimise urban energy planning for improved living standards. It will focus 
on gathering energy-related data, sharing knowledge, promoting data-driven 
planning, and discussing legislative and socio-economic factors. This 
collaboration has potential to guide national policy implementation to support 
cities utilise data for more efficient planning. 

The benefits and challenges of more data 

Managing increased data complexity and volumes has 
become a priority 

As the energy access sector undergoes deep transformation, a pressing need 
remains to better inform decision makers with actionable and targeted tools for 
integrated electricity planning. This is especially important in locations where 
data availability is suboptimal. The IEA has collected geospatial models and 
datasets that are crucial for stakeholders across the African energy sector 
looking to deliver an effective path towards universal electricity access. 

 

 

https://www.london.gov.uk/programmes-strategies/better-infrastructure/infrastructure-coordination/development-service/west-london-electricity-capacity-constraints
https://www.london.gov.uk/programmes-strategies/better-infrastructure/infrastructure-coordination/development-service/west-london-electricity-capacity-constraints
https://www.denvergov.org/content/dam/denvergov/Portals/347/documents/energyoffice/Strategic_Energy_Plan_for_Municipal_Facilities.pdf
https://www.denvergov.org/content/dam/denvergov/Portals/347/documents/energyoffice/Strategic_Energy_Plan_for_Municipal_Facilities.pdf
https://www.charlottenc.gov/files/sharedassets/city/v/1/city-government/departments/documents/duke-mou.pdf
https://www.charlottenc.gov/files/sharedassets/city/v/1/city-government/departments/documents/duke-mou.pdf
https://www.environmentenergyleader.com/2023/04/the-city-of-charlotte-and-duke-energy-launch-high-energy-pilot-program/
https://cities-tcp.org/
https://www.iea.org/data-and-statistics/data-tools/africa-gis-catalogue-for-energy-planning
https://www.iea.org/data-and-statistics/data-tools/africa-gis-catalogue-for-energy-planning
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The growth in data, both quantity and type, can be a powerful asset in effectively 
managing the evolving power system, but only when it is accompanied by 
enhanced data accessibility, utilisation and sharing, along with more robust 
analysis tools.  

Drivers of electricity data volume and increasing complexity 

 
 

IEA. CC BY 4.0. 

Notes: AC = air conditioning; DERMS = distributed energy resources management system; DSO: distribution system 
operators; IoT = Internet of Things; TSO = transmission system operator; VRE = variable renewable energy. 
 

With technology adoption varying immensely in every location, each energy 
system faces unique challenges. A major challenge for system operators is that 
they lack visibility of customer-owned equipment and its impacts on electricity 
demand, known as “seeing behind the meter”. This currently necessitates 
tailored visibility solutions that also consider the urban context due to the density 
of energy demands, where most utilities today still have limited visibility and have 
to rely on bespoke digital tools such as DERMS. As many regions are seeing 
decentralised energy systems grow at different rates, regulators can prioritise 
addressing system reliability, especially in urban environments, by increasing 
visibility and data availability. The Australian Energy Market Operator established 
a distributed energy resource register in 2020 that provides visibility on the 
location and capacity of devices installed in customer premises thereby 
supporting power system planning and operation. In 2024 India has initiated a 
consultation process towards developing a national registry.  

Paving the way for innovative planning solutions 
Leveraging data from technological advancements, such as smart meters and 
digital communication, is a key aspect of integrated planning. Insights based on 

https://assets.new.siemens.com/siemens/assets/api/uuid:92b96afd-8953-4689-9f4d-8ef42c311e95/Seeing-behind-the-meter-report.pdf
https://aemo.com.au/en/energy-systems/electricity/der-register
https://indiasmartgrid.org/
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data and advanced analytics and improved data and information sharing can help 
forward planning for periods of high demand, lessening reliance on costly peak 
generation sources and enhancing grid reliability.  

Misaligned planning timelines could increase the risk of power outages due to 
power system resource adequacy issues (i.e. the ability of a power system to 
supply enough electricity at the right locations during all hours of the year), and 
the inability to provide new electricity connections for renewable generation 
assets, data centres or housing developments. Misaligned planning can delay 
the deployment of renewable energy, constrain the achievement of increased 
energy efficiency and lead to higher electricity costs for consumers.  

There are means to better manage these risks. Data sharing mechanisms allow 
policy makers to design more efficient power systems. For example, in the 
Netherlands, central government, local governments, utilities and planning 
agencies work closely together to share data on power systems. Since 2022 data 
have been publicly available on electricity consumption and production by 
province and municipality, which allows planners to anticipate grid needs and 
adjust capacity installations accordingly. To help municipal planners, a specific 
data tool shows on customisable maps the annual energy consumption by 
household, the energy label of the house and the capacity of its renewable 
production that can be fed back into the grid. 

Towards resolving data challenges 
Integrated planning fosters stakeholder co-ordination, but regulatory constraints 
and data management challenges persist. Cities and power systems generate 
complex data in varying formats, with much of the data currently unused or 
unreliable, presenting untapped potential. Establishing a common protocol and 
reference architecture for digitalisation and assumed open data sharing could 
contribute significantly to reducing costs, help drive rapid innovation and expedite 
the energy transition across diverse systems. This could help reduce the friction 
caused by the increased system complexity.  

Governance gaps and digital skills gaps persist and impede data utilisation, 
preventing the development of innovative tools and methodologies. Power 
system data that are proprietary and fragmented across utility departments or 
entities hamper data interoperability, and access to data is also sometimes 
constrained by data protection. Simplifying information sharing, co-ordinating 
markets and establishing robust data governance are essential for data 
interoperability. Standards for data interoperability are key to achieving these 
outcomes.  

https://energyandcleanair.org/wp/wp-content/uploads/2022/07/EN-China-Power-system-adequacy.pdf
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://www.datacenterdynamics.com/en/news/dutch-government-halts-hyperscale-data-centers-pending-new-rules/
https://www.maastrichtuniversity.nl/news/over-congested-electricity-networks-and-their-impacts-housing-constructions
https://klimaatmonitor.databank.nl/jive
https://tvw.commondatafactory.nl/?tab=gebouw&layer=layer0&label=topo#16.5/52.087049/4.308188
https://unece.org/sites/default/files/2023-08/ECE_ENERGY_GE.6_2023_4%E2%88%92ECE_ENERGY_GE.5_2023_4_EN.pdf
https://www.raconteur.net/climate-crisis/fighting-climate-change-public-private-data
https://goingdigital.oecd.org/data/notes/No24_ToolkitNote_InteroperabilityEnergy.pdf
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_-pDppreEAxX0UqQEHViABmUQFnoECBIQAQ&url=https%3A%2F%2Fwww.oecd.org%2Fdigital%2Ftowards-net-zero-b613e2b8-en.htm&usg=AOvVaw1tlUpS8kdu9wbrHmnNYjQI&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi_-pDppreEAxX0UqQEHViABmUQFnoECBIQAQ&url=https%3A%2F%2Fwww.oecd.org%2Fdigital%2Ftowards-net-zero-b613e2b8-en.htm&usg=AOvVaw1tlUpS8kdu9wbrHmnNYjQI&opi=89978449
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Examples of standards and norms to control and monitor equipment 

Region Name Description Type 

European Union Norm EN 50631-1:2020: 
European Norm 

Describes the necessary control and 
monitoring for household appliances. Norm 

United Kingdom PAS 1878:2021  Requirements and criteria for electrical 
appliance to be classified as energy smart.  Norm 

Australia AS 4755 – Demand 
Response Standard  

Demand response capability and modes of 
appliances and smart device. Standard 

United States ANSI/CTA-2045  

Specifies a modular communications 
interface to facilitate communications with 
residential devices for applications such as 
energy management. 

Standard 

International IEC 62746-10-1  

Open automated demand response system 
interface between the smart appliance, 
system or energy management system and 
the controlling entity. 

International 
standard 

United States,  
California 

Senate Bill 49 – The 
Flexible Demand 
Appliance Standards  

Authorises the Energy Commission to adopt 
standards for appliances to facilitate the 
deployment of flexible demand technologies. 

Bill 

International OpenADR 3.0 

Open automated demand response system 
that provides two-way information exchange 
between utilities and customers’ smart 
appliances. 

International 
standard 

 

Regulations can define access rights, data formats and consent mechanisms, 
ensuring consumers have control over their data. Cybersecurity guidance and 
standards, such as the Cyber Assessment Framework, can help utilities mitigate 
risks, and policy makers should remain vigilant about emerging technology 
cybersecurity gaps. 

  

https://www.europarl.europa.eu/RegData/etudes/BRIE/2016/595859/EPRS_BRI(2016)595859_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2016/595859/EPRS_BRI(2016)595859_EN.pdf
https://www.bsigroup.com/globalassets/localfiles/en-gb/energy-smart-appliances-programme/pas1878.pdf
https://aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program/standards-and-connections/as-4755-demand-response-standard
https://aemo.com.au/initiatives/major-programs/nem-distributed-energy-resources-der-program/standards-and-connections/as-4755-demand-response-standard
https://standards.cta.tech/apps/group_public/project/details.php?project_id=192
https://webstore.iec.ch/publication/26267
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/flexible-demand-appliances
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/flexible-demand-appliances
https://www.energy.ca.gov/proceedings/energy-commission-proceedings/flexible-demand-appliances
https://www.openadr.org/openadr-3-0
https://www.ncsc.gov.uk/collection/caf/cyber-assessment-framework
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Connecting the dots: Overcoming 
interoperability challenges to support clean 
energy transitions  

One of the main reasons that renewable projects are facing permitting delays is 
the bespoke nature of each agreement. These permitting processes are highly 
manual and involve co-ordination across many different authorities at local, 
regional and national level. The lack of standardisation of the process and the 
poor visibility of data and project tracking, together with the high volume of 
manual input, risk missing the global pledge to triple renewable capacity by 2030 
if they are not remedied. There is, however, the potential to overcome many of 
these hurdles by leveraging digital solutions.  

In the European Union, the large ICT company, Amazon Web Services, has 
sought to overcome this impasse whereby around 80 GW of renewables are 
awaiting permitting. It is working with permitting staff across several EU member 
states to develop a digital platform to: 

• Reduce processing time. 

• Automate data management to reduce manual input. 

• Standardise the process using automated checklists and workflow triggers and 
notifications. 

• Collect, manage and process all documents in a single repository. 

• Increase transparency on progress throughout the permitting process. 

Several pilot projects are underway, connected to the Horizon Europe 
programme, to develop solutions that the tackle data interoperability challenges 
facing increased power system digitalisation. The Interconnect project brings 
together 50 European partners across 11 countries to develop a data and 
communication architecture to connect homes and buildings to the electricity 
sector. To identify ways to leverage flexibility, the OneNet project is developing 
a communications architecture for demand response, storage and distributed 
generation. PLATOON focuses on smart grid services, increasing renewable 
energy consumption, greater energy efficiency and optimised energy asset 
management. Other projects are exploring ways for the private sector to create 
new business models. To lay down the groundwork in understanding the state of 
the market, BD4OPEM is developing products and services to improve the 
planning, monitoring, operation and maintenance of distribution grids towards an 
open innovation marketplace. Denmark has implemented DataHub, a digital 
platform that centralises electricity consumption data and clearly defines use 
cases for access by third parties. 

https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX%3A52023DC0669#:%7E:text=The%20industry%20estimates%20that%2080,slow%20and%20inefficient%20permitting%20procedures.
https://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX%3A52023DC0669#:%7E:text=The%20industry%20estimates%20that%2080,slow%20and%20inefficient%20permitting%20procedures.
https://aws.amazon.com/blogs/industries/aws-collaborates-with-windeurope-and-accenture-to-streamline-wind-permitting-in-europe/
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe_en
https://interconnectproject.eu/about/
https://onenet-project.eu/project-brief/
https://platoon-project.eu/
https://bd4opem.eu/
https://en.energinet.dk/energy-data/datahub/
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Data analytics can enhance the efficiency, resilience 
and sustainability of urban energy systems 

Access to data is only the first step. It is then necessary to understand what the 
data infer, for example by using advanced analytics such as artificial intelligence 
(AI) or machine learning models. Other means of data analysis are the creation 
of digital twins, which are virtual models of real-world systems. The coverage of 
digital twins varies from an individual building or site to entire districts, systems 
and cities. They can help identify where interventions are needed, for example 
by identifying areas likely to become heat islands. They can identify where energy 
efficiency interventions can bring greatest positive impacts by mapping heat 
losses and income levels. And they can be used to trial different options and 
understand possible outcomes to help inform planning processes and optimise 
investment.  

Singapore, for example, started developing a 3D representation of the city in 
2012 in order to identify areas that were most at risk from flooding. The digital 
twin is now shared across different government agencies and has many practical 
uses around green space management, urban planning, network coverage and 
transport flows. A project to map EU-based local digital twins has been funded 
by the European Commission, both to consider the current state of the digital twin 
ecosystem and develop a roadmap towards use of data and advanced analytics 
for enhanced planning and operation of urban systems. The cost savings from 
using digital twins to make data-driven decisions in cities globally have been 
estimated at up to USD 280 billion globally through to 2030 from improved 
planning. 

Data-driven insights and advanced digital controls can contribute to enhanced 
grid efficiency in urban locations by reducing power system losses, reducing 
curtailment of renewables, and providing more control, greater resilience, 
improved reaction times and consequently lower system costs. In the 
United States, a recent study by the Department of Energy simulated the grid 
conditions resulting from a 70% share of renewable sources by 2030. It found 
that deploying advanced digital hardware and software could result in increased 
efficiency and a reduction in curtailment of between 23% and 43% through grid 
optimisation.  

For urban and power system decision makers, diverse, large and frequently 
updated sets of energy data are increasingly available, and data volumes are 
increasing significantly. IoT connection points are expected to reach 83 billion 
worldwide by 2024, and everything that is communication network-connected 
provides data. Datasets can cover air quality, weather, energy consumption 
patterns in buildings, geospatial data and traffic control systems. The ability to 
provide more insight through data visualisation is an emerging tool to aid decision 

https://infra.global/singapores-digital-twin-from-science-fiction-to-hi-tech-reality/
https://op.europa.eu/en/publication-detail/-/publication/7892c228-359f-11ee-800c-01aa75ed71a1/language-en
https://www.abiresearch.com/press/use-digital-twins-urban-planning-yield-us280-billion-cost-savings-2030/#:%7E:text=According%20to%20a%20new%20report,for%20more%20efficient%20urban%20planning.
https://www.energy.gov/sites/default/files/2022-04/Grid%20Enhancing%20Technologies%20-%20A%20Case%20Study%20on%20Ratepayer%20Impact%20-%20February%202022%20CLEAN%20as%20of%20032322.pdf
https://www.juniperresearch.com/press/iot-connections-to-reach-83-bn-by-2024
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makers – it can simplify complex data by displaying large data sets in various ways 
that can reveal patterns or trends or identify areas that need further attention. 

In European Union, under the Horizon 2020 funding programme, the Hotmaps 
geographic information system (GIS) toolbox has been developed as an open-
source platform for mapping heating and cooling demand in European countries 
to support authorities and energy planners in the development of a strategic 
heating and cooling plan for their region. 

Total heat density of buildings in Paris, France 

 
Source: Reproduced from Hotmaps. 
 

Advanced analytics can be used to merge diverse datasets to improve decision 
making in urban energy planning, enhancing asset efficiency and service 
provision. Advanced spatial energy planning, with GIS and digital twin modelling, 
maps local potential and measures impacts before implementation. The VESTA-
MAIS model in the Netherlands is a spatial energy planning model that forecasts 
the energy use and CO2 emissions of the built environment until 2050. The 
potential benefits and costs of building measures such as insulation and heat 
pumps, and spatial measures such as district heating, geothermal and heat 

https://www.hotmaps-project.eu/
https://www.hotmaps.eu/map
https://www.pbl.nl/system/files/document/2024-01/pbl-2019-cost-effective-heat-transition-vesta-mais-model_3699.pdf
https://www.pbl.nl/system/files/document/2024-01/pbl-2019-cost-effective-heat-transition-vesta-mais-model_3699.pdf
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exchangers, can be calculated integrally. Effects on avoided CO2 emissions, 
energy use, investment costs and financial benefits can be identified to improve 
planning. The model is open source, so municipalities, utilities and others can 
also access it. 

Planning models like these aid in locating high-value energy efficiency 
interventions and planning mixed-use zones to flatten demand curves and 
reduce CO2 emissions. Areas needing efficiency interventions in urban planning 
can be identified by mapping heating and cooling demand and combining 
weather and demand data. There are an increasing number of assets that can 
provide granular and more real-time data for decision making.  

Data challenges can be overcome by leveraging AI and 
machine learning 

As increasing numbers of digitally enabled technologies come online offering 
data points from nodes all across the grid, the analytical methods traditionally 
used become overburdened by the sheer volume and speed of data availability. 
However, technological advances in the fields of AI and machine learning in 
recent years are presenting the potential not only to overcome data bottlenecks, 
but also to make great leaps towards new applications not thought possible even 
up until very recently. The major advancements are that AI drives down the time 
taken to perform big data analytics and repetitive tasks can be done with the help 
of machine intelligence, reducing human input and error, and improving the 
degree of precision. 

Global stock of smart meters, 2010, 2020-2023 

 
IEA. CC BY 4.0. 

Note: For 2023 data “E” indicates estimated total. 
Sources: IEA analysis based on data from Guidehouse and BloombergNEF. 
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Previously, insufficient volume and quality of industry data hampered efforts to 
attain better insight, but modern digital transformations have driven progress, 
with emerging uses of AI beginning to be considered. 2023 marked a significant 
milestone as the global count of smart meters exceeded 1.2 billion, representing 
a remarkable tenfold increase compared to 2010. In a wider context, the number 
of connected devices equipped with automated controls and sensors to monitor 
and measure energy use and flows is projected to exceed 13 billion in 2024. 
Projections further indicate that this figure could soar to 25 billion or more by the 
year 2030. This extensive deployment of smart meters and advanced sensor 
technology is already generating large volumes of data. Making use of these data 
necessitates the deployment of cutting-edge storage and analytical tools. 

Additionally, there is a trend towards increased consumer engagement in energy 
systems. Given greater data availability, and the will to capitalise on the data, 
there is also a need to manage increasingly large and complex data sets and to 
ensure strong data governance. However, many energy utilities currently do not 
have analytics departments, suggesting that these organisations are missing out 
on the opportunities better data offer. There is also a growing need for 
organisations to increase collaboration between departments on data and data 
management. 

AI could be a useful tool to leverage consumption data, while preserving 
consumer trust and safety. AI-generated synthetic datasets can produce realistic 
profiles for each consumer archetype, not attributed to specific individuals. In the 
United Kingdom, the Centre for Net Zero has developed Faraday, a generative 
AI model trained on existing smart meter data and capable of providing realistic 
synthetic consumer profiles. This allows for protection of customer data while 
enabling policy makers, planners and operators to model impacts of changes 
such as new types of tariffs, uptake of EVs, new building developments, and 
extreme weather.  

It is also possible to examine power system resilience. In Ireland, the state 
electricity distribution system operator has partnered with an AI modelling 
platform to mitigate the impact of extreme weather events on energy supply, with 
results of the digital twin analysis available in weeks rather than months of 
manual input.  

The Building Energy Efficiency (BEE) Pilot is a project developed in the cities of 
Helsinki, Finland, and Stavanger, Norway, to shift energy consumption to times 
of high availability of renewables. The system is linked to the building 
management system (BMS), where it gathers data on energy consumption as 
well as indoor air quality data. The AI-based system forecasts the next day’s 
energy grid mix and weather conditions, and adjusts how energy is used in the 

https://www.epri.com/research/products/000000003002022804
https://www.iea.org/commentaries/unleashing-the-benefits-of-data-for-energy-systems
https://unece.org/sites/default/files/2023-08/ECE_ENERGY_GE.6_2023_4%E2%88%92ECE_ENERGY_GE.5_2023_4_EN.pdf
https://unece.org/sites/default/files/2023-08/ECE_ENERGY_GE.6_2023_4%E2%88%92ECE_ENERGY_GE.5_2023_4_EN.pdf
https://www.centrefornetzero.org/work/faraday-electricity-consumption-profiles/
https://www.theengineer.co.uk/content/news/esb-networks-uses-ai-to-model-risk-of-climate-related-power-cuts
https://www.theengineer.co.uk/content/news/esb-networks-uses-ai-to-model-risk-of-climate-related-power-cuts
https://ai4cities.eu/fileadmin/user_upload/BEE.pdf
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building. Based on the initial simulations, a 10-20% increase in use of renewables 
and 15-20% energy savings through optimised control are possible. 

While the use of AI in energy systems is still at a nascent stage, applications are 
emerging – from power generation through to supply, transformation and end 
use.  

Use of AI for urban energy system applications 

Application Impact 

Texas utility ONCOR uses machine learning and AI 
technologies to identify overloaded equipment to 
target for predictive maintenance, and identify 
geographic areas where vegetation poses a safety 
risk to transmission lines. 

In 2019, 2 000 power quality 
issues detected before causing 
an outage, avoided 5 000 
potential outages from 
overloaded or damaged 
transformers.  

E.On’s self-learning algorithm predicts when medium-
voltage cables on the grid need to be replaced, using 
data on power flows and weather. 

E.On research suggests the 
technology can reduce the 
number of outages by 30%. 

Hepta Airborne uses a machine learning platform in 
combination with drone footage of transmission lines 
to analyse images of the line for defects within 
15 minutes. 

250 km of lines analysed in 
5 minutes, and on average 11 
more defects per line-km 
identified. 

Nokia AVA Energy Efficiency – an energy 
management system – uses a range of AI 
applications to reduce power demand in 
telecommunications networks. 

Up to 30% energy savings and 
lower CO2 emissions from 
telecommunications radio 
network. 

Octopus Energy’s Kraken is a software platform, 
based on advanced data and machine learning 
capabilities, that allows management and optimisation 
of resources. 

40% reduction in cost to serve 
customers, according to 
Octopus Energy. 

The United Nations Innovation Technology 
Accelerator for Cities (UNITAC) developed an 
AI-based tool to identify rooftops and evaluate 
structure footprints in the city of eThekwini, including 
a focus on informal settlements. 

Help develop solutions for 
informal settlements through 
ability to map rooftops across 
the entire city in 72 hours. 

 
Increased use of AI warrants efforts towards monitoring and counteracting risks, 
including potentially increasing energy demand. Appropriate data safeguards 
also need to be in place to ensure privacy and security. Furthermore, increased 
use of automated and self-learning software raises questions about who is 
responsible for the outputs or outcomes of these systems – if noncompliance with 
regulations occurred due to the failure of the analytical model, or if there was a 

https://www.energy.gov/sites/prod/files/2020/10/f79/EAC_October_BigDataSession1_Haentsch.pdf
https://www.energy.gov/sites/prod/files/2020/10/f79/EAC_October_BigDataSession1_Haentsch.pdf
https://www.eon.com/en/new-energy/digitization/artificial-intelligence.html
https://mindtitan.com/resources/case-studies/computer-vision-case-study-hepta-airborne-system-for-power-lines/#what-is-hepta-airborne
https://www.nokia.com/networks/bss-oss/ava/energy-efficiency/
https://kraken.tech/
https://medium.com/urban-ai/ai-driven-urban-planning-in-south-africa-ccef20fd83e3
https://medium.com/urban-ai/ai-driven-urban-planning-in-south-africa-ccef20fd83e3
https://www.iea.org/energy-system/buildings/data-centres-and-data-transmission-networks
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privacy leak, for example. In an effort to address some of these issues, the OECD 
AI Principles – adopted by OECD member governments and many non-member 
governments – provide guidance on pursuing a human-centric approach to 
trustworthy AI. Efforts are also underway to understand and assess the impacts 
of AI in the urban context, map risks and explore governance considerations.  

Smart, integrated infrastructure investment 
planning  

Many regions have understood the need to invest in power grids to enable 
economies to continue to flourish, expanding and reinforcing them to anticipate 
future demand. The European Union, for example, recognised the need for 
anticipatory investment and is introducing regulatory incentives for forward-
looking grid build-out as part of the Action Plan on Grids announced in 2023. 

Substantial investment is needed for the transformation of the energy system, 
and planning at the national and urban level plays an important role in managing 
this investment to maximise benefits. Urban grid planning should extend beyond 
the grid to consider the changing shape of customer load profiles and the 
increased demand for electrification of transport, heating and cooling. 

Smart planning solutions are being tested in many locations, where decision 
makers are taking a more inclusive approach to the energy transition decision-
making process. The Local Inclusive Future Energy (LIFE) City platform in 
Amsterdam is testing innovative solutions for the clean energy transition. 
Focusing on Amsterdam Zuidoost, the project aims to reduce the need for grid 
expansion through smart energy management. A digital twin covers charging 
stations, solar panels, buildings, heat pumps and a mobility hub, digitally 
interconnected to explore system optimisation using data and AI.  

https://oecd.ai/en/ai-principles
https://oecd.ai/en/ai-principles
https://urbanai.fr/
https://urbanai.fr/
https://unhabitat.org/sites/default/files/2022/10/artificial_intelligence_and_cities_risks_applications_and_governance.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52023DC0757
https://www.ams-institute.org/urban-challenges/urban-energy/local-inclusive-future-energy-life-city-platform/
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Local Inclusive Future Energy City Platform, Amsterdam  

 

Source: Spectral Energy (2021), LIFE: A Holistic View on Energy Innovation, as modified by the IEA . 

In Italy, the Bologna Digital Twin project was deployed with the aim of optimising 
existing datasets, infrastructure and other solutions that were available but not 
fully utilised. The municipality is placing a strong focus on ensuring that the tool 
provides value for people and communities, including improved local social 
policies through better insights and using data to enhance services to inhabitants. 
In the United States, the New York State Public Service Commission has initiated 
a process towards an Integrated Energy Data Resource that securely collects, 
integrates and provides access to a large and diverse set of energy-related data 
and information on one state-wide platform. It is expected that this data will be 
available to support urban and energy planning processes towards higher levels 
of clean energy and demand-side flexibility, as well as to facilitate the 
development of new business models such as community solar and demand-
side flexibility aggregation. Also in the United States, in California, efforts are 
underway to explore electricity price-based grid co-ordination and an associated 
reference data model. The objective is to develop a simple system for data flows 
that make it possible for consumers to have their devices react to changes in 
price – the changes in price would be based on the grid’s need for flexibility.  

 

https://spectral.energy/project/mooi-life-arenapoort-local-energy-platform/
https://www.comune.bologna.it/myportal/C_A944/api/content/download?id=65096e0068f9d30099e05a03
https://www.nyserda.ny.gov/All-Programs/Integrated-Energy-Data-Resource-Program
https://escholarship.org/uc/item/7j20759s
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Smart grids in Latin American cities: São Paulo and Bogotá 

Enel's Urban Futurability project in Vila Olimpia, São Paulo, represents the 
combination of ground-breaking technologies for the power grid and the proactive 
engagement of local stakeholders and communities in a “living lab” to co-design 
and create an open data platform. This will help stakeholders to contribute to and 
potentially co-finance new solutions by providing better understanding of energy 
and other resource use, efficiency and savings opportunities, environmental risks 
and mitigation options. The technologies applied include self-healing grid 
capabilities, safer and more resilient underground cables, smart lighting and 
electric mobility initiatives. The project features South America's first network 
digital twin, a 3D model using 5 000 sensors for real-time communication. It 
supports grid resilience, a reduction in the duration and frequency of outages, and 
enhanced future power system flexibility by leveraging the potential of grid-
connected buildings and electric mobility. 

More broadly, Enel has installed 500 000 smart meters in the São Paulo 
metropolitan area, one of the largest deployments in Latin America, investing a 
total of BRL 470 million (Brazilian reals 2 ; USD 95 million). A third of the 
investment was supported by the Brazilian Regulator, ANEEL, as part of its R&D 
programme, aimed at stimulating innovation in the Brazilian electricity sector to 
improve security of supply and reduce environmental impacts. Smart meters act 
as grid sensors, bringing benefits to the system and the consumers, such as 
operational efficiency thanks to remote operation, reductions in energy losses, 
shorter outage durations and more accurate billing. Tariffs based on time of use 
and dynamic tariffs can also be easily implemented allowing for energy use cost 
savings and service differentiation. 

A similar Urban Futurability approach has been replicated in Bogotá, where Enel 
is implementing a digital circular city model as part of the Progresa Fenicia Project 
led by the University of Los Andes. This is a participative urban renovation project 
implemented under the municipality’s Urban Renovation Partial Plan and will 
assist the municipality to improve the quality of life of residents from a social and 
environmental standpoint, strengthening the offer of affordable housing and 
supporting the economic rehabilitation of the area. Currently, the digital twin of 
the Fenicia project is being developed, connecting and analysing data from 
buildings, roads and public spaces, streetlights, and weather and air quality 
sensors.   

 
 

2 Exchange rate: 1 Brazilian Real (BRL) = EUR 0.18 = USD 0.20 (as of 05 April 2024). 

https://www.wbcsd.org/Programs/Cities-and-Mobility/Sustainable-Cities/Blueprint-for-a-sustainable-built-environment/Net-zero-carbon-and-circular/Urban-Futurability-R-Brazil-Enel
https://www.gov.br/aneel/pt-br/assuntos/pesquisa-e-desenvolvimento/programa-de-pesquisa-e-desenvolvimento-tecnologico
https://www.gov.br/aneel/pt-br/assuntos/pesquisa-e-desenvolvimento/programa-de-pesquisa-e-desenvolvimento-tecnologico
https://www.enel.com/content/dam/enel-com/documenti/media/paper-circular-cities-2020.pdf
https://www.enel.com/content/dam/enel-com/documenti/media/paper-circular-cities-2020.pdf
https://progresafenicia.uniandes.edu.co/quienes-somos
https://progresafenicia.uniandes.edu.co/images/Cartilla_UAU-4.pdf


Empowering Urban Energy Transitions Chapter 4: Systemic approaches for a 
sustainable urban energy future 

PAGE | 71  IE
A

. C
C

 B
Y 

4.
0.

 

Using sound frameworks for data-driven 
urban planning 

There are many examples of good practices at the local and regional level that 
focus on data-driven urban planning. These case studies highlight urban 
planning that incorporates data ecosystems, data sharing and innovation, and 
which has the potential to be scaled up, sustained and further developed. 

Clear data governance frameworks are essential for efficient data management, 
protection and transparency. Data visibility, including well-described metadata, 
is crucial for effective use. The open source Energy Transition Model is one such 
tool for national and local agencies to perform energy simulations to enable 
informed decision making. 

The Energy Digitalisation Taskforce, commissioned by the UK government, 
Ofgem and Innovate UK, published a report with recommendations on 
modernising the energy system. The taskforce outlined the first step as unlocking 
smart meter data and initiated a study to examine the opportunities, risks and 
potential architectures. Additionally, a feasibility study has been carried out to 
establish a “digital spine” for the energy system in support of delivering 
interoperability across the energy sector, through defined governance roles and 
responsibilities that will enable the secure exchange of energy system data. 

The European Union is monitoring the progress of cross-border interoperable 
data services, to give priority to reuse of existing data and to initiate automated 
data collection to reduce the reporting burden on member states through the 
Interoperable Europe Act proposal. Efforts are also underway to create a 
common data space for smart and sustainable cities and communities, with the 
development of the Common European Energy Data Space to design a 
mechanism enabling data sharing across energy and non-energy domains.  

India has developed a Data Smart Cities framework in collaboration with city-
level governments to enable cities to better handle data and solve complex urban 
challenges. The Indian government launched an open data platform to centrally 
collect datasets from cities. While it is continuously expanding, the platform 
currently contains over 3 500 data catalogues. The India Smart Cities Mission 
has also developed a strategy and roadmap for data smart cities and a data 
maturity assessment framework.   

In Australia, the scale and growth of rooftop solar has already exposed the 
complexities and challenges of operating a power system that sources a 
substantial portion of its energy from individual homes. The Australian Energy 
Market Operator, in collaboration with several key organisations, is currently 
implementing several projects to develop the data exchange, modelling and 

https://www.cambridge.org/core/journals/data-and-policy/article/city-data-ecosystems-between-theory-and-practice-a-qualitative-exploratory-study-in-seven-european-cities/1964100192CC30B01C55E385CCCE5CAE
https://energytransitionmodel.com/about
https://www.gov.uk/government/publications/digitalising-our-energy-system-for-net-zero-strategy-and-action-plan/energy-digitalisation-taskforce-report-joint-response-by-beis-ofgem-and-innovate-uk
https://es.catapult.org.uk/news/data-for-good-smart-meter-data-access/
https://es.catapult.org.uk/news/data-for-good-smart-meter-data-access/
https://www.ofgem.gov.uk/sites/default/files/2022-07/BEIS%2C%20Ofgem%20and%20Innovate%20UK%20Statement%20on%20the%20Energy%20Digitalisation%20Taskforce%20Report%20%281%29.pdf
https://es.catapult.org.uk/project/digital-spine-feasibility-study/
https://joinup.ec.europa.eu/collection/nifo-national-interoperability-framework-observatory/news/interoperable-europe-act-proposal-and-nifo-0
https://www.ds4sscc.eu/
https://op.europa.eu/en/publication-detail/-/publication/43b8d2d1-6975-11ee-9220-01aa75ed71a1/language-en?WT_mc_id=Searchresult&amp%3BWT_ria_c=37085&amp%3BWT_ria_f=3608&amp%3BWT_ria_ev=search&amp%3BWT_URL=https%3A//energy.ec.europa.eu/
https://dsc.smartcities.gov.in/
https://smartcities.data.gov.in/
https://smartcities.data.gov.in/sites/default/files/DataSmart_Cities_Strategy_Print.pdf
http://dmaf.mohua.gov.in/
http://dmaf.mohua.gov.in/
https://aemo.com.au/en/initiatives/major-programs/nem-distributed-energy-resources-der-program/der-demonstrations/project-edge
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monitoring tools to ensure better visibility of distributed energy resources and 
their impacts on the electricity system. Australia’s Project EDGE, developed in 
collaboration with utilities, the system operator and the regulator, defines clear 
guidelines for data ownership, access, quality and completeness.  

In New Zealand the FlexTalk platform has been designed using Open Automated 
Demand Response (OpenADR) to trial how flexibility from EVs could be 
accessed and scaled up to include further demand-side assets. 

Platforms, tools and regulation can help policy makers 
use city data effectively  

A range of initiatives and pilots are seeking to address part of the data challenge 
and demonstrate that the technical prerequisites for power system data 
ecosystems already exist. In recognition of the escalating complexity, various 
jurisdictions have embarked on different approaches, acknowledging that 
entrusting utilities with developing bespoke solutions is insufficient. Instead, they 
are looking for comprehensive and collaborative solutions to tackle this evolving 
challenge head-on. Over the past two decades, a wide range of national and 
international bodies have been developing interoperability standards for energy 
system assets, including customer-owned assets.  

To ensure sufficient communication network stability, security and coverage to 
support data-driven planning and processes, it is also important for cities to bring 
together telecommunication network operators and grid developers to build 
communications and data resilience. The International Telecommunication 
Union, the United Nations specialised agency for information and communication 
technologies, is working with countries to improve access to digital technologies 
to underserved cities and communities. They additionally develop technical 
standards that ensure that networks and technologies interconnect seamlessly, 
to support climate change adaptation and mitigation actions in cities.  

Developing interoperable data registries is essential for effective electricity 
market functioning. Regulators can establish rules regarding data formats, 
exchange protocols, governance and consumer consent mechanisms. Initiatives 
like the Norwegian Elhub data hub and the Green Button Data service in the 
United States demonstrate effective centralised and decentralised data 
management. Cape Town's SmartFacility platform integrates smart meter data 
for decision making. International co-operation, like the Data4Cities Initiative, 
fosters data access and standardisation. 

Steps are being taken to enable better access to energy data. In June 2023 new 
EU rules were adopted to regulate access to electricity metering and 
consumption data. These rules aim to protect consumers, empower them in the 

https://aemo.com.au/en/initiatives/major-programs/nem-distributed-energy-resources-der-program/der-demonstrations/project-edge
https://www.eea.co.nz/Site/asset-management/adr-project/about-adr-project.aspx
https://www.iea-4e.org/wp-content/uploads/2022/10/EDNA-Studies-Connection-with-standardisation-Final.pdf
https://www.iea-4e.org/wp-content/uploads/2022/10/EDNA-Studies-Connection-with-standardisation-Final.pdf
https://www.itu.int/en/about/Pages/whatwedo.aspx
https://www.itu.int/en/about/Pages/whatwedo.aspx
https://www.itu.int/en/ITU-T/about/groups/2022-2024/Pages/sg20.aspx
https://www.itu.int/en/ITU-T/about/groups/2022-2024/Pages/sg05.aspx
https://www.cegal.com/en/dictionary/elhub
https://www.greenbuttondata.org/
https://www.capetown.gov.za/councilonline/_layouts/15/OpenDocument/OpenDocument.aspx?DocLocation=https://cityapps.capetown.gov.za/sites/CouncillorsOnline/MeetingDetails/ECC/Reports/16/ECC06070920%20-%20PRESENTATION%20%20-%20SMART%20FACILITY%20PROJECT.pdf
https://www.globalcovenantofmayors.org/our-initiatives/data4cities/
https://energy.ec.europa.eu/news/commission-adopts-new-implementing-act-improve-access-metering-and-consumption-data-2023-06-06_en
https://energy.ec.europa.eu/news/commission-adopts-new-implementing-act-improve-access-metering-and-consumption-data-2023-06-06_en
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energy transition and establish common reference models for data in EU 
countries, allowing consumers to permit third-party data access. In the 
United Kingdom, the regulator Ofgem has established that data best practice 
includes a requirement for aggregated smart meter data to be presumed open 
as part of the Digitalisation Strategy and Action Plan Guidance.  

Increasing focus is being placed on developing platforms and tools for more 
effective use of city data. For instance, the Global Covenant of Mayor’s Data 
Portal for Cities is an open data platform that helps communities fill critical 
information gaps by providing estimates of previously unavailable data drawn 
from national and regional sources. 

Additionally, moving from a one-off project mindset towards a planning approach 
driven by key performance indicators (KPIs) can also enhance the effective 
deployment of smart grid and city solutions. This shift involves moving beyond 
isolated initiatives and embracing a systematic framework that emphasises 
performance metrics and how to leverage existing open-source or new data to 
build such metrics. Building on international best practices, the OECD is 
developing harmonised indicators for smart cities across the dimensions of well-
being, inclusion, sustainability and resilience. The United for Smart Sustainable 
Cities (U4SSC) Initiative’s KPIs are a consistent and standardised method to 
collect data on a wide range of economic, environmental, societal and cultural 
factors “to assess the achievement of sustainable development goals”. Over 200 
cities worldwide are already implementing these KPIs. 

https://www.ofgem.gov.uk/publications/decision-updates-data-best-practice-guidance-and-digitalisation-strategy-and-action-plan-guidance
https://dataportalforcities.org/
https://dataportalforcities.org/
https://www.oecd.org/cfe/cities/Smart-cities-measurement-framework-scoping.pdf
https://u4ssc.itu.int/
https://u4ssc.itu.int/
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Chapter 5: Creating the conditions 
for implementing smarter urban 
energy systems  

Key takeaways 
• A range of barriers are constraining large-scale implementation of smarter urban 

energy systems.  

• The lack of an enabling policy and regulatory environment can constrain action 
and the development of new business models.  

• Without additional efforts in capacity building, reskilling and upskilling and 
attracting new talent, there is a risk that the implementation of new solutions and 
approaches will stall and that the full range of benefits from digitalisation will not 
be captured. 

• Cities and utilities are still facing significant challenges in accessing finance for 
smart project implementation; policy makers can remove obstacles and promote 
the development and use of new approaches. 

• Solutions to these challenges are starting to emerge and there is a growing body 
of promising approaches that are being developed and tested.  

The challenges facing smart cities 

Despite some progress, implementation is lagging  
While some progress has been made in areas such as smart grids, smart urban 
solutions and demand response, the widespread adoption of clean energy 
strategies is lagging. Ongoing challenges are preventing large-scale 
implementation despite a growing evidence base on the need for and benefits of 
smarter urban energy systems.  

Pilot and demonstration projects have great potential, but may not always lead to 
faster diffusion due to a lack of mechanisms to further develop a scalable solution. 
Often there is a lack of skilled personnel with knowledge of moving from 
demonstration to larger deployment. Frameworks for data governance, data 
sharing and interoperability may be missing, and complementary infrastructure 
may not be in place. Funding gaps are also a key blockage, reflecting the lack of 
a transparent financial ecosystem.  

https://www.sciencedirect.com/science/article/pii/S2214629623002682
https://www.sciencedirect.com/science/article/pii/S2214629623002682
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Three key interrelated areas need addressing: 

• Enabling regulatory environments that allow for testing, investing in and deploying 
new solutions. 

• Skills and capacity to develop projects and leverage new technologies. 

• Access to finance.  

Solutions to address these challenges are being developed and tested around the 
world, as discussed in the following sections.  

Overview of challenges facing smarter sustainable cities  

 
IEA. CC BY 4.0. 

 

Navigating regulatory challenges in energy 
innovation 

Nurturing innovation in the energy sector encounters various challenges. They 
encompass intricate regulatory environments, a dearth of clear guidance for 
innovators, restricted access to resources for smaller entities, risk aversion among 
regulators and policy makers, fragmented collaboration among stakeholders, and 
challenges in assessing the impact of projects. But policy makers and regulators 
have options for overcoming these hurdles, in particular:  

• Simplifying regulatory procedures. 

• Offering transparent guidance and resources. 

• Fostering collaboration. 

• Encouraging a culture of experimentation and risk-taking to cultivate a supportive 
environment for energy innovation. 
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Regulatory experimentation can be instrumental in overcoming barriers and can 
be pursued by using regulatory sandboxes, regulatory pilot projects and pilot 
regulation. These may often be necessary to reduce the potential for exposing bill 
payers to cost uncertainty. When developing new regulations, policy makers can 
hold public consultations and establish regulatory sandbox programmes to 
facilitate temporary rule exemptions for innovators to trial promising new solutions 
that require regulatory adaptations.  

In the United Kingdom, the regulator Ofgem has established a policy instrument 
called the Future Regulation Sandbox to test and trial changes to its energy 
rulebook in a controlled environment before implementing amendments. Among 
recent developments to facilitate smart grid deployment, Brazil is testing new tariff 
structures on more than 40 million customers across the country. 
The European Union has recently established a regulatory sandbox to test 
blockchain applications, Portugal is currently focusing on local energy community 
pilot projects, and Spain has just closed a first tender for projects to inform 
regulatory innovation in support of flexibility. 

City-level sandboxes provide further opportunities to test innovative solutions that 
do not fit into pre-existing regulation and policy landscapes. In Brazil, Rio de 
Janeiro has developed a sandbox to help innovation and the deployment of 
technology, and to understand what changes are needed to create receptive 
regulatory frameworks. All projects will undergo an impact assessment to 
determine what further actions are needed. In Korea, the Smart City Sandbox 
programme has been in place since 2020 under the Smart City Act, allowing the 
testing of new technologies and services.  

To facilitate experimentation options, policy makers can create specific 
co-ordination and information offices at the national level to provide guidance to 
regulators on experimentation across different sectors, such as the Canadian 
Centre for Regulatory Innovation, and create resources for this purpose, as 
Germany has done.   

Toolkits and one-stop shops can also be created to help innovators understand 
regulation and options for experimentation and facilitate participation from smaller 
entities. Examples include Australia’s Energy Innovation Toolkit and Japan’s 
single point of contact for applicants at the Cabinet Secretariat. This need also 
emerged in the United Kingdom, where innovators applied for regulatory 
sandboxes to receive clarification and regulatory advice, finding out that in most 
cases a sandbox was not necessary for them to test innovation. This resulted in 
guidance for innovators and a point of contact to support them.  

 

https://www.iea-isgan.org/wp-content/uploads/2019/05/ISGAN_Casebook-on-Regulatory-Sandbox-A2-1.pdf
https://www.ofgem.gov.uk/publications/proposal-introduce-future-regulation-sandbox
https://www.gov.br/aneel/pt-br/assuntos/noticias/2023/seis-propostas-de-sandboxes-tarifarios-sao-aprovadas-pela-aneel
https://ec.europa.eu/digital-building-blocks/wikis/display/EBSI/Sandbox+Project
https://www.erse.pt/comunicacao/destaques/erse-aprova-projetos-piloto-de-comunidades-de-energia-promovidos-pela-cleanwatts-e-pela-galp/
https://www.iea.org/commentaries/empowering-people-the-role-of-local-energy-communities-in-clean-energy-transitions
https://www.miteco.gob.es/es/prensa/ultimas-noticias/2023/06/el_miteco_apruebalaordenministerialqueconvocaelaccesoalsandboxre.html
https://oecd-opsi.org/innovations/sandbox-rio/
https://oecd-opsi.org/innovations/sandbox-rio/
https://smartcity.go.kr/en/%ed%94%84%eb%a1%9c%ec%a0%9d%ed%8a%b8/%ec%8a%a4%eb%a7%88%ed%8a%b8%ec%8b%9c%ed%8b%b0-%ea%b7%9c%ec%a0%9c%ec%83%8c%eb%93%9c%eb%b0%95%ec%8a%a4/%ea%b7%9c%ec%a0%9c%ec%83%8c%eb%93%9c%eb%b0%95%ec%8a%a4-%ec%86%8c%ea%b0%9c/
https://www.canada.ca/en/government/system/laws/developing-improving-federal-regulations/modernizing-regulations/who-we-are.html
https://www.canada.ca/en/government/system/laws/developing-improving-federal-regulations/modernizing-regulations/who-we-are.html
https://www.bmwk.de/Redaktion/EN/Publikationen/Digitale-Welt/guide-new-flexibility-for-innovation-en-web-bf.html
https://energyinnovationtoolkit.gov.au/
https://www.cas.go.jp/jp/seisaku/s-portal/regulatorysandbox_e.html
https://www.cas.go.jp/jp/seisaku/s-portal/regulatorysandbox_e.html
https://www.ofgem.gov.uk/publications/energy-regulation-sandbox-guidance-innovators
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Regulatory experimentation in Italy 

Since 2010 the Italian energy regulator, ARERA, has been implementing a variety 
of innovative regulatory approaches for learning purposes and to adapt incentive-
based regulation in support of decarbonisation and power system transformation. 
This has taken place across several distinct phases: 

 Phase one (2010-2012) focused on testing smart grid technologies, storage 
and dynamic thermal rating in critical portions of the grid, to design appropriate 
incentives for mass adoption.  

 Phase two (2017-2021) introduced system-level experimentation through pilot 
regulation, adopting new and transitional regulatory schemes.  

Several notable examples of pilot regulation include the following: 

In 2017 demand-side resources began being able to provide flexibility services for 
grid stability through virtual aggregation. Around 1.3 GW of aggregated resources 
have been made available and lessons learned so far are informing new regulation 
on dispatching, with implemented anticipated from 2024. 

In 2020 pilot regulation allowed new tariffs and business models for self-
consumers located within the same building or multi-apartment block, enabled by 
smart meters. Lessons from this transitional phase were reflected in the integrated 
text for self-consumption, adopted in 2023. 

In 2021 pilot regulation was introduced to incentivise private EV charging during 
off-peak hours. In parallel, the Italian committee for electrotechnical standards has 
been working on interoperability in the communication between aggregators and 
smart wallbox EV chargers. 

During this phase, stakeholder engagement and public consultations were also 
strengthened. 

 Phase three (2022-2025) continues to promote innovation, focusing on the 
opportunities offered by digitalisation to empower consumers and improve 
services, and on the innovative regulation of ancillary services, self-
consumption and energy communities. Further experimentation will assess 
whether the current regulatory model sufficiently allows distribution system 
operators to take greater responsibility for ancillary services and grid 
management. This will take place alongside several pilot projects carried out 
by Italian distributors, testing the use of distributed energy resources in local 
flexibility markets and a range of planning tools (see Chapter 2 for further 
details).  

 

https://www.iea-isgan.org/wp-content/uploads/2021/10/Regulatory-Sandbox-2.0_For-Publication.pdf
https://www.iea-isgan.org/wp-content/uploads/2021/10/Regulatory-Sandbox-2.0_For-Publication.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC132259
https://www.arera.it/atti-e-provvedimenti/dettaglio/22/727-22
https://www.arera.it/atti-e-provvedimenti/dettaglio/22/727-22
https://erranet.org/download/energy-transition-newsletter/?wpdmdl=126243&refresh=64df3fb994d351692352441
https://www.arera.it/it/quadrostrategico/2225/2225_indice.htm
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Developing digital skills and capacity for 
smart urban energy systems 

While digital technologies create far-reaching opportunities for cities and the 
energy sector, there is a risk that the lack of skills, including skills related to data 
and technology and soft skills, will constrain urban power system modernisation 
and may lead to investments in digital technologies being underutilised. Updating 
education programmes and vocational training, designing tailored capacity 
building, widening access to expertise and guidance, and ensuring inclusivity can 
all help address this risk. 

The new foundational skills of the digital economy 

 
Source: Burning Glass Technologies, Center for Innovative Technology, The Business-Higher Education Forum (2019), 
Future Skills, Future Cities, as modified by the IEA. 
 

The demand for the digital skills needed for smart cities is predicted to increase 
twice as fast as the overall national level. Implementation may stall because 
municipalities and critical organisations lack digital as well as traditional skills and 
the necessary human and infrastructure capacity to develop comprehensive smart 
city initiatives. This particularly relates to integrating systemic approaches to urban 
services in municipal administrations, which are frequently structured in siloes. 
Also, as cities evolve they will host increasing numbers of data flows, but many 
local governments do not yet have the skills and the infrastructure for collecting, 
storing and analysing such data. In the energy sector, data science skills will 
become more important, and AI and machine learning understanding will become 
increasingly necessary to fully achieve net zero ambitions. 

 

 

https://www.cedefop.europa.eu/en/publications/9172
https://www.cedefop.europa.eu/en/publications/9172
https://www.iea.org/reports/electricity-grids-and-secure-energy-transitions
https://files.eric.ed.gov/fulltext/ED596449.pdf
https://files.eric.ed.gov/fulltext/ED596449.pdf
https://www.cedefop.europa.eu/en/publications/9172
https://www.oecd.org/cfe/regionaldevelopment/Smart-Cities-FINAL.pdf
https://www.oecd.org/cfe/regionaldevelopment/Smart-Cities-FINAL.pdf
https://www.oecd.org/cfe/regionaldevelopment/Smart-Cities-FINAL.pdf
https://es.catapult.org.uk/report/data-science-skills-in-the-energy-sector-survey-results/
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Key actions to fill the skills and labour gap in urban power system modernisation 

 
IEA. CC BY 4.0. 

 

Some cities and national governments are offering training to city officials. For 
example, in South Africa a skills training programme was provided to 
Johannesburg city officials to support them in effectively implementing national 
and city-level policies in energy efficiency and green energy codes. Egypt has 
trained more than 12 000 government employees to build the digital skills needed 
to move to the New Administrative Capital, with programmes on digital project 
management as well as digital transformation to combat corruption. In 2020 the 
Cities Today Institute, a global collaborative network for cities, launched an 
education and training non-profit, the Urban Leadership Foundation, to support 
chief technology officers, chief information officers and their teams prepare for a 
digitised future. In Colombia the Ministry of Information and Communications 
Technologies launched training to close the digital skills gap  of professionals in 
the ICT industry, where up to 90% of the tuition costs are covered. 

Sharing knowledge and providing guidance and 
technical support drives urban energy transformations 

Several initiatives are underway to develop toolkits and initiatives geared towards 
assisting cities and communities adopt and implement smart city solutions, digital 
transformation and sustainable practices. In Canada, a smart city toolkit has been 
developed to provide guidance on a range of smart city applications and 

https://www.c40.org/news/green-jobs-creation-in-africa/
https://www.dailynewsegypt.com/2021/01/23/egypt-finalises-building-digital-capability-programmes-for-public-workers-moving-to-nac/
https://cities-today.com/cities-today-institute-launches-digital-skills-training-foundation/
https://www.mintic.gov.co/portal/inicio/Sala-de-prensa/Noticias/327065:MinTIC-abre-convoc
https://cippic-ca.github.io/SmartCityToolkit/about.html
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technologies with a focus on how data and technology can be applied to existing 
and new types of municipal services.  

With a view to promoting open-source data sharing, the Digital Cities Toolkit 
developed by UN Habitat is a policy toolkit to help develop people-centred, 
sustainable smart cities. It covers policies, data for the public good and technology 
procurement. Other capacity-building tools look to regions undergoing change. 
The UN entity the International Telecommunication Union has developed the 
Toolkit on Digital Transformation for People-Oriented Cities and Communities to 
provide a comprehensive guide to the digital transformation of cities and 
communities, aimed at local government leaders, urban planners and city officials.  

One proven method of improving collective knowledge is sharing best practice 
advice, highlighting successful projects that have tested new innovative methods, 
and also providing technical assistance in the early stages. Mission Innovation’s 
Urban Transitions Mission works to support cities to scale up innovative people-
centred solutions such as distributed renewables, digital solutions and zero-
emissions mobility, and by collaborating with national governments, international 
organisations, the private sector and financial institutions. There is also benefit in 
learning not just what worked, but also understanding what prevented wider or 
more rapid success. The European Union has set up the Smart Cities 
Marketplace, which provides a map of European smart city projects, including an 
overview of results achieved, barriers encountered and lessons learned. It also 
provides resources and support for implementation, including technical 
assistance. 

To achieve the change that is necessary, and at the pace needed to stay on track 
with a pathway consistent with achieving net zero by 2050, it will be necessary to 
test many new solutions and technologies in many different regions and find what 
works well in diverse locations. The Mission Innovation Green Powered Future 
Mission aims to demonstrate that power systems in different geographies and 
climates can effectively integrate up to 100% renewable energy and maintain a 
cost-efficient, secure and resilient system. The initiative is implementing 80 pilot 
projects across different geographies, with an approach that avoids duplication 
and is focused on scalability and replicability. Other projects such as the 
EUR 345 million EU Horizon 2020-funded project, the Scalable Cities initiative, 
brings together 18 smart cities and communities to identify and promote energy 
solutions and business models that can be scaled up and replicated and lead to 
measurable outcomes. It has implemented more than 550 demonstrations of 
technological and social innovations in the areas of mobility and logistics, 
buildings, urban data and digital infrastructure, people’s engagement and urban 
governance. 

https://unhabitat.org/digitalcitiestoolkit/
https://toolkit-dt4c.itu.int/
https://mission-innovation.net/missions/urban-transitions-mission/
https://smart-cities-marketplace.ec.europa.eu/
https://smart-cities-marketplace.ec.europa.eu/
https://explore.mission-innovation.net/wp-content/uploads/2023/07/MI-GPFM-%E2%80%93-National-Pilots-Report-2023.pdf
https://explore.mission-innovation.net/wp-content/uploads/2023/07/MI-GPFM-%E2%80%93-National-Pilots-Report-2023.pdf
https://smart-cities-marketplace.ec.europa.eu/scalable-cities
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Inclusive programmes for skills development can break 
down barriers to clean energy opportunities 

Targeted programmes and initiatives can help ensure that underrepresented 
groups benefit from clean and digital energy transition opportunities. The UN 
Development Programme and the Union of Municipalities of Türkiye have 
announced an EUR 8 million four-year digital vocational training initiative targeting 
a first round of 4 000 students and youth in cities across the country, while also 
upskilling municipal employees and working with youth-focused NGOs. In 
South Africa, in a larger-scale project, the city of eThekwini has recently set the 
target to train 1 million young people with IT skills in the next three years. 

Several cities have identified the potential for the new energy economy and are 
developing green jobs programmes to train people, focusing on supporting 
underrepresented, low-income and unemployed people. In Brazil the city of 
Belo Horizonte, in collaboration with the United States, has launched the Coding 
Dreams in Vilas and Favelas initiative to foster digital inclusion by providing 
vocational training to residents of the vilas and favelas. Since 2019 the Coding 
Dreams programme has trained over 1 000 people. In the United Kingdom, the 
Green Skills Academy was launched in 2022 by London City Hall to provide 
training in green jobs to underrepresented groups, and aims to support 3 000 
learners into jobs and 3 700 people into new training and learning. 

Strategies and solutions for financing urban 
energy innovation 

While both cities and electricity utilities face challenges in using their budgets to 
invest in digital technologies and new solutions, they can also face challenges in 
accessing finance and participating in projects and partnerships. Risk perceptions 
and lack of methodologies to quantify the full range of benefits from projects can 
further limit access to finance.  

Public funding can help de-risk projects and attract 
private financing   

Public funds can be used to de-risk and attract private financing. In the 
United States, as a result of the US Infrastructure Investment and Jobs Act, 
funding of more than USD 1.2 trillion will be available to help cities and 
communities build a range of smart city projects, such as the deployment of 
vehicle-to-grid technologies or the development of transport planning tools. In 
Europe, the Next Generation EU recovery plan allocated EUR 5.4 billion to its 
research and innovation Horizon Europe programme, which will contribute to 
 

https://www.undp.org/turkiye/news/digital-youth-centers-getting-ready-launch-45-provinces
https://www.itweb.co.za/content/mYZRXv9gRGlMOgA8
https://www.iea.org/news/the-energy-world-is-set-to-change-significantly-by-2030-based-on-today-s-policy-settings-alone
https://use.metropolis.org/case-studies/coding-dreams-in-vilas-and-favelas
https://use.metropolis.org/case-studies/coding-dreams-in-vilas-and-favelas
https://www.c40knowledgehub.org/s/article/Good-green-jobs-Dashboard-of-city-programmes?language=en_US
https://www.gfoa.org/the-infrastructure-investment-and-jobs-act-iija-was
https://op.europa.eu/en/publication-detail/-/publication/d3e77637-a963-11eb-9585-01aa75ed71a1/language-en
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funding the Climate-Neutral and Smart Cities Mission. This aims to create 
100 climate-neutral smart cities by 2030, which would serve as pilots to enable all 
European cities to follow suit by 2050. 

Sharing financial knowledge and skills, offering direct financial aid for capacity 
development and facilitating connections between different funding sources can 
help improve access to finance. Robust methodologies to assess the full costs 
and benefits of options can help alleviate risks and facilitate access to finance. 
The International Smart Grid Action Network has developed a smart grid 
evaluation toolkit that helps identify smart grid planning options through a techno-
economic assessment that integrates cost-benefit analysis within a multi-criteria 
framework. Similarly, cities can benefit from tools to better assess the full set of 
costs and benefits.  

To overcome investment barriers and leverage the impact of public resources, an 
increasing number of public green banks and green bank-like entities have 
emerged, offering green financial products to leverage public and private capital 
that unlock access to funding for projects aiming to reduce emissions, improve 
efficiency and provide resilience. There are examples of many successfully funded 
projects in the United States, India, Indonesia and France. 

International and multilateral financial institutions can provide funding and tools to 
support urban-led action. The European Bank for Reconstruction and 
Development launched its Green Cities Framework in 2016 to systematically 
promote sustainable urban development in more than 50 cities in 25 countries, 
with more than EUR 5 billion invested across around 90 projects, saving 
4.6 million tonnes equivalent of CO2, equivalent to removing over 1 million cars 
from the road.  

 

Analysis of G7 investment and priorities reveals trends in government energy 
spending 

Total energy-related government spending, as monitored by the IEA’s Government 
Energy Spending Tracker, has risen significantly since the start of the Covid-19 crisis. 
As of June 2023 governments globally had spent more than USD 2.2 trillion since 
April 2020, with G7 countries accounting for 63% of total investment. Germany and 
Japan spent around 73% of their total energy-related spend on supporting energy 
affordability, followed by France and the United Kingdom at around 60%.  

Energy efficiency-related investment – including spending on efficient buildings and 
industry and low-carbon and efficient transport – accounted on average for around  

https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/climate-neutral-and-smart-cities_en
https://www.iea-isgan.org/our-work3/wg_3/
https://www.iea-isgan.org/our-work3/wg_3/
https://greenbanknetwork.org/what-is-a-green-bank-2/
https://dcgreenbank.com/project/flywheel-portfolio/
https://www.researchgate.net/profile/G-Prabhu-6/publication/350722797_GREEN_BANKING_PRACTICES-_A_Case_Study_on_Indian_Green_Banking_System/links/606eb23c299bf1c911b688fa/GREEN-BANKING-PRACTICES-A-Case-Study-on-Indian-Green-Banking-System.pdf
https://www.unepfi.org/industries/banking/energy-and-industry-green-finance-case-studies/
https://www.banquedesterritoires.fr/offres/smart-city-ville-intelligente?mtm_campaign=CMP_SEA_FR&mtm_kwd=GEN_SEA_FR_OT_SMARTCITY&mtm_source=GOOGLE&mtm_medium=SEA&mtm_content=ads_ot_smartcity&gclid=CjwKCAiA7t6sBhAiEiwAsaieYlzW-tM2WcIh4MU2ZaYYycjkCG3WcKKduwv8ErrkYcipKlDsUe1diBoCkEkQAvD_BwE&gclsrc=aw.ds
https://www.ebrd.com/news/2023/ebrd-green-cities-project-will-modernise-electricity-distribution-grid-around-chisinau-.html
https://www.iea.org/reports/government-energy-spending-tracker-2
https://www.iea.org/reports/government-energy-spending-tracker-2
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33% of spending, approaching 53% and 75% respectively in Italy and Canada. The 
United States also spent 3%, equivalent to USD 16.3 billion, supporting people-
centred transitions programmes. 

Government energy-related investment support (left) and spending areas in G7 
countries (right), April 2020-June 2023 

 
IEA. CC BY 4.0. 

Source: IEA (2023), Government Energy Spending Tracker: Policy Database, accessed February 2024. 

 

Green, social and sustainable bonds create economies 
of scale 

Some cities, with support from national governments, the private sector and 
international organisations, are addressing barriers and developing new business 
models and approaches to fund sustainable energy projects and implementation. 
Green, social and sustainable bonds are becoming an attractive instrument to 
finance low-carbon projects in cities. By bundling into one investment multiple 
projects that otherwise may have difficulty attracting investors due to low value, or 
uncertain returns, bonds can provide economies of scale and attract new 
investors. According to a recent market update by the World Bank, local 
governments have to date issued USD 21 billion in green bonds. Funds raised are 
being used for many different applications. In Canada, the city of Toronto has 
issued green bonds for investment in renewables, energy efficiency and green 
building projects. The city of Reykjavik, Iceland, has issued a green bond 
framework focusing on the low-carbon economy, such as buildings energy 
efficiency, clean transport and adaptation measures. Navigating financial markets 
can be challenging, but some governments are providing detailed guidance. 
Colombia produced a comprehensive guide for municipalities on co-financing 
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https://www.iea.org/data-and-statistics/data-tools/government-energy-spending-tracker-policy-database
https://thedocs.worldbank.org/en/doc/98c3baab0ea4fc3da4de0e528a5c0bed-0340012023/original/GSS-Quarterly-Newsletter-Issue-No-2.pdf
https://www.toronto.ca/city-government/budget-finances/city-finance/investor-relations/green-debenture-program/
https://www.greenfinanceplatform.org/policies-and-regulations/city-reykjav%C3%ADk-green-bond-framework
https://www.asocapitales.co/2022/09/guia-territorial-para-la-cofinanciacion/
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smart cities, which delineates national and local-level financial resources, as well 
as international co-operation and private funding, that can be used according to 
the type of project, including smart grids and renewables in cities.  

Mixing and matching public and private funding creates 
scale  

Private capital can help fill the investment gap, but challenges inherent in smart 
grid and smart city projects may impede private investment, including the risk 
associated with new technologies, difficulty in monetising socio-economic 
benefits, and the lack of a clear path to return on investment. Analysis by the  
European Commission has determined that more than 40% of European smart 
city projects were financed from both combined public and private funds. In Rio de 
Janeiro, Brazil, public–private partnership investment of almost USD 190 million 
was used to replace more than 450 000 public lights with high-efficiency LEDs as 
part of the Smart Luz project. Around 70% included IoT sensors, enabling efficient 
operation through remote monitoring and control, with an additional 
20 000 sensors providing data such as rainfall levels.  

As part of the US Smart Cities Challenge, Columbus, Ohio, received a 
USD 40 million Department of Transportation grant, along with USD 10 million in 
philanthropic support, which enabled the city to attract more than USD 100 million 
of private sector investment. The municipality used the finance to transform the 
city’s transport system, including deploying a digital tool and promoting ride 
sharing to reduce fuel usage and improve mobility for lower-income communities. 
The initiative has reduced traffic congestion, has seen EV adoption above regional 
averages, and has created or induced more than 2 300 jobs. In Spain a model 
was developed in Barcelona to combine clean energy and efficiency with rooftop 
solar PV and building energy retrofits. This pilot project has led to a strong pipeline 
of projects for implementation, with around 1 500 individual participants 
registering their interest in hosting PV installations on their buildings.  

The C40 Cities Finance Facility, funded by the German, UK and US governments, 
facilitates access to finance for climate change mitigation and resilience projects 
in urban areas. Similarly, the City Climate Finance Gap Fund is supporting cities 
in emerging market and developing economies to design urban growth scenarios, 
and prioritise what sort of policies and investment mechanisms can support 
implementation. The EU Smart Cities Marketplace provides support in developing 
projects and matchmaking for the financing of urban projects and intensification of 
partnerships with existing initiatives. Since 2018, this initiative has been able to 
match approximately 130 projects with a value of more than EUR 600 million in 
investment. 

https://energy.ec.europa.eu/publications/analysing-potential-wide-scale-roll-out-integrated-smart-cities-and-communities-solutions_en
https://www.environmental-finance.com/content/awards/environmental-finances-bond-awards-2022/winners/sustainability-project-bond-of-the-year-smart-luz.html
https://smartcolumbus.com/programs/smart-city-demonstration
https://iotmadlab.es/wp-content/uploads/2023/10/Smart-Cities-Marketplace-Smart-Solutions-Casebook.pdf
https://c40cff.org/
https://www.citygapfund.org/story/city-climate-finance-gap-fund-aims-expand-technical-assistance-new-cities
https://smart-cities-marketplace.ec.europa.eu/scalable-cities
https://commission.europa.eu/news/focus-energy-and-smart-cities-2022-07-13_en
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Chapter 6: New approaches to 
pilots and experimentation for 
large-scale implementation 

Key takeaways 
• Pilot projects can be useful for testing and de-risking early-stage digital energy 

solutions in emerging markets. They reduce subsequent costs and time while 
providing valuable evidence and insights. The involvement and innovation of non-
traditional actors in regulatory aspects also support successful outcomes. 

• Strengthening international collaboration and knowledge sharing is crucial for 
developing common practices and standards. Collaborative projects can 
accelerate urban energy transitions at a lower cost, providing evidence for the 
value of digital solutions. 

• The 3DEN/UNEP pilot projects in India, Morocco, Brazil and Colombia showcase 
the benefits of advanced digital technologies. They aim to improve energy 
management, enhance affordability and manage grid flexibility, with quantifiable 
outcomes like energy savings and CO2 emission reductions. 

Accelerating implementation in emerging markets and 
developing economies 

Emerging economies require further investment in early-stage digital energy 
solutions to leverage renewable resources, enhance supply security and increase 
energy access. Pilot projects can help de-risk such initiatives by testing 
technologies in limited areas, reducing implementation costs and time. New 
approaches such as demand response and community initiatives need not only 
new technologies, but also involvement from non-traditional actors and innovation 
in regulatory, institutional and social aspects. Pilots offer real-life evidence and 
adaptability insights, while international collaboration and capacity building 
facilitate best practice sharing and project scaling. 

Strengthening international collaboration and knowledge sharing is vital to 
developing common practices and standards and identifying areas where 
innovation can be leveraged jointly, accelerating progress in urban energy 
transitions at a lower cost. Collaborative demonstration projects can provide 
valuable lessons on how to manage digital technologies on a larger scale and 
create evidence for the value created by digital solutions and technologies, which 
can, in turn, help de-risk future investments. 
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To accelerate action, UNEP and Italy’s Ministry for Ecological Transition are 
teaming up to support the digitalisation and development of flexible and resilient 
energy systems for the urban context and beyond. They have developed a novel 
smart grid pilot programme that is providing insights and evidence for the IEA’s 
Digital Demand-Driven Electricity Networks (3DEN) Initiative, on the policy, 
regulatory, technology and investment context needed to accelerate progress on 
power system modernisation and effective utilisation of demand-side resources. 
Four pilot projects are currently underway, which together aim to test new 
approaches to demand-side and distributed energy resources across a range of 
contexts, revolving around the principles of replicability and scalability.  

Digital twin for enhanced electric distribution grid 
operation and management (India) 

A pilot project, led by Panitek Power, is implementing digital twin technology for 
the first time in a fast-changing low-voltage distribution network in a southern part 
of New Delhi, India. Digital twins can efficiently integrate diverse data sources, 
offering distribution companies valuable insights for effective grid operation and 
management, and strategic planning for optimal asset deployment and upgrades. 
At the same time, the increasing penetration of rooftop PV and EV charging points 
presents additional challenges in grid operations. This initiative aims to provide 
crucial visibility on the network, empowering utilities to make real-time informed 
decisions on the one hand, and on the other to help defer the need for substantial 
investment in grid infrastructure, which is particularly significant considering the 
escalating number of electricity consumers in India. In the 19 months preceding 
January 2024, 29 million new household connections were added to the existing 
residential customer base of 267 million in 2022.  

The distribution sector in India is grappling with financial and operational 
sustainability issues, with significant technical and commercial losses in parts of 
the Indian distribution network. Pinpointing the sources of these losses is crucial 
for remediation efforts.  

The project covers 3 600 residential and commercial consumers, and measures 
various metrics, including implementation, performance, environmental impact 
and cost savings. The goal is to establish the tangible value of digital twin 
technology and provide recommendations for best practices. This comprehensive 
approach generates high-quality evidence that can guide policy makers in 
supporting the widespread implementation of this technology across India and 
beyond.  

https://www.unep.org/
https://www.mase.gov.it/
https://www.iea.org/programmes/digital-demand-driven-electricity-networks-initiative
https://www.panitek.com/
https://pib.gov.in/PressReleasePage.aspx?PRID=1997726#:%7E:text=We%20have%20ensured%20universal%20electricity,in%20New%20Delhi%2C%20on%20January
https://cea.nic.in/wp-content/uploads/general/2022/GR_Final.pdf
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Implementation of advanced digital industrial and energy 
monitoring systems (Morocco) 

Decarbonisation of industry is a strategic priority for Morocco and the country is 
targeting a 20% reduction in energy consumption by 2030. However, current 
energy management systems only display consumption in real time, without 
storing and analysing data for decision making or providing energy performance 
indicators. This hinders the effective identification of opportunities to reduce 
energy usage. The pilot project, implemented by Les Eaux Minérales d'Oulmès 
(LEMO), addresses these issues through digitalisation and the use of AI modules 
at two bottling sites to forecast energy consumption (by location and by production 
line), identify energy losses and predict maintenance actions to reduce energy 
consumption.  

The two lead project bottling sites alone have an electricity consumption of almost 
56 GWh (2021), with a peak capacity of 10.25 MW (Tarmilat) and 7.5 MW 
(Bouskoura). Such high energy consumption, combined with the current state of 
the equipment, requires more advanced and intelligent solutions for measuring 
energy in real time and analysing large amounts of data to produce tangible 
savings. The project should result in energy savings of at least 30%.  

The data generated by the project will be used to develop energy efficiency action 
plans. These will serve as a roadmap for the entire sector. The project is intended 
to contribute to reducing CO2 emissions in line with the LEMO low-carbon strategy, 
which aims to achieve a 50% reduction in greenhouse gas emissions by 2030 
compared to business as usual. This would contribute to the national emissions 
reduction target of 45.5% by 2030. 

The project will also address the sector’s infrastructure gap, specifically smart and 
interconnected energy metering systems, and the limited levels of awareness, 
funding and technical assistance.  

Digital districts for flexible energy services (Brazil)  
An estimated 96 000 new affordable houses will have to be built every day globally 
by 2030 to meet growing housing needs. At the same time, low- and moderate-
income households are less likely to adopt rooftop PV. They may face barriers to 
actively participating in and reaping the benefits of the energy transition. 

The Digital Districts for Flexible Energy Services (D2FX) project, led by Planet 
Smart City, aims to demonstrate how digital solutions can improve housing 
affordability by optimising energy usage and reducing the associated costs. It 
intends to demonstrate how digital solutions can seamlessly integrate distributed 
energy resources with energy storage systems and orchestrate dispatchable 
loads at consumers’ premises to support the grid and avoid disruptions. This can 

https://www.trade.gov/country-commercial-guides/morocco-energy
https://www.oulmes.ma/
https://climatepromise.undp.org/what-we-do/where-we-work/morocco
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Funhabitat.org%2Fsites%2Fdefault%2Ffiles%2F2023%2F07%2F13_07_2023_sdg11_report.pdf&data=05%7C02%7Ccarolina.merighi%40un.org%7C2be713408e074b0e2fc408dc27311b44%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638428339067974319%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=COAJzCycGP7M4BKF%2FWpF2DV%2BtFyxdjORGwGWqpuD38U%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fescholarship.org%2Fcontent%2Fqt9r691210%2Fqt9r691210_noSplash_8d89b9dca174de66d690a22ada9b81bf.pdf%3Ft%3Dqkas8n&data=05%7C02%7Ccarolina.merighi%40un.org%7C2be713408e074b0e2fc408dc27311b44%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638428339067981634%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=3%2FeD6VLhai1egzDC4n40GTNbG5I1Rdc2b0KEy83Bfko%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fplanetsmartcity.com%2Fprojects%2Fpilot-project-in-smart-city-laguna%2F&data=05%7C02%7Ccarolina.merighi%40un.org%7C2be713408e074b0e2fc408dc27311b44%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638428339067987798%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=JwAGSic4r2chcHnsjtlKbuQfeVxxBsoHo%2FHPd9NKvoA%3D&reserved=0
https://planetsmartcity.com/
https://planetsmartcity.com/
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enable consumers to actively participate in the electricity system and benefit from 
remuneration schemes for energy production and for providing ancillary services.  

The project is optimising demand response and load-shifting mechanisms while 
providing seamless services and enhanced comfort for residents in the large-
scale, affordable housing neighbourhoods of Aquiraz and Laguna near Fortaleza, 
Brazil. The project Smart City Laguna is expected to involve 18 000 residents and 
to benefit around 10% of the resident population. More than 60 houses out of 623 
will be equipped with solar PV (1.1 kWp) and home storage system (5 kWh) and 
each house is expected to produce and consume respectively 1 970 kWh and 
1 570 kWh per year. The innovation hub of Smart City Aquiraz will be equipped 
with solar PV with a nominal power of 80 kWp and a storage system of 15 kWh, 
and is expected to produce 140 MWh per year. A digital layer of sensors 
connected to the Energy of Things Platform seamlessly gathers real-time data 
from distributed renewable energy production plants, energy storage systems and 
smart meters at the housing unit level. The platform optimises energy use and 
identifies the best actions the community can implement to maximise the use of 
local renewable sources. It also relays crucial insights to residents through an app. 
This direct communication channel empowers residents to tailor their energy 
consumption to individual needs, reducing waste and curbing expenses.  

By harmonising technological innovation, environmental stewardship and societal 
well-being in energy usage and urban planning, the project aims to provide 
evidence of the profound environmental, social and economic benefits that digital 
technologies can unlock across smart affordable districts globally.   

One of the project’s goals is also to support the scaling-up of these solutions and 
their potential use in affordable housing programmes, such as Brazil's Minha Casa 
Minha Vida, to allow low-income consumers and other stakeholders in the value 
chain to benefit from clean energy transitions. 

Distribution system operator’s grid flexibility project 
(Colombia)  

This pilot project, led by Enel Grids, aims to implement a flexibility scheme 
strategically designed to alleviate grid congestion and guarantee the reliability of 
services in the Sabana Norte region, within Enel’s concession area in Colombia. 
The anticipated impact extends to over 320 000 customers. 

The region is currently grappling with congestion events, resulting in outages, 
exacerbated by the surge in electricity demand resulting from a major expansion 
of the industrial and commercial sectors, with a potential for further future growth. 
To address these circumstances, the project laid out plans to reinforce the affected 
grid, to be completed in the medium term.  

https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.e-ot.it%2F&data=05%7C02%7Ccarolina.merighi%40un.org%7C2be713408e074b0e2fc408dc27311b44%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638428339067993804%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=mTVUu4Vh8TThbKaLrT5gGGY8YJerDkt%2FGsmKLB4ntIQ%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fplanetsmartcity.com%2Fdigital%2F&data=05%7C02%7Ccarolina.merighi%40un.org%7C2be713408e074b0e2fc408dc27311b44%7C0f9e35db544f4f60bdcc5ea416e6dc70%7C0%7C0%7C638428339067999963%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=uOM9GFKsM00QVZmiy3p%2BpQNA1PU0dnzWguh95Ewi%2BRY%3D&reserved=0
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/habitacao/programa-minha-casa-minha-vida
https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/habitacao/programa-minha-casa-minha-vida
https://www.enel.com/company/services-and-products/enel-grids
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The project’s digital solutions will facilitate near-real-time dispatching and 
seamless interactions between customers and the distribution system operator. 
Industrial and commercial entities with significant energy consumption will be 
empowered to adapt their consumption through monitoring and control devices 
and an app for bidirectional communication, and they will be remunerated for 
contributing substantial demand response. 

This project leverages available demand-side flexibility and the smart grid 
capabilities of the distribution system operator to maximise the utilisation of 
distributed energy resources and contribute to the overarching goal of digitalising 
both the network and end users, thereby advancing the decarbonisation agenda 
in the energy sector.  

This project will test innovative methods for fault prediction and loss reduction 
within the electricity distribution system. It will provide policy makers with a 
blueprint for potential mechanisms to activate demand-side flexibility in similarly 
congested areas nationally and beyond.  

Approaches to maximising the value of pilots  
These pilot projects have been designed to provide valuable data and insights to 
inform policy making and future projects. Further implementation in different 
locations will enable the development of strategies to adapt to local circumstances 
and demonstrate how projects can be tailored to achieve more successful 
outcomes. An important aspect related to scaling up and replication is that the 
conditions need to be right for projects to realise their ambition, particularly in 
EMDE regions where persistent barriers to finance exist due to the high cost of 
capital. Co-ordinated international support and mechanisms to enable 
international sharing of learning and insights offer the prospect of achieving scale 
and speed, and lower costs. 
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Chapter 7: Conclusions 

National policy makers have an essential role to play in implementing new 
approaches and leveraging human, technological and financial resources to 
achieve net zero energy transitions in cities. This report looks at four priority areas 
for national policy makers when approaching their own climate action plans. These 
key areas place people at the centre of clean energy transitions in cities, support 
data-driven integrated planning, create a supportive environment for 
innovation and change, and foster international co-operation. By paying 
attention to these essentials, national policy makers can craft inclusive policies, 
prioritise efficiency and empower communities.  

Four priority areas for national policy makers 

 
IEA. CC BY 4.0. 

 

Placing people at the centre, building for the 
future 

Social licence, consisting of people’s acceptance, approval and trust, is essential 
for advancing clean and equitable energy transitions at the necessary scale and 
pace to achieve climate and energy goals. Community-centred clean energy 
initiatives play a crucial role in securing this social licence by enabling individuals 
and communities to actively participate in adopting more efficient and sustainable 
practices and investing in clean energy technologies. These initiatives offer 
several benefits, including providing demand-side flexibility, reducing costs, 
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promoting affordability, equity and inclusion, and generating local employment 
opportunities.  

By prioritising a people-centred approach to urban net zero transitions, national 
policy makers empower cities to champion local and community-centred clean 
energy efforts while investing in education and capacity building. 

National policy makers can promote equitable measures through the following 
actions.  

• Supporting community-led initiatives for sustainable development: 

• Craft policies that provide financial incentives and regulatory support for 
community-driven initiatives such as community procurement, people-led 
renovation, energy communities and positive energy districts. 

• Specifically include vulnerable communities to ensure they benefit from these 
initiatives, promoting inclusivity and equity in urban development efforts. 

• Promoting integrated urban planning with stakeholder involvement: 

• Integrate multi-dimensional analysis, including environmental and social aspects, 
into urban planning frameworks. 

• Support stakeholder involvement in decision-making processes to ensure 
comprehensive and inclusive urban development strategies. 

• Examine multi-level governance mechanisms to facilitate co-ordination between 
local, regional and national authorities in urban planning efforts. 

• Designing benefit-sharing mechanisms for clean energy access: 

• Design benefit-sharing mechanisms such as group-buying schemes and 
subscription models to reduce the cost barrier for accessing clean energy 
technologies. 

• Provide incentives and support for the implementation of these mechanisms, 
enabling equitable distribution of clean energy benefits, particularly among 
underrepresented and vulnerable groups. 

• Foster collaboration between governments, utilities and community organisations 
to implement and scale up benefit-sharing initiatives effectively. 

Supporting data-driven integrated planning 
Data-driven integrated planning is crucial for transitioning to cleaner energy 
systems in urban areas. National policy makers can support sustainable energy 
objectives in all planning phases. City governments can accelerate progress by 
engaging people, prioritising efficiency and renewables, providing regulatory 
oversight and aligning utilities with urban objectives to ensure resilience and 
flexibility in power systems.  

https://annex83.iea-ebc.org/
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National policy makers can support strategies for data-driven integrated 
planning by taking the following actions: 

• Integrating energy and climate objectives into urban planning: 

• Embed energy and climate objectives into zoning and permitting regulations, 
infrastructure development plans and urban land use planning frameworks. 

• Ensure that energy and climate considerations are central throughout all stages 
of urban planning and development, promoting sustainability and resilience. 

• Aligning grids with urban objectives: 

• Encourage electricity utilities to align their planning processes with urban 
objectives, fostering collaboration and engagement with energy users. 

• Promote co-ordination between utilities and urban planners to ensure that energy 
infrastructure development supports broader urban development goals. 

• Incentivising optimisation of grid infrastructure and demand-side management: 

• In addition to investments in grid expansion, create incentives to optimise use of 
current grid infrastructure and leverage demand-side assets to enhance efficiency 
and flexibility. 

• Encourage investment in grid modernisation technologies and demand response 
programmes to improve grid reliability and resilience. 

Creating a supportive environment 
Digitalisation empowers data-driven decisions for city-led net zero transitions. 
Real-time data inform target setting and assist in the identification of opportunities 
and monitoring of progress. National policy makers can create a policy 
environment that enables data access, fosters the sharing of best practices and 
promotes open standards. To address financing challenges, they can incentivise 
partnerships and innovative mechanisms, transform regulations and foster 
collaborative financing at the regional level. 

National policy makers can enable data-driven decision making by taking the 
following steps: 

• Enhancing data accessibility and utilisation for effective power system 
management: 

• Enable city and utility access to relevant data to effectively manage the evolving 
power system, particularly by increasing visibility of distributed energy resources. 

• Facilitate data sharing through trust frameworks and open data standards, 
ensuring all stakeholders, including government and utilities, can use data to 
inform decision making and drive innovation in business models. 

• Promoting interoperability and digitalisation for informed decision making: 
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• Build on open data and interoperability principles to establish a common protocol 
and reference architecture for digitalisation. 

• Enable more informed decision making and better integration of new technologies 
and business models into urban energy systems. 

• Supporting innovation and financing for sustainable urban development: 

• Reshape governance and regulatory frameworks to promote digital-driven 
decarbonisation in urban areas, fostering innovation and sustainability. 

• Encourage collaboration and experimentation through city-level sandboxes and 
pilot projects to test innovative business models in electricity grids and other urban 
sectors. 

• Improve access to finance by leveraging public funding, fostering collaborative 
financing schemes, and building sustainable finance mechanisms to support net 
zero pathways in urban contexts. 

Fostering international co-operation 
Implementing effective pilot projects and fostering international collaboration on 
grid modernisation are important for advancing sustainable energy solutions. 
Strategies such as knowledge exchange, allocating funding and replicating 
successful pilots could drive widespread adoption of clean energy solutions in 
urban settings.  

Facilitating international co-operation, sharing technical expertise and mobilising 
financial resources are essential for enhancing grid modernisation efforts globally. 
To achieve these goals, it is important to address common challenges. Managing 
climate change and ensuring energy security require collective action through 
collaborative research, innovation and solutions. Strong international partnerships 
will contribute towards establishing resilient and sustainable energy systems that 
will drive global economic growth and development. 

National policy makers can ensure effective pilot project implementation 
through these actions: 

• Disseminating knowledge and accelerating innovation: 

• Foster knowledge dissemination and learning exchange from urban pilot projects 
to identify areas for further innovation in urban energy transitions. 

• Promote collaborative demonstration projects to accelerate progress in urban 
energy transitions at a lower cost, leveraging insights gained from successful 
pilots. 

• Supporting financially for scaling up smart energy technologies: 

• Allocate supplementary funding for successful pilot initiatives to facilitate the 
scaling-up of smart energy technologies, particularly in urban contexts. 
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• Support the expansion of proven solutions to a larger scale, contributing to the 
widespread adoption of clean energy technologies. 

• Replicating successful pilot projects for wide adoption: 

• Develop strategies for replicating successful pilot projects to drive widespread 
adoption of clean energy solutions across diverse urban settings. 

• By replicating successful models, ensure that the benefits of clean energy 
solutions are accessible to a broad spectrum of urban communities. 

Potential international actions spearheaded 
by G7 countries  

G7 countries have an important role to play in incentivising and accelerating smart 
urban clean energy transitions by acting on several different fronts. These 
countries can provide financial incentives, resources and learning opportunities to 
help cities fund and implement their smart city initiatives. They can help create 
common visions for low-emissions transitions, improve co-ordination across 
government levels, and help deploy enabling technologies and infrastructure. 

G7 countries can play an active role in speeding up the global transition by 
enabling developing economies to access the benefits that digitalisation can 
unlock through knowledge exchange, capacity building, technology transfer, and 
projects and programmes aimed at developing and trialling innovative approaches 
and dedicated financing mechanisms.  

Moreover, G7 countries can help set up broad international communities of 
practice, support research and development, and enable cities to take advantage 
of advances in innovation. G7 countries can also provide common resources, 
frameworks and standards and foster collaboration between cities. 

Finally, G7 countries can further strengthen co-operation with EMDEs, 
supporting in particular Africa’s clean energy ambitions and advancing progress 
on inclusive and people-centred clean energy transitions, dovetailing with G20 
efforts, namely the Brazilian G20 Presidency’s key priorities.  

The 3DEN Initiative can play a key role in synergising international collaboration 
on the topic of urban energy transitions and facilitating knowledge exchange, from 
policy guidance to on-the-ground implementation. The IEA and the Italian 
government welcome further countries and organisations joining the 3DEN 
Initiative and actively contributing to the development of analysis, tools, 
engagement and guidance in support of clean energy transitions around the world. 
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