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Abstract  
 
The process of electrification has been touted as one of the key solutions to the global decarbonization 
challenge.   Cities are on the frontlines of current and future electrification, as they depend on and drive 
electricity generation, distribution, and use. City actors also occupy a central role in the actions to 
enable electrification to support energy transitions in efficient, equitable, environmentally sound, and 
resilient ways. Currently, however, research and development on the interactions between actors, cities 
and energy systems is predominantly conducted in disciplinary siloes.  
 
This paper uses a literature review to analyze the transformational potential of urban electrification. It 
focuses on efforts to electrify transportation and integrate EVs with buildings connected to a clean grid. 
We find that actions in these are driving change, they are adopted by wealthier populations and on an 
experimental basis by specific communities. Their larger-scale growth is constrained by institutional, 
behavioral, and infrastructural factors. We also find that existing siloed disciplinary approaches are often 
incompatible with advancing holistic research. To achieve that, divergent communities of scholars need 
to come together to integrate their research and create broader perspectives. These perspectives must 
take innovation, learning, and experimentation into account but also, through incorporation of the 
social sciences, understand the limits and potentials brought to bear by human behavior and decision 
making. Only then can urban electrification be understood as the empirically rich and socially complex 
topic that it is. And only with this understanding will innovations and smart policy actions be able to tap 
into the transformational potential of urban electrification.  
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“Of Actors, Cities and Energy Systems:  
Analyzing the Transformative Potential of Urban Electrification” 

1. Introduction 

Electrification has been touted as one of the key solutions to the global decarbonization challenge.1  
Cities are at the frontline of current and future electrification, as they concentrate populations, 
economic activities and infrastructures that depend on and drive electricity generation, distribution, and 
use. City actors occupy a central role in the electrification actions that enable and support energy 
transitions in efficient, equitable, environmentally sound and resilient ways.2,3 With 4.1 billion people 
living in urban areas, globally, cities generate about 80% of gross domestic product (GDP), consume 
about 75% of global primary energy, and are the source of over 70% of energy-related carbon dioxide 
(CO2) emission.4,5 Yet, even in cities, particularly those in developing countries, 97 million lack 
electricity.6 Cities are vulnerable to power disruptions, as numerous recent cases, such as heatwaves, 
wildfires, and hurricanes have demonstrated. Further electrification will alter those vulnerabilities in 
complex ways. Cities are also fundamental in advancing the United Nations’ Sustainable Development 
Goals (SDG), including those for affordable, reliable, and sustainable energy services (Goal #7); climate 

action (Goal #13); and inclusive urban resilience (Goal #11).7 However, urban electrification is 

understudied [ref]. 
 
Although the decarbonisation impacts of electrification are well documented at the national level, 
scholarship on the relevance of urban electrification to the sustainability of the current energy transition 
is lacking. Research is occurring in discrete fields (e.g., urban research vs. governance research and 
transportation or building research vs. grid modeling). Furthermore, it is dominated by analyses 65,90,162 
seeking to inform optimal technological and economic solutions to the decarbonization potential of 
electrifying end-uses, including infrastructure; 90,97,152–159 or grid and end-use 
interconnections.17,18,20,160,161 It is also dominated by examination of the the future of electricity demand 
and supply under different electrification scenarios.1,62,84 
 
This paper seeks to widen the field-of-view on urban electrification8–13  by reviewing existing knowledge 
on (a) the multiscale drivers and actions underway to achieve widespread electrification of transportation 
and integrate EVs with buildings connected to clean grids in cities; and (b) the social, political and 
institutional conditions defining barriers and options, path dependencies, and levers of change.14 Central 
to this review is to elucidate critical questions regarding (a) the navigation of complex urban systems 
processes; (b) the endpoints towards which urban electrification is directed; and (c) the drivers and 
implications of actions.  
 

2. Urban electrification 

 
Urban electrification refers, first, to the process of providing populations, particularly more than one 
billion people currently lacking it, with modern types of electricity. Second, urban electrification refers to 
the increased use of electricity as an alternative fuel for transportation and buildings, and the coupling of 
built environment designs with the development of electricity provision systems.15 For cities that have not 
previously been fully electrified, this process includes the possibility to “leapfrog”, skip altogether,  fossil 
fuel-based generation and directly adopt sustainably powered electricity sources.16   
 
This paper focuses on actions seeking to electrify transportation and integrate EVs with buildings 
connected to clean grids, as electric cars, motorbikes, buses and light-duty trucks need to be charged in 
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residential, commercial and governmental buildings. This has instigated, in recent years, analysis and 
strategies seeking to 
manage the time and 
speed of charging in 
buildings, of building 
design and/or 
retrofitting, and of EV-
charging interactions 
with adaptive, flexible, 
clean and redundant 
grids []. In many cities, 
EVs are being integrated 
with buildings, charging 
infrastructure and 
photovoltaic panels (PVs) 
in many promising ways. 
For instance, through EV 
to grid and renewable 
energy integration;10,17–19 
through the integrated 

management of buildings and distributed energy resources (DERs);17,20,21 and through land use 
approaches to planning of EV charging infrastructure.22–24  
 
Urban electrification is a multiscale process. It involves not only the distribution and use of electricity 
within a city boundary, but also its provision by grids and distribution networks that reach into rural 
areas (Figure 1).25 This means that although we will focus on key connections among transportation, 
buildings and the grid, when needed we will point to effects outside of the demarcations of city limits, 
such as power plants in rural areas.26 We will also point to how these uses are affected by actions and 
processes beyond city boundaries, such as regulations, or climate change. Urban electrification is, 
therefore, a multi-scale process requiring action across a range of actors across sectors and jurisdictions.  

Interestingly, the scales at which urban electricity systems operate often do not fit with the scales at 
which they are understood and managed, and this “lack of fit” may create undesirable outcomes.30 For 
instance, large-scale hydro-power, solar or winrd generation, while managed to provide electricity to an 
urbanizing region, often creates problems of fit with and externalities to outside regions and 
communities depending on these resources.31 

3.  State of knowledge  

 
In the next sections, we will examine existing knowledge on the drivers of urban electrification in these 
sectors at three levels, which lie both inside and outside the city:8,10,11,32,33  
 

• The incumbent system organizing urban uses of electricity, and structuring relationships amongst EV 
manufacturers, regulators, and grid operators whose priorities and understanding of appropriate 
ways to integrate EVs with buildings connected to a clean grid are intertwined with the expectations 
and practices of users (e.g., range anxiety, lifestyles, or cultural identity). These are the incumbents, 
the legacy industrial and regulatory schemes under which we currently operate (section 3.1).  

Figure 1: Urban Electrification 
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• A broader level of economic and social trends, climatic processes, and normative values and visions 
(e.g., of prosperity, or sustainability) that structurally shape actions. (section 3.2). 

• The niche level, where market, technology, and societal actions fostering electrification emerge, 
evolve, and compete for resources and for realignments34 different actions (to be described in 
section 3.3).  

 
3.1 Current urban electric systems  

Centralized power systems have dominated the unprecedented growth, in the 20th century, of mass 
production, delivery and consumption of electricity, stretched across city-regions through a nation-wide 
(and sometimes multi-national) grid, and aimed helping create the 24/7/365 requirements of urban 
residential, commercial and industrial consumers.35  
 
Global electricity consumption has risen by about 70% since 2000. The rate of growth in electricity 
supply and consumption, the largest single source of GHG emissions in most countries, is greater than 
that for energy overall (Figure 2). The steady increase in electricity demand means that the current 
electrification shift is turning electricity into the second largest energy source by end-use (the first is 
oil).36 Light and heavy industry is the number one source of electricity demand in developing economies, 
whereas in advanced economies, the buildings sector is the largest user. Transport’s share is the lowest 
but is projected, globally, to experience the fastest growth in electrification levels.36,37 This shifts explain 
the current focus on transport electrification through integration of EVs with buildings connected to a 
clean grid.  

 

Figure 2: Global electricity demand by region and generation by source, 2000–201736 

Estimations of urban consumption of electricity are severely limited by the lack of data.38,39 Still, 
scholarship agrees that electrification varies across countries and from urban to rural areas differently, 
affecting energy supply and social practices of energy use differently.6  For instance, while in the United 
States and Europe, access to electricity is nearly universal, urban to rural differences in access exist in 
lower-income countries, particularly in Sub-Saharan Africa.40 The statistical association in Figure 2 shows 
that electrification and urbanization are deeply related with each other and with wealth (GDP). At every 
level of electrification, however, there is high variability in GDP per capita, with higher income countries 
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tending to deliver much higher socio-economic impact from energy services across rural to urban 
gradients than others do.41  

Figure 3: Associations between logarithmic GDP per capita (USD, 2010 constant prices) 
and urban, rural, and total electrification rates.40  

The line is a semi-parametric estimate based on a general additive model. 

 

The central curve also highlights that lack of good quality electricity has negative impacts on the 
productivity and quality of life of extremely poor places inhabited by 1.1 billion people, particularly in 
urban slums, accounting for between 10% and 65% of the urban population in the global South.42 The 
challenge here is to know which settlements and populations are more suitable for innovative urban 
electrification, and what the potential for leapfrogging is. For instance, of skipping existing electricity 
systems, electrifying motorbikes, three-wheelers, buses, cars, buildings new or retrofitting esxisting 
buildings and connecting these users to electricity fueled by renewables, with shared assets or 
distributed ownership, and of doing this through integrated energy planning.16 

3.2 Broader drivers 
  

A series of broader trends is placing cities and the power sector at the vanguard of electrification actions 
that can lead to a far-reaching decarbonization of energy globally.36 While the electricity supply has 
been remarkably stable for decades, its decarbonization potential is being redefined by market and 
technological developments, such as the steep drop in the cost of renewables— for example, the cost to 
install solar power has dropped by 70% since 2010.1,43 Renewable power generation technologies that 
are currently in commercial use are falling within the fossil fuel-fired cost range, with most at the lower 
end or even undercutting fossil fuels.44 This drop has been accompanied by the expansion of flexible 
natural gas-fired generation as gas becomes more cheaply and readily available.36 Newly improved 
electric end-use technologies in transportation and buildings are also emerging that require electricity, 
such as EVs and heat pumps, which are interacting with the digitalization and growing connectivity of 
the global economy.   
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Utilities and investors see changes in electricity supply and demand as new sources of investment and 
business,45 as can be seen from the global trends in investment in electricity networks, which rose to 
more than $300 billion (40% of power sector investment), its highest level in nearly a decade.36 
 
Meanwhile, despite experiencing both a post-recession and a pandemic stabilization, atmospheric 
emissions have again increased.46 Since 2000, carbon dioxide (CO₂) emissions from the power sector 
have grown by an annual average of 2.3%. Coal-fired power plants remain the largest single source of 
energy-related CO2 emissions, accounting for the majority of the sector’s total emissions of sulfur 
dioxide, nitrogen oxides, and particulate matter.44 However, these trends might change, given 
remarkable changes in the power sector in terms of the rapid closing of coal plants, and given policy 
actions that the current coronavirus pandemic will unleash. For instance, more coal plants have shut 
down between 2017 and 2020 in the US - an estimated 46,600 MW - than between 2013 and 2016 - 
around 43,100 MW;47 a number of major utilities have announced plans to close numerous additional 
coal plants over the next decade. Environmental pollution and associated health outcomes have also 
been one key driver of transitions.48,49   
 
Changes in extreme events associated with climate change are affecting the seasonality of supply and 
demand and creating infrastructure vulnerabilities such as blackouts.50 Together with land use and 
habitat changes, and pandemics, they are contributing to undermining the resiliency of electricity.51 
These increasingly likely events create new challenges and opportunities for advancing the resiliency of 
power systems.52,53  
 
Broader visions and narratives about the future benefits (or risks) of electrification in general are 
affecting actions in the present as they define actors’ expectations about future technological and 
societal situations and capabilities.54–60 Visions are made up of images, statements, stories, and ideo-
graphs. They shape shared agendas and a sort of division of tasks among actors in their social roles, with 
some  playing the “promoter”, the “user”, or the “ally”, and others playing the “adversary” or the 
inventor of the “product to be”.54,61–63 When actors come together to form social or political coalitions, a 
range of positive to negative visions coexist, which are often contested and contradictory. Some are full 
of promise and hope for an auspicious electrified future, while others are permeated by anxiety about 
the risks that lie ahead. At the same time, because contestations and tensions exist around urban 
electrification, some actors hold dystopian visions, focus on broken promises, or just oppose the 
changes to come. 

3.3 Niche actions with the potential to shift urban electricity systems 

Actions are underway that can potentially shift many components of urban electricity systems away 
from carbon,27,64–69 and from existing centralized electricity systems to decentralized systems such as 
grid-interactive, electrified connected and resilient communities through deployment of DERs.35 These 
actions are driven by the already described trends, by actors’ visions, and by a wide array of goals and 
expectations. These include fostering transportation decarbonization and buildings connected clean 
grids, creating green jobs, reducing air pollution, and fulfilling international and national mandates and 
policies.70  

Transportation has become a crucial target of electrification actions, given the emissions reductions, 
cost-savings and increases in efficiency to be gleaned from switching from liquid petroleum to electric 
engines (e.g., EVs use about one-third of the energy).71,72 In 2017, the European Commission launched 
the Clean Mobility Package to provide guidance and to set new carbon emission standards and guidance 
for cleaner mobility. Countries such as the United States, Norway, the Netherlands, France, Germany, 
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and the United Kingdom, and cities such as Los Angeles, Denver, Minneapolis, and Seattle (U.S.), Athens 
(Greece), Madrid (Spain), Paris (France), and Stuttgart (Germany), have introduced instruments to 
incentivize the adoption of privately owned EVs such as tax rebates, access to priority lanes, free 
parking, or free electricity.73 For instance, in 2017, the U.S. Department of Transportation designated 
several highways as alternative fuel corridors, with the intent of establishing a comprehensive national 
network of refueling stations to promote the continued adoption of alternative fuel vehicles.74 This 
network will include nationally consistent signage and is intended to encourage multistate 
collaborations of public and private actors. 

California is one of about 11 U.S. states aggressively advocating for adoption of EVs with a goal of 5 
million zero emission vehicles (ZEVs) on the road by 2030 and 250,000 electric vehicle charging stations 
installed by 2025.75 Policies supporting this effort are motivated to help California meet its goal of 
cutting CO2 emissions to 40% below 1990 levels by 2030 and attaining the health-based air quality 
requirements established in the federal Clean Air Act. Los Angeles revealed its 2019 Sustainability Plan—
L.A.’s Green New Deal—which sets transportation electrification goals for 100% ZEVs by 2050, 100% 
electrification of city transit buses by 2030, and 80% reduction in port-related greenhouse gas emissions 
by 2050.76 In Arizona, the Salt River Project utility’s 2035 sustainability goals include the ability to 
provide electricity to 500,000 EVs.77 

Car manufacturers have pledged to move away from the production of internal combustion engine 
vehicles (ICEs) as well.78 However public pledges of electrification targets do not necessarily map to 
consumer preferences79 and the policy landscape that influences both technology availability and 
purchasing factors can vary widely among states and countries.80,81 

Actions are underway to enhance EV, building and renewable energy integration10,17–19 through 
management of connected buildings and DERs;17,20,21 and land use approaches to planning, design and or 
retrofit of existing buildings. The ultimate goal is to accommodate evolving electricity uses fueled by 
renewables10,17–19 in ways that (a) effectively handle variations in electricity demand loads; (b) enhance 
grid reliability, efficiency, and flexibility; and (c) coordinate bulk power systems with DERs (NERC, 2018), 
(FERC, 2018) (DOD, 2019) (USGCRP, 2018), (EIA, 2018).  

Thousands of urban actors are conducting inventories that help them quantify amounts of energy use 
and associated emissions.65,82 As a result of policy actions targeting the decarbonization of the electricity 
supply, about 40 cities worldwide (30 in Latin America and 6 U.S. cities - Aspen CO, Burlington VT, 
Georgetown TX, Greensburg KS, Rock Port MO, and Kodiak Island AK), EV charging can be commercially 
powered by renewables. The number of cities fueled by at least 70% renewable electricity grew more 
than two-fold between 2015 and early 2018 (from 42 to 101), including cities from high-income 
countries (e.g., Auckland, New Zealand, and Seattle WA, United States), and lower-income countries 
(e.g., Dar es Salaam, Tanzania, and Nairobi, Kenya).70  

City officials are promoting the use of renewables in their government-owned facilities, integrating them 
into their building codes, and fostering renewables in the electricity provided to the building, and 
transportation sectors.83 They have encouraged private sector involvement in this area as well. 27  

Communities, local officials, and utilities are introducing DERs such as distributed energy generation, 
micro-grids, and smart grids.35 These systems use a diversity of technologies to generate electricity at or 
near where it will be used. For example, the US Energy Information Administration (EIA) estimates that 
overall U.S. solar generation, including small-scale distributed PV, and utility-scale PV and thermal solar 
generation, was equivalent to about 1.0% of total reported electricity generation from all utility-scale 
sources in 2015, doubling that amount in 2019.84 While microgrids constitute an optimal approach to 
integrating spatially disperse distributed energy generation into the centralized grid, smart microgrids 
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“represent a large-scale transmission network upgrade through information and communication 
technologies”.35 

Also significant are actions seeking to solve the challenge of EV charging infrastructure. In particular, 
direct-current fast charging is receiving significant attention as the fastest plug-in electric vehicle (PEV) 
charging system currently available. Tesla has established a global network of 5,894 fast-charging 
stations, supporting 13,344 individual fast chargers rated at up to 250 kW as of July 2019.85 Electrify 
America—a project funded in 2016 by Volkswagen Group of America as required by a settlement for 
emissions cheating—has committed to investing $2 billion over 10 years in ZEV infrastructure and 
education programs, including $800 million in California alone.86,87 Electrify America currently has over 
230 fast charge locations operating in the United States as of July 2019, with plans for over 480 by the 
end of 2019. It is also worth noting, however, that a large fraction of the population in countries like the 
U.S. dwells in houses with garages that already have 110V outlets and for which addition of 220V outlets 
is a minor upgrade that costs less than 1% of the cost of the least expensive new electric vehicle. 
Overnight charging can easily cover the daily requirements of the vast majority of automobile trips. This 
makes it likely that faster charging is not necessarily a prerequisite for higher rates of EV adoption and 
thus is not the key variable preventing higher adoption, at least among the population dwelling in 
homes with garages. 

Youth climate activists, community actors, and transnational networks are engaging in a variety of 
actions that are shaping electrification in direct and indirect ways.88,89 Some are working on urban 
planning, green transport, and sustainable EV-grid integration projects within existing or newly created 
institutional spaces.90 Others are active in disruptive actions of energy and climate activism and 
litigation, such as those promoted by Extinction Rebellion, and the divestment movement, a 
transnational form of targeted governance involving a range of strategies to pressure investors to 
renounce their holdings of fossil fuel stocks in favor of climate-friendly energy substitutes.91 These 
actions openly challenge existing power relationships around current energy regimes, as well as the 
actors and political authorities who maintain them.90,92 Yet, other actors engage in dangerous dissent, in 
new and alternative systems and ways of doing things. Some of these actions are inspired by visions 
deeply questioning existing energy systems such as anti-consumerist philosophies of degrowth 
movements,90 while others are inspired by nationalistic visions or just by fear and resentment.92  

 

4. Transformational potential: options, benefits, and barriers 

By and large, actions to electrify transportation and integrate EVs with grid-connected buildings fueled 
by renewables are creating change and have the potential to drive significantly more. However, these 
are niche-level actions for two reasons. First, their promoters are competing with the actors and 
elements of current urban electric systems. To realize the transformational potential of these actions, 
dramatic changes are needed in society, technology, governance, markets, and users’ practices.10 This 
can be seen in the still low levels of penetration of EVs, in cities and of communities of buildings 
connected to grids fueled by renewables. In 2017 only twenty-five cities were home to almost 1.4 
million of the world’s 3.1 million EVs. Eleven are located in China (Beijing, Changsha, Chongqing, 
Guangzhou, Hangzhou, Qingdao, Shanghai, Shenzhen, Tianjin, Wuhan, and Zhengzhou); six in the United 
States (Los Angeles, New York, San Diego, San Francisco, San Jose, and Seattle); six in Europe (London, 
England; Paris, France; Amsterdam, Netherlands; Bergen and Oslo, Norway; and Stockholm, Sweden); 
and two in Japan (Tokyo and Kyoto).93  

Second, while these actions can be adopted at the individual level among generally wealthier 
populations and on an experimental basis by specific communities, their larger-scale growth requires 
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changes in urban infrastructural and institutional organization, which are path dependent. As such they 
impose a logic and direction for incremental sociotechnical change along established pathways of 
design, deployment, and use.94 For instance, the low-density urban form of many North American cities, 
which constrains options for the current electrification of transport in cities, has been largely the result 
of freeway construction programs and land use regulations.26,95,96 Infrastructural and behavioural path 
dependencies resulting from these actions have created low-density patterns of settlement and a 
dependence on private vehicles, associated with more electricity use.97–99  

Furthermore, historically cities have been the main organizational level for centralized regimes operated 
by electricity grids and utilities.10,100 These regimes remain important today even as the governance of 
electricity systems has diversified with regional utility consolidation and market development,97 and 
with the emergence of a suite of social and commercial organizational models, from those owned by 
consumers, communities, and cooperatives to those leased to energy companies.35  Therefore, existing 
patterns of infrastructure and governance have profound influences on the design and scaling of  
electrification and integration of EVs with buildings connected to clean grids, and can produce 
inequitable outcomes. There are numerous examples of green electrification policies that are 
inaccessible to the most disadvantaged communities. In the U.S., for example, federal tax credits for 
EVs, home battery systems, and PVs are not “inclusive” policies because they are largely unavailable to 
low-income households due to affordability barriers and limited tax liability.101  
 
Not only are options to foster urban electrification associated with benefits and barriers, but actions are 
also likely to create new forms of risks and vulnerabilities (e.g., privacy risks associated with the rise of 
smart energy systems) that are not only technological or economic but also social, institutional, 
economic and environmental. Here, we summarize what is known about social, economic, technological 
environmental and governance (SETEG) options, benefits, and barriers, which often don’t exist in clearly 
defined classes (Table 1).10,102  For instance, economic benefits may synergize with health and 
environmental benefits, but may require tradeoffs with social equity. 

 

Table 1: Overview of benefits, options, and barriers to urban electrification 
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Dimension Inclusive of Example(s) 

Social and 
behavioral 

Consumer and user 
perceptions, knowledge, 
attitudes, and behavior  

Consumer perceptions, including benefits, distrust, 
inconvenience, confusion, EV range anxiety  
Equity, including affordability and accessibility 

Economic and 
financial 

Productivity, price signals, 
markets, trade, finance 
mechanisms, revenues, and 
business models   

Changes in productivity, capital cost of vehicle-grid 
integration and charging station infrastructure, 
costs of competing technologies, and market 
design for electricity 

Technical and 
infrastructural 

Technology, infrastructure, 
urban form (or morphology), 
and hardware  

Urban demand densities, space for, quality, 
reliability, and flexibility of PV and wind systems 
Building design and retrofitting 
Grid interconnection, communication, battery 
degradation, and vehicle performance  
Integration with existing distribution systems  
Role of disruptive technologies (e.g., automation), 
Poor design for user needs 

Environmental Holistic costs and benefits, 
climate variability and 
change, epidemics  

Mitigated greenhouse gas emissions, and air 
pollution,  
Integration with renewable sources of energy, 
Life-cycle impacts and externalities  

Governance or 
institutional 

Regulatory and economic    Regulations, incentives, rebates, investments, 
taxations 

Source: Adapted from Sovacool et al., 2017 103 using the SETEG framework. 
 
Efforts to electrify transportation and integrate EVs with buildings connected to clean grids are often 
associated with economic, societal, and environmental benefits such as improvements in people’s 
quality of life and health, protection of ecosystems, and safeguarding of ecosystem services for future 
generations.64  Climate and atmospheric benefits can accrue via the electrification of transport and 
buildings, with additional benefits for fuel costs and human health.104,105 However, these benefits are 
variable depending on factors such as the generation mix of the electricity grid. 20 Moreover, because 
electrification has been historically designed and built (especially in developed countries) with fewer 
electrified end-uses in mind, users’ needs for affordable and accessible devices are often neglected.106 
New electrification trends, which are opening up co-optimization opportunities, might also disrupt 
electricity systems and could cause integration issues, especially at the distribution level, that should be 
planned for and addressed.100,101,102  

The equity impacts of electrification are also variable, depending on the policies used to promote the 
transition. The nature and location of energy financing and infrastructure investments can cause low-
income households to benefit or lose. For example, few low-income households participate in EV, 
charging, storage and solar programs, but these programs are financed by raising the electric rates of all 
customers.107–110 While such inequitable impacts of electricity tariffs can be offset by modest low-
income energy assistance programs (e.g., the federal LIHEAP program in the United States) or subsidized 
EV access, such as the BlueLA EV carshare in low-income Los Angeles communities,  such support is 
widely variable depending on city, state, municipality, country, and utility provider.107–110 Another 
challenge is the general formulation of energy innovation policies through markets and incentivization, 
both of which create obstacles against adoption of new technologies by low-income populations. Poor 
individuals and families often lack up-front resources to take advantage of long-term savings from more 
efficient or alternative energy technologies, are less likely to own their residences, and have lower credit 
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scores. Therefore, new policy approaches are required to transform electrification innovation into a 
strategy for poverty alleviation.112 

User perceptions and culture—as manifested in lack of familiarity with emerging technologies 
(e.g., EVs and PVs), cultural and status expectations of comfort, anxiety and distrust, or just lack 
of knowledge—can become crucial sources of social barriers.113–115 For instance, sociological 
studies on the use of air conditioning have shown that rather than only temperature or human 
physiology, gender, status, and sociocultural conventions shape comfort.113 Even as the cost of 
EVs becomes a less relevant concern, customers still experience worry about depleting their 
battery’s charge before reaching their destination, or waiting for their EVs to charge. In residential 
buildings, natural gas cook tops and fireplaces may be challenging to electrify due to consumer 
cultural preferences.116 Understanding societal barriers is challenging as they vary across location, 
gender, education, income, and cultural and political preferences.  

As for the economic dimension, while the cost of new technologies often decreases over time, and 
varies depending on location, the accessibility to, particularly in developing-country cities, and 
affordability of items such as electricity services, EVs, and PVs, or the availability of funding to foster 
their use can become barriers.115 For example, in a study of EV and vehicle-to-grid (V2G) technologies in 
Nordic countries, known for their leadership in this field globally, Noel et al.10 found that economic 
barriers result not only from lack of production in EV and V2G technologies, but also from still higher 
marginal costs as compared with those of ICEs, even if operating costs are lower. This is indicative of the 
economic and social complexities consumers face when making choices related to new, and at times 
“unproven” technologies.   

Substantial technical challenges related to the provision of electricity through renewables include the 
need to grow low-carbon energy storage capabilities, to develop new demand management capabilities, 
and to create distribution infrastructure able to deal with variations in power demand loads associated 
with changes in EVs, buildings and behavior. Each of these developments can help mitigate mismatches 
in the spatial and temporal patterns of supply and demand of zero-carbon energy generation. These 
mismatches, which have beset the electrical industry since its very beginning, have historically been 
addressed using stored energy in the form of hydrocarbon fuels, regional transmission infrastructures, 
pumped hydro, and extensive demand management approaches, from investment in industries in all 
these fields to demand charges and the right to turn off large customers during peak demand periods. 
Future strategies are likely to depend on multiple technologies, including distributed energy generation 
and storage, flexible low-carbon fuels (such as hydrogen or utilization of captured carbon), renewables,  
grid-scale storage, Internet of Things-enabled advanced demand management, and new transmission 
corridors.117 

The urban form or morphology of cities can pose barriers such as inadequate charging infrastructure and 
PV installation, historical zoning codes that prohibit PV, or inappropriate charging space.22,118 Charging, 
storage and PVs face extremely high competition for urban space, which constrain their potential to 
become a primary feature of building surfaces. For instance, the building stock of a city determines how 
much electricity can be generated from PV panels, which benefits from being angled in a direction that 
maximizes sun exposure; the building stock also constrains the amount of space available for EV 
charging in buildings, parking areas and other spaces. Furthermore, the current organization of the 
electrical industry could be disrupted if charging infrastructure and PVs significantly impact ownership, 
demand, or management of energy distribution and if technological improvements continue to 
contribute to improvements in panel efficiency and integration with buildings and EVs.119 
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Governance arrangements also pose barriers to urban electrification.120 In countries worldwide such as 
Spain, Austria, the United States, South Korea, the United Kingdom, Mexico, and the Netherlands, policy 
supports for EVs, charging, and electrified building devices, such as regulations, incentives, investments, 
and taxations can be removed, weakened, or just inadequate.27 At the same time, local and state 
governments are acting independently in pursuit of mitigation actions, often in spite of the lack of 
comprehensive or ambitious policy at the national level.121–123 Despite their ambitions, these actors are 
constrained in their capacity to influence national policy 124 and face barriers related to influence, 
resources, and political culture.125 Often barriers arise out of the lack of vertical integration in decision 
making, including the multiplicity of shifting or competing priorities with which city officials dealing with 
transportation and buildings grapple.27 In larger urban areas, such as New York City, Mexico City, and 
Dakar, which may have governments comprised of two or more local and even state authorities, each 
authority can act only within its jurisdictional remit (e.g., transport, building design).  In this diffusion of 
power, the overall impact of one authority may be limited unless there is horizontal collaboration 
among sectors and local authorities, or an overarching strategic metropolitan authority exists to ensure 
regional action.27 The lack of fit between sectoral and jurisdictional levels at which transportation, 
buildings and the grid function and the scales at which they are understood and managed is another, 
underexplored, source of governance barriers.26 

City officials, particularly in lower-income countries, often face financial, human resource, and 
institutional barriers. For instance, a study in Mexico City found that initial costs of adopting electric 
buses, minibuses and cars are too high both for providers and users of transportation services. To avoid 
unplanned growth of electromobility, they suggested to first reorder uses of urban space by different 
transport modes. Considering the diversity of mobility segments (from micro-mobility to public 
transport freight), they also suggested to identify priorities, and generate route maps that fit each of 
these segments and help guide policy design and implementation mechanisms [ref]. In many cities of 
low-income countries, actions often depend on foreign financial aid. It has been found that international 
sponsors frequently lack the financial, human, and institutional capabilities to identify and adapt 
expensive technologies to local needs, for instance for affordable and easy-to-maintain technological 
options.115  

5.  Advancing research on urban electrification 

This section takes stock of the review of existing knowledge and looks towards the creation of a more 
integrated research agenda. It reflects on how accelerated rates of societal, political, environmental, and 
technological change are opening options to help realize the transformational potential of a crucial 
elements of urban electrification: integrating electrified vehicles with buildings connected to clean grids.  

  
Notwithstanding the myriad actions underway, we do not know which combinations of actions 
can most efficiently achieve crucial societal outcomes advancing the SDGs, such as enhanced 
decarbonization, equity, human health and resilience. We also do not know where, for whom, 
and when, and why they are most effective.102 Nor do we know how diverse pathways of urban 
electrification measure against, or can be leveraged to advance these outcome criteria. Robust 
tools and methods are also needed to analyze costs, risks, co-benefits, and trade-offs.  
 
Methodologies are needed that explicitly include actions, together with infrastructures, technologies, 
markets, climate, governance. This is fundamental to analyzing and simulating how the coming together 
of SETEG factors shape barriers and enablers and generates pressures for and against energy transitions.  
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To overcome an existing focus on one element at a time, integrated and innovative capabilities are 
needed that incorporate emergent system interactions not only among EVs, buildings and clean grids, or 
across scales but also among SETEG factors that might not be handled by purely techno-eco nomic 
models. Identified elements requiring research include: 

a) Links between sectoral elements of urban electricity systems – for example among 
transportation, buildings and the grid.  

b) Links between local and transboundary elements of urban electricity systems – for example 
between local and extra local processes that can only be captured with life-cycle analyses.126  

c) Mechanisms by which interdependent infrastructure and actions affect electricity supply and 
use, and their resilience to extremes, pandemics, cyberattacks, and other disruptions.  

d) Business models required to co-optimize multiple systems and send proper signals (e.g., 
electricity pricing) to multiple actors.  

 
While the common themes of importance like flexibility, reliability, and affordability of EVs, charging and 
building construction or retrofit are shared across urban geographies, what options to achieve electrified 
mobility, or buildings connected to clean grids look like on the ground vary with scale, and often remain 
context specific. For example, differences between public and private service providers and sizes of 
vehicles are shaped by a combination of built environment and social forces (like ability to afford or 
cultural readiness to accept these innovations). Electrification in poor, vulnerable, or slum urban areas 
remains a challenge, as they lack electricity services. Thus, they require particular care in the design and 
application of tools that help to “leapfrog”, skip altogether,  electrification of buildings and transport 
fueled with coal or combustibles and directly adopt sustainably powered electricity sources.118,127,128 
Therefore, the following studies are needed to complement modeling efforts: 

a) Comparative studies, for instance, of options and barriers to integrating EVs, charging and 
building construction or retrofit in growing urban areas vs declining urban areas; dense urban 
cores vs. sprawling suburban and exurban landscapes; coastal vs. inland cities; and mega-cities 
vs. small and medium-sized cities.  

b) Typologies to examine variations within and across cities in SETEG factors shaping options and 
barriers.129  

c) Case study approaches that inform and are informed by a) to c) by digging deep into 
understanding of the causal mechanisms on the ground. 

 
There is a need to develop coordinated research, testing, demonstration and deployment on advanced 
transport electrification integrated with building and grid systems. State of the art analytics, tools and 
data are needed to: 

a) Create power distribution systems that handle variations in power demand loads associated 
with changes in EVs use and charging behavior in commercial, public and residential buildings. 

b) Understand the sociodemographic, economic and cultural factors determining differences in 
behavioral practices that can inform power system, electro-mobility planning and building 
configuration 

c) Optimization of investments in charging infrastructure integrated with distributed energy 
systems in buildings and communities 

d) Use of state-of-the-art adaptive controls (charging + power) that respond to variable 
interconnected resources 

 
A sound understanding is needed of how values, visions, and expectations —for example, of smart 
cities—broadly shape actors’ motivations, preferences for, and actions in steering urban electrification. 
Action items for research in this topic include:  
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a) Localized scenarios for the emerging urban electrification that incorporate actors’ visions and 
help them identify local actions to enhance goals such as equitable, advanced transport 
electrification integrated with building and decarbonized grid systems. 

b) Social impact assessments to improve understanding of how the shifting energy landscape of 
SETEG factors relate with cost, access, and affordability. 

c) City resilience planning and financing, particularly under scenarios of pervasive electrification, 
where the nature of redundancies and energy storage will be substantially different. 

5 Conclusions 

Rapid economic and technological change is creating transformational opportunities for advanced 
transport electrification integrated with building and decarbonized grid systems, a promising 
component of urban electrification. Yet there remains an open question as to whether this integration 
can be developed in ways that support sustainable, resilient, and equitable energy transitions. The 
suggested approach to analyze SETEG factors shaping options and barriers, offers an important 
instrument to help identify tradeoffs and harness synergies and opportunities for the public benefit. For 
instance, by developing tools, models and data to accurately account for the impact of EV charging on 
building energy use, on-site renewable energy generation and storage, better options can be identified 
to develop power distribution systems that effectively handle spatial and temporal variations in power 
demand loads. In moving forward, we must also explore and acknowledge current and future systemic 
risks, while embracing the positive elements of change such as more choices, greater affordability, and 
accessibility.  
 
In this effort, divergent communities of scholars (working on transportation, buildings, behavior and 
urban planning) need to come together and adapt their scoped analytical and policy frameworks of 
urban electrification to incorporate other views of the process, and, through integration, create a 
broader perspective. This perspective must take into account learning and experimentation but also 
understand the limits or gains imposed by coalitions of interests that can block or support emerging 
niche-innovations. To leave the empirically rich and socially complex topic of urban electrification to 
modelers and rational actor theories alone is to create a picture with dots and lines to represent people 
and places and things. However, since people rarely behave like dots and lines, such pictures, no matter 
how ingenious, can never carry us quite to where we want to arrive.  
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