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 URBAN ENERGY AND THE CLIMATE EMERGENCY:
ACHIEVING DECARBONISATION VIA  DECENTRALISATION 
AND DIGITALISATION

Molly Webb, Andrew Scott, Ipek Gençsü and Derik Broekhoff

Summary
Cities provide national governments with an opportunity 
to accelerate the low-carbon energy transition. Urban areas 
account for more than two thirds of the world’s final energy 
consumption. A rapid expansion of electricity supply is needed 
to meet the aspirations of current and future urban residents, 
particularly with electrification of cooking, heating and 
transport. Urban residents, firms and governments are often 
the first to experiment with new technologies, transforming the 
production, distribution and consumption of energy.  

This paper explores how two megatrends – decentralisation 
and digitisation – are already restructuring energy markets, 
and could be harnessed to support decarbonisation (together 
known as the three Ds). Cities are at the forefront of this effort. 
Through ten case studies – Adelaide, Austin, Cape Town, 
Dar es Salaam, Hamburg, Kampala, Kitakyushu, London, 
New Delhi and Shenzhen – this paper considers the diversity 
of potential energy transition pathways that are available 
in cities. It then highlights key considerations for national 
governments looking to craft cost-effective, low-carbon energy 
policies, including the importance of building in flexibility, 
the scale of the potential value shift, the opportunity for new 
business and regulatory models to emerge, and the importance 
of collaboration across sectors and levels of government.
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Abbreviations and acronyms

CO
2

carbon dioxide

EIA Energy Information Administration

GDP Gross Domestic Product

GW gigawatt (one million kilowatts)

GWh gigawatt hour (one million kilowatts consumed or supplied in one hour)

ICT information and communication technology

IEA International Energy Agency

IPCC Intergovernmental Panel on Climate Change

kW kilowatt (one thousand watts)

kWh kilowatt hour (one kilowatt of electricity consumed or supplied in one hour)

MW megawatt (one thousand kilowatts)

MWh megawatt hour (one thousand kilowatts consumed or supplied in one hour)

OECD Organisation for Economic Cooperation and Development

PV photovoltaic

TWh terawatt hour (one thousand million kilowatts consumed or supplied in one hour)

UKPN United Kingdom Power Networks

VRE variable renewable energy

https://urbantransitions.global/
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Glossary of key terms

Capacity The maximum output of electric power that a 
generating unit or plant can supply.

Demand-side response The rapid adjustment of electricity demand to help 
match electricity supply. Incentives are often used 
to encourage customers to reduce their demand at 
certain times. Demand may be reduced by the system 
operators or customers.

Distributed renewable energy A renewable energy generation or storage unit 
located near to the load that it is intended to serve.

Load The amount of electric power required by devices 
connected to the electricity system.

Microgrid A combination of localised electricity generation 
sources, energy storage devices and multiple loads 
that acts as a small electric grid. A microgrid can be 
isolated or connected to the main grid.

Peak load The maximum load during a specified period.

Variability The fluctuating nature of solar and wind resources, 
which translates to possibly rapid changes in 
electricity generation.

Variable renewable energy A renewable energy source that is characterised by 
variability and uncertainty, such as wind power and 
solar power. Less common VRE includes run-of-river 
hydropower and wave power. 
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Introduction

Across the world, droughts, floods, wildfires, heatwaves and hurricanes are 
intensifying, causing loss of life and economic damage. The science behind 
these signs of a global climate crisis is set out in the Intergovernmental Panel on 
Climate Change’s (IPCC) special report, which concluded that global greenhouse 
gas emissions in 2030 would need to be half the level of 2010, and reach net-zero 
by 2050 if the world is to prevent catastrophic climate change.1 The urgency of 
climate action could not be clearer. Although global emissions growth flattened 
in 2019, greenhouse gas emissions are continuing to increase, particularly in 

fast-growing economies such as those in Asia.2 Limiting global 
heating to 1.5°C will require “rapid and far-reaching” transitions 
in land, energy, industry, building, transport and cities.3 It will 
require action by governments, local authorities, businesses 
and citizens, both collectively and individually.

This paper focuses on the decarbonisation of electricity systems 
in cities, where most of the world’s energy is consumed. 
Urban settlements are currently home to 54% of the world’s 
population4 and are responsible for more than 80% of global 
gross domestic product (GDP).5 Urban areas account for more 
than two thirds of the world’s final energy consumption6 and 

the 100 largest cities account for 18% of global greenhouse gas emissions.7 The 
share of the world’s population in urban settlements is expected to grow to 68% 
by 2050,8 with the biggest growth in urban populations projected in Asia and 
Africa, where much of the urban infrastructure that will exist in 2050 has yet to 
be built. 

A rapid expansion of electricity supply is needed to meet the aspirations of 
these growing urban populations. It is also needed for the electrification of 
services previously provided by fossil fuels, such as heating and mobility. At the 
same time, to keep global heating from rising more than 1.5°C, existing thermal 
generation using fossil fuels needs to be phased out. This will require a massive 
investment into renewable electricity generation infrastructure in and around 
cities in order to meet their growing demand for electricity in a sustainable 
way. However, investment alone is not enough to address the challenges of 
transition – electricity systems and their evolving governance are also firmly 
in the spotlight.

THE THREE DS: DECARBONISATION, DECENTRALISATION 
AND DIGITALISATION

The transition to renewable electricity is taking place in the context of several 
trends that are driving the restructuring of electricity markets, known as the 
three Ds9 (see Figure 1). 

1.

A rapid expansion 
of electricity supply 

is needed to meet 
the aspirations 

of growing urban 
populations.
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• Decarbonisation will take place partly through a transition away from 
centralised fossil fuel power generation towards renewable energy power 
generation, sometimes referred to as variable renewable energy (VRE). 

• Decentralisation is occurring as the cost of renewable energy technologies 
– such as solar photovoltaics (PV), wind, and new technologies for storing 
electricity, such as batteries – falls. 

• In turn, the management and operation of these new distributed assets will be 
facilitated by digitalisation, which allows for the better use of data along with 
more advanced communication technologies. 

A CHANGE IN URBAN POWER DYNAMICS

The relationship between city government and national government will be critical to 
transitioning to net-zero emissions. Cities often do not include national governments 
in their target-setting discussions, even though their plans are reliant on there being 
a national supply of reliable, adequate and affordable clean electricity. In the same 
vein, only two in five national governments have a coherent urban strategy (with 
only a fraction of those referencing climate change mitigation in a meaningful way). 
Moreover, while city governments have become prominent actors in the climate 
space, they are generally neglected in global conversations about energy transitions. 
However, this is set to change. 

Cities are crucial sites for the transition to renewable electricity. One estimate suggests 
that half of all urban emissions abatement potential between 2020 and 2050 depends on 
the decarbonisation of cities’ grids, and REN21 reports that already cities are demonstrating 
ambition to move fast on decarbonisation – on average, 41% of cities’ reported electricity 
consumption is from renewable sources, compared to the global average of 26%.  

The higher population density and increased average income in cities means it 
is more feasible to implement renewable energy assets and strategies, such as 
district heating networks and community-scale solar. Greater physical proximity 
between people and buildings also improves the economics of renewable energy. 
For example, there are opportunities to reduce transmission and distribution losses 
by locating electricity generation near to the points of consumption. Decentralised 
technologies, such as battery storage, can also help avoid the high costs associated 
with conventional electricity distribution in cities, where building and maintaining 
a distribution network is especially costly as cables lie under valuable land and 
intersect with important infrastructure, such as subways. 

Cities are also important sites for the energy transition because of their high levels 
of energy consumption, with future mobility, heating and cooling needs expected 
to increasingly be met through electricity. The potential concentration of electric 
vehicles and electric cooking means that cities might well play an important role in 
balancing the grid, especially with sufficient uptake of digital technologies. This will 
become ever more important as decentralisation accelerates.
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Figure 1: Understanding the three Ds in electricity systems

Source: van der Berg, L. and Whitley, S. (2016). Rethinking power markets: capacity mechanisms and decarbonisation. 
Overseas Development Institute, London.
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Although cities are often the main consumers of electricity supplied by national 
utilities, city governments are unlikely to have a say in energy strategy, investment 
or operations at a national level. The influence of city governments is determined by 
multiple factors including population size, the share of energy consumption, market 
structures and energy regulation. Figure 2, for example, shows the absence of the 
demand-side, or cities’ role in energy transitions as they are currently characterised.

Despite the current structures, there are various reasons why city governments might 
in fact be better placed to ease the energy transition than national governments. For 
example, cities often have distinct political identities and local governments often have 
more engagement with citizens than their national counterparts.14 This could create 
more opportunities as well as the motivation for the kind of profound, rapid changes in 
processes and practices necessary to reach zero-carbon urban electricity, which could 
be driven by citizens, firms and governments working together within cities.15

Many city governments are seeking a leadership role in climate change, including 
through commitments to decarbonise urban electricity. Over 250 cities, for example, 
have set targets to achieve 100% renewable energy in electricity, heat or transport (or 
a combination).16 City governments are pursuing different strategies to realise this 
goal. Some have the ability to directly purchase or invest in renewable energy (though 
many cannot), others can provide and facilitate finance, and most can engage in 
advocacy and knowledge-sharing.17 Many municipal authorities are directly involved 
in the experimentation and piloting of new electricity service models,18 be it through 
municipal utilities (as in Germany) or bulk-buying electricity for redistribution within 
cities (as in South Africa). City governments can also work together to use their joint 
buying power to influence a state or national utility.19 

Figure 2: Characteristics and key transition challenges in different phases of renewable integration

Source: International Energy Agency, 2018. World Energy Outlook 2018. International Energy Agency, Paris.13
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Urban planning decisions can also accelerate the urban electricity transition. For 
example, the introduction of low-emission or clean-air zones can accelerate the 
electrification of transport as well as promote a modal shift to public transit, cycling 
and walking. However, it should be noted that these types of ambitious schemes might 
only be within the reach of larger, wealthier cities. Smaller urban areas should not 
be neglected by national governments20 as they are where a large share of the urban 
population – and thus the opportunity to reduce environmental footprints – resides. 

THE DIVERGENT CONDITIONS FOR TRANSITION BASED ON THE 
THREE DS 

There is no single recipe or blueprint for urban electricity transition. Transition 
entails changes in multiple elements of the energy system, including the physical 
infrastructure (technology, production equipment and distribution chains), the 
behaviour of actors in the electricity sector (investors, system operators, consumers), 
and the set of regulations, policies and institutions that govern the system.21 The form 
and speed of transition in urban electricity systems will depend on local and national 
circumstances. There is great diversity among cities in terms of size, geography, 
economic and energy resources, and electricity system structure and performance. 

In addition, the differences between cities in terms of the speed of decentralising 
generation and proliferating digitalisation will mean that the cost of decarbonising 
electricity systems will vary greatly. Thus the transition in a megacity such as London, 
United Kingdom (UK), where the reliable electricity system is a competitive market 
and experimentation with decentralised and digital technologies is advanced, is likely 
to take a different path to the transition in Accra, Ghana, where 45% of its 1.6 million 
inhabitants live in low-income housing with limited access to essential services and 
are subject to regular power outages.

As the science tells us we need to reach net-zero emission energy systems by the 
middle of the century, two urgent questions must be answered: 

1. How can national governments harness the density and dynamism of cities to 
accelerate the urban electricity transition?

2. What are the emerging opportunities offered by decentralisation and digitalisation? 

This paper seeks to answer these questions for national decision-makers. First, 
it examines the three D megatrends of decarbonisation, decentralisation and 
digitalisation (Section 2). It then presents a framework to help national and urban 
decision-makers understand the interactions and interdependencies of the three Ds 
in an urban context and how they influence the development of electricity systems 
(Section 3). This framework is then applied to 10 city case studies from around the 
world (Section 4). Finally, the paper offers key considerations and principles for 
national policy-makers seeking to drive an electricity transition that provides 
low-cost, low-carbon energy for all (Section 5) before concluding remarks (Section 6).

https://urbantransitions.global/


URBAN ENERGY AND THE CLIMATE EMERGENCY | 10

Megatrends in the energy sector

As set out in the introduction, a global electricity sector transition is under 
way based on the three D megatrends of decarbonisation, decentralisation and 
digitalisation. Further change is expected with the acceleration of the penetration of 
renewable power and its corresponding electrification. Complete decarbonisation of 
the power sector, followed by the electrification of industrial processes and sectors 
such as heat and transport, will put electricity at the core of a fully net-zero society. 
More open to debate is the pace of the transition, which is dependent on policy 
decisions and institutions, along with the costs of the different options (and who 
will ultimately bear those costs). 

Achieving the energy transition via the three Ds presents many challenges to our 
current approaches to electricity infrastructure, policy and practices. For instance, 
renewable electricity generation does not have the same economies of scale challenges 
as fossil fuel power generation. Smaller generation units are economically viable, 
particularly when the costs of transmission (including transmission losses) are 
included;22 they are faster to install and commission than large-scale plants;23 and 
they can be sited close to electricity consumers, which reduces the cost of electricity 
transmission and distribution. These are just some of the reasons why small generation 
units, including very small rooftop solar PV units, are increasing in number. 

Similarly, consumers in some countries can now buy electric vehicles or smart home 
systems. This changes their demand from the grid and also allows them to flexibly 
absorb variability in electricity supply. The promise of digitalisation is that it enables 
small decentralised generation units to be integrated into the grid, and energy 
supply will no longer be exclusively provided by utility companies. Moreover, it 
creates opportunities to manage systems with variable renewable power generation 
at numerous sites by instantly matching electricity supply to demand.

DECARBONISATION

Climate change is one of the defining global challenges of our time. Almost every 
nation has committed to reducing greenhouse gas emissions to achieve the global 
heating goal of 2°C and, if possible, limit global heating to 1.5°C. 

The power sector is a major focus for achieving these emission reductions and it will 
need to be a net-zero emitter by 2050. This will require the phasing out of electricity 
generation from fossil fuels in tandem with investment in renewable generation 
capacity. While solar and wind combined currently make up around 8% of global 
electricity production – within an overall share of renewables of 26% – renewables 
accounted for 64% of new net electricity capacity in 2018, with more than nine 
countries generating more than 20% of their electricity via wind and solar.24

2.
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At the same time, demand for electricity will continue to grow globally,25 due largely 
to population and income growth in many emerging economies, combined with the 
inclusion in electricity services of the 840 million people currently without access. 
Decarbonisation means electricity should provide a much larger share of final energy 
consumption, which would be achieved through the electrification of energy services 
such as heating and mobility. The share of electricity in final energy consumption 
is set to grow from 19% in 2017 to 20.3% in 2025 and 23.7% in 2040, according to the 
International Energy Agency (IEA).26

Currently, energy production and use is already the source of three-quarters of the 
world’s total greenhouse gas emissions.27 While progress on decarbonisation is 
gathering momentum, it must accelerate massively in order to meet targets. This 
presents us with daunting challenges, not least that supply will need to almost double 
between 2020 and 205028 (by which time most of the world’s electricity should be 
produced from renewables)29 and some US$2.4 trillion will need to be invested in 
renewables every year until 2035 to achieve this.30

DECENTRALISATION

In the context of the energy sector, decentralisation usually refers to distributed 
electricity assets and management as a contrast to centralised generation in large-
scale power plants. However, the term goes beyond power generation and includes the 
decentralised management of distribution services, as well as the ability to be flexible 
in the balancing of a variable supply and demand. While there are many distributed 
technologies – including micro-hydro, wind, biogas digestors, or technologies 
installed in buildings such as heat pumps – the most common form of decentralised 
renewable electricity currently comes from solar PV panels and more recently, local 
battery storage. All these new technologies may be used to generate power for a site’s 
use (solar home systems in many countries are not grid connected) or be fed back to a 
mini, micro, local or national grid, requiring bidirectional flows of power at scale. 

In recent years, the cost of these technologies has rapidly declined: the price of solar 
and batteries has decreased by 85% and wind by 49% since 2010.31 These trends, 
which are expected to continue,32 have made the cost of decentralised generation 
using renewables competitive with that of large power plants. About 5% of urban 
electricity demand in 2050 could be met cost-effectively by rooftop solar PV, which 
has the technical potential to supply 32% of urban electricity.33 When larger-scale PV 
systems (that can power hundreds or thousands of homes and offices) and small wind 
power plants are taken into consideration, distributed renewable energy generation is 
likely to contribute a significant share of urban electricity in the future.

These changes are likely to provoke enormous disruption to the existing power 
balance in the energy sector as customers become “prosumers” (producer-consumers), 
managing their own small-scale distributed renewables, which are often connected 
behind-the-meter at a customer’s home or premises. These prosumers will thus be 
able to produce, store and consume electricity they have generated, deciding to 

https://urbantransitions.global/
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purchase from the grid if their supply is not enough and, where regulations allow, 
sell to the grid when they have a surplus (in the same way diesel back-up generators 
have been used in some countries to supply the grid). Alternatively, decentralisation 
might provide the basis for more modular systems, particularly where there is a 
lower population density with high energy demand, such as around the urban 
periphery. In these areas, small-scale grids can be faster to construct and more 
economic for meeting business needs than large-scale grid infrastructure. By 2027, 
the microgrid market will be worth US$25–30 billion, with much of the growth (30%) 
in off-grid areas adjacent to, or outside of, cities.34

As decentralised solutions reach cost parity with grid-supplied electricity and 
market penetration of new technologies at the grid edge increases, decentralisation 
trends are expected to profoundly impact the industry. New business models 
and technologies will be needed to fund connective infrastructure, store power 
and balance the grid. Tipping points will be reached first in Australia, where it is 
expected that 38% of solar will be behind-the-meter in 2050, closely followed by 
Japan, Europe and California, United States of America (US).35

Box 1. Decentralisation does not equal decarbonisation 

Historically, decentralised or distributed generation has been used only where 
grid electricity is unavailable or unreliable. Interruptions to urban electricity 
supplies – due to technical faults, natural disasters or load shedding to balance 
supply and demand – vary in frequency and duration between countries and 
cities. For example, the average electricity consumer in the US experienced 
1.3 outages and was without power for 250 minutes in 2016.36 In South Asia, 
businesses reported on average 25 power outages a month.37

One way that businesses, public services and some households have traditionally 
combatted this is by using medium-sized and small-scale diesel generators to 
provide emergency back-up when the power grid fails. This often provides a 
huge amount of power. For example, the northeastern states of the US were 
reported to have 10 gigawatts (GW) of back-up generation capacity, equivalent 
to approximately 12% of the capacity connected to the grid in these states.38 
In Nigeria, the total capacity of diesel generators (estimated between 8 GW and 
14 GW) exceeds the capacity available to the grid39 and in sub-Saharan Africa, 
privately-owned generators account for 6% of installed capacity.40 

In developing countries, where 600,000 diesel generators were sold in 2015, 
about half the market is for units under 300 kW (the average was 48 kW). 
The commercial sector accounts for one-third of this market, which totals about 
US$20 million a year and is growing at a rate of 6–7% a year.41 This growth is being 
driven by a lack of grid infrastructure, unreliable power supplies and increasing 
industrialisation. Thus, decarbonising the world’s electricity systems by 2050 
will require replacing the services currently provided by diesel back-up generators.
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DIGITALISATION 

Advances in digital technologies, including telecommunications and the internet, 
are crucial to the transition to renewable energy in two main ways:

• In terms of buildings and electricity grids, digitalisation is providing 
cost-effective ways to optimise existing energy infrastructure and operations 
through the utilisation of data and control technologies. 

• Digitalisation has paved the way for the creation of new business models that 
provide better access for consumers and other market participants to 
fundamentally alter how electricity markets will work.

One of the most visible innovations brought about by energy sector digitalisation 
has been the introduction of smart grids (usually defined by the ability to shift 
from a one-way energy system described above to a two-way exchange between 
consumers and electricity grids, facilitated by sensors and control systems along 
transmission lines) and smart meters. Smart metering is just one part of the shift 
under way at the grid edge where homes, industrial and commercial activities 

are increasingly digitally enabled. Digital capabilities include 
hardware for asset coordination and control – such as meter, 
sensors and software – and can extend into building management 
and operations. The combined communication capabilities of 
sensors, digital devices and appliances portends the mass adoption 
of the “internet of things,” where devices communicate with each 
other and machine learning allows self-optimisation without the 
need for direct human intervention. 

Technology is similarly a key enabler of energy-efficient buildings. 
For instance, expanding the automation and control of buildings 
is often the largest opportunity for improved efficiency, providing 

estimated savings of 2–5% in up to 40% of cities’ building stock.42 Prior to current 
advances in digital technologies, the only way to optimise buildings to make them 
more energy efficient was via envelope retrofits and improvement to heating and 
cooling systems. Nowadays there are multiple ways buildings can be digitalised in 
order to make them more energy efficient. 

Smart meters, sensors and control systems will become more useful to decarbonisation 
if and when data are used effectively. Improved data may be used first to account 
for greenhouse gas emissions, using the location-based method recommended 
by the GHG Protocol,43 to show how buildings, companies and organisations are 
decarbonising the grid in their city over time. The data may also be used by third 
parties who can support network operators or retailers with digital expertise to better 
manage load forecasting and usage patterns, and optimise for decarbonisation. 
However, this has thrown up questions around data ownership and access in terms 
of consent and customer privacy. Thus national approaches to managing energy data 
will need to be a key feature of future energy transitions planning. 

National approaches 
to managing energy 

data will need to be a 
key feature of future 

energy transitions 
planning.
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Another consequence of digitalisation will be disruption to the sector’s current 
business models. With investment in digital energy infrastructure and software 
growing at 20% per year,44 the electricity sector is likely to experience a shake-up 
akin to those experienced in the transportation, telecommunication and hospitality 
sectors, which have been quicker to adopt digital technology. Companies such 
as Uber, Mobike, Skype, WeChat and Airbnb have thoroughly changed both the 
business models and energy use of their sectors. However in contrast to these 
more fluid sectors, the energy sector is highly regulated, so technological shifts 
will have to be tightly coupled with policy and regulatory change. While digital 
energy businesses are already managing and controlling electricity on some levels – 
devices, homes, offices, schools, buildings, microgrids, neighbourhoods and cities – 
what is yet to play out is a market-wide operating model for decentralised systems. 
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A framework for understanding urban energy 
transitions

This section examines the relationship between the three Ds that are driving the 
energy transition. It explains how the structure of the electricity market (organisation 
of institutions and actors) and the management of flexibility (balancing variable 
supply and demand) are key policy areas for a low-carbon energy transition. 
This framework is then used to show how national governments can harness 
cities and partner with city governments to deliver their energy objectives.

A general framework to explain how national and city governments can manage 
the three D transition is presented in Figure 3. This analytical framework bridges 
the domains of power sector structure and operation, national energy and climate 
change policies, urban governance, and economic and social development. 
National and city-level governance (policies and institutions) of electricity systems 
is influenced by the need for policies – including implementation – to ensure 
efficient organisation of the electricity market and balancing of supply and demand 
(flexibility). Exogenous factors (e.g. technological change, prices) driving transition 
processes for each of the three Ds will inevitably influence the effectiveness of 
system structure and how flexibility is managed.

3.

DECENTRALISATION

DECARBONISATION

DIGITALISATION

Figure 3: Analytical framework for urban electricity system transitions
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STRUCTURE OF THE ELECTRICITY SECTOR

The structure of a country's electricity sector has two interdependent dimensions: 

• The level of integration in the electricity value chain (generation, 
transmission, distribution, consumption). 

• The degree of competition at each stage. This is reflected in Figure 4, which 
broadly shows the range of possible structures.

The traditional structure of vertically integrated monopolies – common in the 
second half of the last century – is now found in only a few countries.45 Although 
monopolistic entities do remain – particularly for network operations – the 
generation, transmission and distribution of electricity have been unbundled to 
varying degrees in most countries. In 2015, more than two-thirds of the countries 
that comprise the Organisation for Economic Co-operation and Development 
(OECD) and about a third of other countries had completely unbundled systems, 
with different companies operating at each stage in the value chain.46 

In countries with unbundled or partially unbundled structures, there can be 
multiple power producers, distribution system operators and retail suppliers. 
The rationale for unbundling is to facilitate competition – opening space for new 
businesses at different stages of the value chain – and to improve efficiency in the 
supply of electricity. However, in reality the scope for competition is affected by 
the size of the power sector and its technical characteristics, as well as political 
economy factors. For instance, there might be a single buyer of electricity generated 
by independent power producers or regulations restricting the buying and selling 
of electricity by different market actors at each stage in the value chain. Legal 
frameworks for the power sector and electricity market codes determine roles, 
responsibilities and who – including city governments – can participate in the 
wholesale and retail electricity markets.47 

Figure 4: Alternative structures for the electricity sector

Source: Adapted from International Energy Agency, 2017. Status of Power System Transformation 2017: System integration and local grids. 
International Energy Agency, Paris.
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Structural change may be necessary in some contexts to take advantage of the potential 
of decentralisation and digitalisation to achieve the imperative of decarbonisation. 
This may, in turn, require changes to national legal frameworks for electricity systems, 
as well as market rules and regulations. For example, electricity storage is often limited 
by regulations to specific market segments; the aggregation of services from distributed 
renewable energy systems is not allowed in many markets. Electricity storage, VRE, 
distributed electricity assets and tools such as demand response – key resources 
for managing flexibility in modern systems – have new cost structures, services and 
organisational arrangements that call for changes in electricity system regulations. 

MANAGEMENT OF FLEXIBILITY

The concept of flexibility is key to future electricity systems.50 It is defined as “the ability of 
a power system to reliably and cost-effectively manage the variability and uncertainty of 
demand and supply across all relevant timescales, from ensuring instantaneous stability of 
the power system to supporting long-term security of supply.”51 In centralised and vertically 
integrated systems, the security of supply has historically meant building enough generation 
capacity to meet demand peaks and balancing electricity supply with demand simultaneously, 
in real time. Optimisation occurred through the management of the supply, with supply from 
generators being ramped up quickly to meet peaks in demand (peaks are the specific daily 
and seasonal periods over summer and winter when the most electricity is consumed). 

However, renewables have their own challenges when it comes to flexibility that will need 
to be addressed. For example, VRE such as solar and wind involves rapid changes in voltage 
and power quality, seasonal changes in capacity due to weather and timescale management 
that ranges from second-by-second to annual. In some cases, such as in the UK and Germany, 
wind generation is curtailed if it is too plentiful, and increasingly competitive markets 
experience negative wholesale energy prices.52  Where there is not enough VRE to meet peak 
demand, generators or large-scale gas or coal plants are kept as back-up to provide additional 
electricity. However, keeping fossil fuel plants on the grid for a diminishing number of 
hours is costly and misaligned with the decarbonisation targets of countries and cities.53

Advances in electricity storage offer part of the answer. Until recently, electricity storage 
has been impractical and uneconomic other than in the form of pumped storage on 
hydropower schemes, which currently accounts for approximately 96% of global 
electricity storage capacity.54 

However, as demand for electricity storage increases as the share of renewables and the 
number of distributed assets grows – this demand is expected to be 155–227% higher in 
2030 than in 201755 – batteries and other new storage technologies, such as hydrogen, 
will be used to meet much of this demand. This will include large-scale storage, such 
as South Australia’s 100 MW battery attached to a wind farm. It will also include small-
scale battery storage either in buildings connected to distributed energy resources (in 
Germany, for instance, 40% of small-scale solar PV systems have been installed with 
batteries)56 or inside electric vehicles that plug into electricity grids to charge (the total 
installed capacity of battery storage in 2019 – 3 GW – included 260 million two-wheeler 
vehicles, or half of the total electric vehicle stock).57 
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Box 2. Storage and smart charging

Storage occurs at both the generation and consumption stages of the value 
chain. In some systems, when stored electricity (e.g. in batteries, hydrogen or 
fuel cells) is transported between the generation plant and consumers, there is 
a distribution stage. 

Storage may be sited at transmission level and serve to support ancillary 
services of the national grid operator, or it may be behind-the-meter on a 
premises, acting as a back-up power supply. 

Increasingly, mobile storage in the form of electric vehicles will also be able to 
provide the ability to interact with local distribution networks if they are able 
to be controlled at the charging station. This “smart charging” allows a vehicle 
to plug in but not actually begin charging until price or grid conditions are right.

The combination of decentralised renewable energy and digitalisation further 
increases the options for system operators. Demand-side response (i.e. the 
management of energy consumption by buildings, electric vehicles and other 
assets) is as reliable as supply-side or storage technologies and a more cost-effective 
flexibility solution.58 Common examples of demand-side response include dimming 
lighting, avoiding air conditioning or altering industrial production in response 
to a market signal to turn down demand. Better insulated buildings increase this 
thermal storage capability as cooling or heating systems can be switched off for 
longer without loss of comfort in the building. Even smart-home systems can be 
used to turn up demand in response to energy generation, for example by operating 
washing machines and dishwashers at off-peak hours. With digital capabilities, the 
sophisticated optimisation of assets in a building (or coordination across multiple 
buildings) is possible without any noticeable change in performance. Demand-side 
response is even starting to be valued at distribution level. In the UK for instance, 
distribution system operators are beginning to procure demand-side response to 
avoid investment in the costly substation replacements that they would have turned 
to in the past.59

How electricity systems manage variability in electricity demand and supply is 
thus critical for the transition to renewable systems. In systems with a high share 
of electricity from renewable energy sources – either centrally or locally – 
optimisation can be achieved by managing both supply and demand in ways that 
are increasingly easy to access through digital technologies. Potentially, these 
technological improvements in storage and demand-side management taking place 
in cities can also help national electricity system operators to achieve other objectives, 
such as service reliability, system flexibility, affordability and accountability.
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City transition pathways

There will be multiple pathways and strategies for cities to transition to net-zero 
electricity systems. These will inevitably vary as each country and city will have different 
opportunities available to them. The pathway any city takes will be determined to a large 
extent by national and local government policies, especially with regard to how they 
govern three D transitions and shape their electricity system structure and flexibility. 
Figure 5 illustrates how one set of policies may lead to pathway A, while a different set 
of policies could result in pathway D. Understanding links between the three Ds can 
reveal opportunities to deploy policies and create different market structures that can 
deliver efficient, reliable electricity systems and achieve climate change objectives. 

4.

Figure 5: Illustrative energy transition pathways for a city
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Decentralisation is facilitated by digital technologies that can manage the integration 
of distributed assets into wide-area grids, as seen in Hamburg, Germany and London, 
UK. On the other hand, decentralised options are very attractive where the centralised 
grid is not reliable or does not serve parts of the city, as in Dar es Salaam, Tanzania or 
New Delhi, India. Decentralisation may therefore be faster in higher- and lower-income 
contexts, but not middle-income contexts. Decentralisation may accelerate decarbonisation 
goals where it leads to a higher share of renewables, as in Adelaide, Australia and Cape 
Town, South Africa. However, it may not reduce the carbon intensity of urban energy 
if grid electricity is currently fuelled by hydropower, as in Kampala, Uganda and many 
Latin American cities.
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CITY CASE STUDIES

This section illustrates the diversity that exists in urban electricity systems and 
provides a brief assessment of transition pathways using the three Ds in 10 cities. The 
cities were selected to illustrate different contexts and potentialities. They range in 
population size from 1.3 million (Adelaide) to over 28 million (New Delhi).60 Electricity 
consumption in the 10 cities ranges from about 100 kWh per person per year (Dar es 
Salaam) to almost 13,000 kWh per person per year (Austin, US). Annex 1 provides 
key statistics for each city. When examining the figures, it is worth considering that 
while energy consumption in some cities – such as Kampala and Dar es Salaam – is 
currently relatively low, it is set to significantly increase with population growth.

The diversity of current urban energy conditions is shown in Figure 6, which plots the 
10 cities on two axes. The horizontal axis reflects the current status of decentralisation 
in each city’s electricity system, and the vertical axis their level of digitalisation. The 
colours illustrate the carbon intensity of grid electricity serving each city.

Figure 6: Plotting electricity decentralisation and digitalisation in 10 diverse cities
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Note: Decentralisation is measured by the share of electricity consumed in the city that comes from decentralised renewable generation 
within the city (broader energy mix is not included here).61 Digitalisation is measured by the national score in the ICT Development Index.62 
Decarbonisation, indicated by the colour of the dots, is measured by the share of renewables in electricity consumption, whereby 
orange is less than 30%, blue is 30–50% and green is greater than 50%.
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The six cities in the upper-left quadrant reflect a relatively high level of digitalisation 
and limited-to-moderate decentralisation.63 Five of those cities are in countries 
with high incomes and high per capita electricity consumption. In the lower-left 
quadrant are four cities in non-OECD countries with limited decentralisation and 
moderate digitalisation.64 All cities are on the left-hand side of the figure because 
less than 30% of their electricity is generated from decentralised sources. The cities 
vary greatly in the carbon intensity of their electricity consumption. In Kampala, 
almost all the electricity consumed is generated from renewable energy sources 
– mainly large-scale hydro – while Cape Town is the opposite, with almost all 
electricity from (mainly coal-fired) thermal power stations.

There is no correlation between the current share of renewables in a city’s electricity 
consumption and its levels of decentralisation and digitalisation. However, 
the pathway to decarbonisation for cities with a significant share of electricity 
generated from fossil fuels will be influenced by how they pursue decentralisation 
and digitalisation. This, in turn, will be affected by existing power sector structures 
along with how flexibility is managed.

In order to understand which pathway the city might take, each of the case studies 
examines various factors (where information is available): 

• The city’s own decarbonisation or energy targets; 

• The city’s current electricity consumption at peak and average times;

• The share of renewables in the city’s electricity mix; 

• The share of locally-sited renewable energy generation; 

• The city’s level of digital adoption (e.g. smart meters); 

• Geographic considerations; and

• Market structure. 

This assessment allows some general conclusions to be drawn about the 
implications of the transition for the structure of the electricity system and the 
management of flexibility to ensure efficient and reliable supplies.

Adelaide

Adelaide’s grid electricity is supplied by the state’s distribution service operator, 
South Australia Power Networks, and rooftop solar PV. In 2017/18, over half (51%) of 
the electricity generated in the state of South Australia was from gas, 39% from wind, 
8% rooftop PV and just over 1% diesel and non-scheduled generation.65 Although 
rooftop solar PV capacity is expected to increase, this will continue to supply a small 
proportion of total demand. The promotion of household and large-scale battery 
storage will improve the efficiency of this renewable generation capacity,66 but 
decarbonisation objectives will depend on replacement of the state’s gas-fired plants. 
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Decentralisation within the city’s electricity system is reflected in the distributed 
generation capacity of rooftop solar PV, complemented by battery storage. There 
is scope to increase the proportion of homes with solar PV and batteries with 
subsidies provided by the state government. The state government is supporting the 
installation of 40,000 residential batteries and has plans for a virtual power plant 
that would link 50,000 home systems across the state.67 

Australia is highly digitalised, ranking 14th globally in the 2017 ICT Development 
Index. Adelaide and South Australia have recognised the potential of digitalisation. 
They have rolled out smart metering and there are plans to credit users for giving 
surplus energy back to the grid, as well as virtual power plants. The spot market for 
electricity, enabled by digital technologies, provides financial incentives for energy 
efficiency and demand-side flexibility. Digitalisation will also enable demand-side 
response for the management of system flexibility. The high number of air conditioning 
units and (expected) electric vehicles, could provide the distributed assets to facilitate 
demand-side response for flexibility. The Australian Energy Market Operator and the 
Australian Renewable Energy Agency have a pilot programme that hopes to enable 
up to 160 MW of demand response nationally.

Austin

In 2018, around 38% of Austin’s electric power came from wind, solar and 
other renewable resources.68 Austin had a population of 1.9 million in 2018, 
which is expected to increase to 2.5 million by 2030.69 The US ranks 16th in the 
2017 ICT Development Index.70 Austin’s retail energy market is run by a single 
operator, Austin Energy. It is a publicly owned utility, the 8th largest in the 
US, providing electrical power to the city of Austin and surrounding areas and 
serving more than 485,000 customers in 2018.71 Austin owns its electric utility and 
the grid is managed by the Electric Reliability Council of Texas.

Austin Energy’s Resource, Generation and Climate Protection Plan72 includes a 
comprehensive set of goals for decarbonisation, energy efficiency, demand-side 
response, technology and storage. It includes increasing the share of renewables 
in the electricity mix from 38% in 2018 to at least 55% by 2025 and 65% by the end 
of 2027, and increasing installed solar capacity from 529 MW in 2018 to at least 950 
MW by 2025 (including an increase in rooftop solar capacity from 63 MW in 2018 to 
100 MW). The plan also aims to achieve 800 MW of energy efficiency and demand 
response by 2020 and an incremental 100 MW of demand response to achieve a 
total of at least 900 MW of demand-side management by 2025. Further, it aims to 
achieve 30 MW of local thermal storage by 2027 and a minimum of 10 MW of electric 
storage by 2025. While Austin Energy has plans to reduce some thermal capacity 
and increase energy efficiency, the total renewable capacity proposed for 2027 
is equivalent to about 36% of current peak demand. Further decarbonisation of 
generation capacity will be required to achieve 100% renewables. 
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Cape Town 

Cape Town’s population is expected to grow from 4.4 million in 2018 to 5.5 million 
in 2030.73 The city accounts for 9% of South Africa’s total GDP. The current overall 
energy mix is dominated by diesel (35%), electricity (27%) and petrol (26%).74 The 
high use of diesel may be due to problems that the national utility company, Eskom, 
has had with load shedding (meaning customers are not getting the power they 
need) in recent years. Because Cape Town’s own municipal utility – which supplies 
three quarters of the city’s power – must buy from Eskom, the city does not have 
many options to avoid local diesel being used by consumers in response to load 
shedding, or to improve the national electricity mix, currently 89% coal-based.75

The city does have three small generation units of its own, which are used primarily 
for flexibility (load balancing). The city is also now buying electricity from South 

Africa’s first commercial wind farm at Darling, 70 km north of 
the city, although accessing the power from the wind farm still 
technically remains dependent on Eskom.76 The city has a target 
to have 120 MW installed capacity of rooftop solar PV by 2020 – up 
from 3 MW in 2014 – mostly operated by commercial and industrial 
users, as well as 100 MW of wind power by the same date. Together, 
these would provide approximately 10% of the total capacity to 
meet current demand. Since 2016, a feed-in tariff has been in place 
for households and industrial generators.77

Cape Town has three routes to decarbonise its electricity: an 
increased share of renewables in the power supplied by the 
national grid (which it has no direct control over); an increase 
in direct purchases of renewable electricity by the city-owned 

distribution system; and an increased adoption of rooftop solar PV. All three 
decarbonisation routes will be needed in order to achieve the city’s goal of net-
zero emissions by 2050, complemented by improved energy efficiency in buildings, 
appliances and vehicles (roughly 50% of emissions). 

As the number of renewable power producers grows, opportunities for the city-
owned distribution system to purchase from renewable energy independent power 
producers may increase. However, the city will likely be constrained by national 
regulations that limit such purchases to Eskom unless the outcome of a current case 
being reviewed by the constitutional court falls in the city’s favour (ruling expected 
May 2020). The city is seeking to increase its direct purchase of renewables from 
independent power producers, arguing that it is critical to ensure it can meet its 
targets.78 Regardless of the progress that can be made through independent power 
producers, a large share of the city’s electricity will likely still be supplied from 
Eskom. Full decarbonisation of the city’s electricity system will therefore depend on 
decarbonisation of Eskom’s generation. The Department of Energy’s 2019 Integrated 
Resource Plan indicates South Africa’s 2030 goal is to move to 44% coal, 15% wind, 
10% solar and 16% gas and diesel.79

All three 
decarbonisation 

routes will be 
needed in order to 
achieve the city’s 

goal of net-zero 
emissions by 2050.
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Despite its reliance on Eskom, the city’s own distribution service company does 
represent a degree of decentralisation, with distributed solar PV generation. 
On a larger scale, wind power could be incentivised by the city through small-scale 
embedded generation (generation of less than 1MW located on residential, 
commercial or industrial sites where electricity is also consumed). Digitalisation 
to manage the system, including managing flexibility at the distribution system 
level, could make this more efficient and cost-effective. It could also help address 
a key concern that the city be able to continue to provide electricity to poor 
households, when it could be possible for larger generators to invest more in 
on-site generation (and therefore pay less for grid-supplied electricity which could 
increase the price of electricity for the remaining customers who cannot self-supply).

Digitalisation is a focus for both local and national government. South Africa 
ranks 92nd globally on the 2017 ICT Development Index, even though rates of 
mobile phone ownership and household connection to the internet are relatively 
high, at around 75%. Cape Town specifically is investing in digital infrastructure 
– emphasising digital inclusion – and aiming to make the city the preferred 
location in South Africa for technology start-ups80 – for example, in 2018 the city 
significantly increased fibre-optic cable infrastructure installation. 

Dar es Salaam

Renewables make up 34% of the electricity supply in Tanzania. The country has a 
low level of digitalisation, ranking 165th in the world in the 2017 ICT Development 
Index.81 While only 13% of individuals are internet users, 74% have a mobile 
phone subscription.82 However, this is set to change as Tanzania invests in fibre 
(1,500 km linking the major cities including Dar es Salaam, which also has 
recently constructed 400 km of metro fibre) and boasts one of the most advanced 
mobile money markets in sub-Saharan Africa.83 Dar es Salaam has a growing tech 
and ICT community. The city’s population is expected to nearly double from 
6 million in 2018 to 11 million in 2030.84 

Electricity in Dar es Salaam is supplied by the vertically-integrated national 
utility, the Tanzania Electric Supply Company Limited (TANESCO). Independent 
power producers generate electricity and sell to TANESCO, which owns and 
controls transmission and distribution in most of the country. Apart from back-up 
generators, decentralised power generation in Tanzania, which comprises over 
100 mini-grids and self-generation using petrol, diesel or solar, is all outside of 
Dar es Salaam. Similarly, only a very small proportion of electricity consumers in 
the city are served by off-grid solar systems. Across Tanzania, independent power 
producers account for 2% of total generation capacity (below 10 MW capacity 
in total). Distributed generation is mostly diesel and is used by large-scale 
consumers remote from the grid (e.g. mining companies) and back-up generators.
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Due to limited levels of distributed energy generation, decarbonisation of electricity 
in Dar es Salaam is mainly dependent on increasing the share of grid electricity 
supplied from renewable sources. Tanzania has only begun to explore potential 
geothermal energy resources. This means the country’s immediate prospects for 
renewable electricity are investment in more large-scale solar and wind power and 
awaiting completion of the Rufiji hydropower project, which will increase capacity 
by 2,000 MW. There are also opportunities for distributed generation – rooftop 
solar PV or wind power – to be promoted within the city, but there are currently 
regulatory barriers to achieving this, such as taxes on home solar systems.85 

Digitalisation could improve operational efficiency in the existing system, for 
instance through mobile payment systems for varying electricity levels. However, 
the regulatory framework will determine to what extent digitalisation is an enabler 
of decarbonisation and decentralisation. In 2012, TANESCO introduced smart meters 
for medium and large scale electricity users – over 100,000 smart meters have 
been installed so far86 – and the further roll-out of smart meters, along with the 
introduction of net-metering (compensation for customers who generate their own 
power) could help promote solar rooftop systems within the city. 

Hamburg

In 2018, 48% of electricity in Germany was generated by fossil fuels (lignite, coal 
and natural gas) and 35% from renewable sources. Nuclear power provided about 
12% of electricity.87 The country has very high rates of digitalisation, ranking 12th 
in the world in the 2017 ICT Development Index.88 The population of Hamburg is 
expected to remain stable between now and 2030. 

The electricity system in Hamburg is centred on a locally managed and owned 
distribution network, connected to the national unbundled system.89 Electricity is 
supplied to the distribution company by the regional transmission operator (one of 
four transmission system operators in Germany), which supplied 77% of the power 
consumed in 2018, with decentralised generators providing the remaining 23% 
(2.8 TWh).90

A 2013 public referendum resulted in the municipalisation of the utility, which was 
completed in 2015.91 Hamburg adopted its own climate change action plan in 2015 
with an aim to halve CO2 emissions by 2030 and reduce them by at least 80% by 
2050. Increasing the share of electricity from renewable generation in Hamburg has 
two routes – decentralised generation within the city network and supplies from 
the national grid. Because the city will continue to rely on power from the latter, 
decarbonisation of Hamburg’s electricity will depend on the share of renewables in 
grid-supplied electricity. The federal government has a target of 65% renewables by 
2030 and 100% by 2050.

The continuing transition towards decarbonisation is unlikely to be affected by 
the power sector’s structure, though the city may be called upon to play a bigger 
role in managing flexibility. Load (peak) management takes place at the interface 
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between the city’s distribution network and the national grid. This will continue, 
but more decentralised renewable generation within the city and a larger 
share of renewables in the grid supply, combined with digitalisation of system 
management, may lead to changes in how and where flexibility is managed. 

The law on the digitalisation of the Energiewende (energy transition plan), 
approved by the German parliament in 2015, requires the installation of smart 
meters throughout the country by 2032. The law covers technical specifications and 
aims to ensure secure data exchange. Hamburg has its own Digital City Strategy, 
which includes “smart energy” and digitalisation in energy-consuming sectors 
such as transport and buildings. The city is already at the forefront of digitalisation 
and is the location of many experiments and innovations. The NEW 4.0 initiative, 
involving 60 partners in Hamburg and Schleswig-Holstein, aims to show how the 
whole of north east Germany, including Hamburg, can be supplied with 100% 
renewable energy by 2035. Greater digitalisation will facilitate decarbonisation and 
create potential for new actors and services (e.g. aggregators or neighbourhood 
distribution services), which could challenge the city’s distribution company. 

Kampala

Uganda’s electricity – which is supplied from the national grid – is almost entirely 
from hydro power. Other renewables, such as solar PV and wind power, are 
limited. The country has low rates of digitalisation, ranking 152nd in the world in 
the 2017 ICT Development Index.94 While only 9% of households had access to 
the internet and 22% of individuals were internet users in 2016, mobile phone 
use is common (with 55 subscriptions per 100 people nationally and 86% mobile 
phone ownership in cities). The government has an enabling policy environment 
for ICT development, evidenced by its five-year ICT Strategic and Investment Plan 
(2015/16–2019/20). Kampala’s population is expected to increase from 3 million in 
2018 to 5.5 million by 2030.95

While Uganda’s power sector structure is unbundled, the government has retained 
stakes in generation and transmission. The main generator is the state-owned 
Uganda Electricity Generation Company, operated by Eskom Uganda. The transmission 
company, Uganda Electricity Transmission Company, is also state-owned. 
The largest distribution company, Umeme, is a public company. Residential 
consumers comprise 90% of the total number of customers, but consume 23% 
of the electricity sold by Umeme, while industrial consumers make up just 3% 
of customers, but consume 65% of the electricity.96A feed-in tariff – set by the 
national regulator – is in place for hydro power, biomass and waste, but not for 
wind or solar. Digitalisation prospects in Uganda are limited in the short-term. 
Own generation by households and businesses using diesel is significant in 
Uganda, and there are several mini-grids outside Kampala. Approximately 270,000 
home solar systems have been sold in Uganda.97
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Despite high levels of renewable electricity, there is scope for further improvement, 
in particular when it comes to decarbonising back-up power. Over half of businesses 
in Uganda’s formal sector own or share a back-up generator, which provided about 
18% of the electricity consumed by those businesses (2013 figures showed that 
companies endured six power outages per month on average).98 Decentralised solar 
PV with battery storage could be promoted to replace diesel back-up generators.

The 2016 Kampala Climate Change Action Plan includes a target of 50 MW renewable 
energy generation in the city – which is several times greater than the total small-scale 
decentralised renewable generation capacity in the country – but it does not state 
when or how this will be achieved.99 The broader energy transition in Uganda could 
be advanced through electrification in the transport system.

Kitakyushu City

Kitakyushu City, located on the island of Kyushu in southern Japan, had a 
population of just under 1 million people in 2017.100 The population of the greater 
metropolitan area of Kitakyushu-Fukuoka is expected to decline from 5.6 million in 
2018 to 5.4 million by 2030.101 

Japan is one of the most digitised economies in the world, ranking 10th on the 2017 
ICT Development Index. Japan has been in the process of unbundling its electricity 
sector since 2000, with full liberalisation as of April 2016, at which point 280 
operators had registered as retail suppliers. Japan’s retailers have been given a 
deadline of 2025 to deploy 80 million smart meters.102 

Kitakyushu was one of 29 local authorities selected for the Japanese government’s 
Future Cities Project, which supports cities to develop their own local sustainability 
initiatives in line with the national Basic Environment Plan (2018). A range of 
city-specific factors have sped up the urgency of the city’s three D transition – 
alongside the national power sector unbundling – including poor air quality and 
environmental pollution. These factors have driven the city to lead in the 
development of both environmental technologies and local approaches to 
improving the environment and it is now known as a leading city on sustainability. 

In 2015, the city of Kitakyushu established its own retail electricity company, 
Kitakyushu Power Company,103 which supplies low-carbon electricity generated 
within the city to 372 public facilities and 115 businesses, with a generation capacity 
of 356 MW (78% solar, 13% biomass and 9% wind power).104 The city’s Next 
Generation Energy Park has 19 solar PV installations, nine wind power sites and 
three biomass-fired generators.105 Outside the Energy Park, there are five solar PV 
installations, ranging in size from 180 kW to 2,900 kW and five micro hydropower 
generators. Kitakyushu Power cites a number of reasons for setting up as a local 
retail business, including lowering costs for procurement and sales of electric 
power, monitoring and optimising supply and demand together, and providing 
additional IT-enabled services to citizens. 
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The city is implementing several innovation initiatives to facilitate the three Ds. 
A Community Energy Management System was trialled from 2010–2014.106 The 
system introduced dynamic pricing, which resulted in peak reduction of 18–22% 
through demand-side response for homes. The impact on decarbonisation was 
impressive: over the course of the trial, residential CO2 emissions were reduced by 
28%, while business experienced a 50% reduction in emissions.107 Kitakyushu is also 
demonstrating and testing new innovative energy technologies across the energy 
value chain, such as hydrogen for homes and transport. 

London

The UK is known for its climate change policies and it has already seen significant 
nationwide adoption of renewable energy generation. Approximately one-third of grid 
electricity is generated from renewable sources, predominantly wind.108 A shift from 
coal to thermal power stations using gas (40%) and nuclear (21%), which now generate 
most of the country’s electricity, has significantly reduced the country’s total emissions.  

While London is the largest city in the UK– with a population expected to increase 
from nearly 9 million in 2018 to 10 million in 2030 – energy demand has in fact 
fallen in recent years due to the success of efficiency measures. The UK is highly 
digitalised, ranking 5th globally in the 2017 ICT Development Index, with 91% of 
households having access to the internet in 2016. Mobile phone use is widespread – 
in 2016 there were 122 subscriptions per 100 people in urban areas.110  

Grid electricity in London is supplied by UK Power Networks – which covers 
roughly 8 million customers – while the National Grid is the system operator for 
electricity to which distribution networks connect. UK Power Networks has begun 
to procure flexibility, with the aim of using locally supplied demand response – 
including battery storage – to address issues of congestion at substation level. This 
demonstrates an evolution in the approach to managing electricity problems solely 
at the national system operator level to a more decentralised model.

London aims to generate 15% of its power from clean, local sources by 2030 and be 
a net-zero emission city by 2050. Both of these targets are being delivered through 
the Energy for Londoners Programme, which includes acceleration support for 
decentralised energy – with a focus on heat networks and community energy – the 
retrofitting of homes and publicly-owned buildings, and supporting Londoners in 
fuel poverty. It has recently set up its own retail energy supply company, London 
Power, to bring lowest cost renewable energy to Londoners with the aim of 
designing the right tariffs to support Energy for Londoners’ goals. 

Although London’s main route to transition in the short-term (to 2030) will be, 
in part, via meeting distributed energy targets and more renewables in the grid, 
decarbonisation is not just a question of the share of renewables in the generation 
mix. Where the penetration of renewables is high, as it is in the UK, digital 
technologies will be required to operate the system efficiently. This will require 
the city to rapidly scale-up building efficiency (for example, “smart retrofits”) 
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and appropriate siting of chargers for the ever-increasing growth in the number 
of electric vehicles, in order to ensure the city can be flexible enough to handle 
the higher levels of VRE. Although the city is enabled for digitalisation, it needs 
capabilities for linking digital strategy to the planning and operation of low-carbon 
assets, including electric vehicles, in order to ensure decarbonisation continues. 

The 2018 edition of the National Grid’s annual future energy scenarios document 
presented two scenarios that would meet 2050 climate targets. Both are reliant on 
increasing capacity of renewables to reflect the fact they have lower load factors 
than fossil fuel generators. Both scenarios showed renewables providing over 70% 
of electricity generation in 2050. However, these national plans rely heavily on 
extensive use of smart charging, alongside actions to manage peak demand (as well 
as a switch to hydrogen or other low-carbon heating). 

New Delhi

New Delhi’s governance is unique in India. The city has an elected legislature as 
well as a state chief minister and it also has national territory status. New Delhi has 
a population of about 26.4 million (2018), which is expected to grow by around 10 
million by 2030.112 The city’s per-capita electricity consumption is nearly double the 
average for India, at 2,171 kWh.113 

India ranks 134th on the 2017 ICT Development Index, with 22% of households 
having internet access. However, when it comes to mobile phone access, the 
picture is much more democratic: there are 87 mobile phone subscriptions per 
100 inhabitants and it is predicted that 60% of the population will be smartphone 
users by 2022. However, New Delhi is further along in digitalisation efforts than 
the national average and digital solutions are already playing a part in New Delhi’s 
decarbonisation story. For instance, New Delhi Municipal Council was the first 
municipal council in India to implement a 100% smart metering solution in its area, 
replacing 50,000 conventional meters with smart meters.114 

National and state level entities are the main players in the Indian energy market. 
Local distribution network operator Tata Power Delhi has made significant efforts 
to reduce losses from 53% to 9% over the past 15 years, winning awards for its 
efficiency and innovation projects.115 But losses are not the only challenge: peak 
electricity demand has grown by over 200% since 2002, increasing faster than the 
population.116 A few hours of summer peak loads can increase costs significantly 
if capacity is overbuilt for those periods, so a 25 MW demand-response pilot is 
being developed in partnership with the US.117 Nationally, demand-side response is 
recognised as critical to meeting India’s goals for 175 GW of renewable capacity.118 

Decarbonisation in New Delhi will be dependent on national programmes to replace 
coal imports with renewables, but being able to provide reliable, affordable power is 
critical. The national solar rooftop programme has had early success in New Delhi, 
where the state of Delhi offers additional generation-based incentives for domestic 
rooftop solar, with a target of 2 GW by 2025.119

https://urbantransitions.global/
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Shenzhen

Shenzhen is in China’s Guangdong province, which has a population of 12 million 
and expected to grow to almost 15 million by 2030. In contrast with the national 
picture in China – where energy generation is largely coal-based – Guangdong 
province has a more varied supply, with 2014 figures showing that generation 
capacity is based chiefly on thermal power from coal (48%) and hydropower 
(40%), with smaller amounts of energy coming from nuclear (2.6%), wind (2.8%) 
and solar (0.4%).120 China Southern Power Grid is responsible for investment, 
construction, transmission and distribution across China’s five southern 

provinces, which includes Guangdong. Consumption in the 
grid is expected to increase from 932 TWh in 2014 to between 
1,098 and 1,217 TWh in 2025, with peak demand also expected 
to increase. Peak demand for the grid in 2014 was 136 GW and is 
forecast to grow to 193 GW by 2025.121

In the short-term (to 2030), the main route to decarbonisation 
for Shenzhen will be through the inclusion of more renewables 
on the grid – investing more in large-scale solar and wind power 
– and via the promotion of distributed renewables – promoting 
solar rooftop generation. In 2013, two planning departments 
in Shenzhen agreed to stop new coal-fired power stations and 
currently there is one remaining coal-fired power plant. 

The city has an industrial strategy to lead the country on 
sustainable development, and the focus on electrification 
of buses and taxis provides a good illustration of the city’s 
alignment between environment, economic growth and energy 

decarbonisation strategies. Shenzhen became the world’s first city to replace its 
entire fleet of 16,000 diesel buses with electric vehicles, which included providing 
40,000 charging stations, cutting CO2 emissions by an estimated 48%. The 22,000 
taxis in the city were also required to switch to electric by the end of 2018. More than 
30 Chinese cities have now made plans to achieve 100% electrified public transport 
by 2020.122

Guangdong is at the forefront of digitalisation in China, and Shenzhen’s level of 
development is more comparable to that of Hong Kong, which ranked 6th on the 
2017 ICT Development Index.123 82% of households have access to the internet, 87% 
of individuals are internet users and mobile phone use is widespread, with 234 
subscriptions per 100 people.124 While China is a market leader in smart meters, 
Shenzhen is excelling at an international level when it comes to its smart grid. 
The city’s local network and transmission operator investments have resulted in 
93% smart meter coverage, over 97% utilisation of wind power, and sophisticated 
monitoring and maintenance across the network.125 

In the short-term 
the main route to 

decarbonisation for 
Shenzhen will be 

through the inclusion 
of more renewables 
on the grid and via 

the promotion of 
distributed renewables.
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Key considerations for policy-makers

As the case studies have shown, both national and city governments have important 
roles to play in decarbonising urban energy systems, harnessing digitalisation and 
decentralisation as appropriate.

Certain elements will need to be carried out at national government level, such as 
establishing policy frameworks and incentive structures, providing or facilitating 
access to finance, building capacity, establishing governance structures, and ensuring 
policies (and their implementation) are coherent. Meanwhile, other aspects of 
energy transitions would be best managed by local governments, depending on 
the extent of devolution in the energy sector – such as setting a vision and plan, 
directly purchasing and controlling renewable energy assets, establishing norms 
and regulations, providing and facilitating finance, and undertaking advocacy and 
knowledge-sharing.126 Yet often the role of city governments in energy transitions is 
not fully recognised or understood. 

Recognising the variations in the level of control of national, state and local 
governments (not to mention utilities) in different countries, this section highlights 
key considerations for energy decision-makers at a national level who are thinking 
about urban opportunities. It aims to shape global conversations on policy-making 
for energy transitions and guide decision-makers as they develop the most appropriate 
policies for their own contexts.

THE VALUE SHIFT

The scale of the transitions required to facilitate the three Ds means that there 
will inevitably be a tremendous economic shift as new participants are integrated. 
The total value of the electricity market is likely to increase as the electrification 
of transport and heating drives up demand, even in countries where demand has 
steadily been falling over decades. The new services stimulated by distributed 
electricity assets, demand aggregation and non-energy services will add to the 
economic importance of urban electricity markets. To understand the potential 
returns at stake consider London, which has a total electricity market worth over 
US$9 billion a year.127 If 20% of the city’s electricity is generated in the future by 
decentralised renewable systems, the potential shift in value to new market actors 
– be they individual households, companies or the state – would be US$1.8 billion. 
This is not infeasible: in Kitakyushu, 23% of total energy is already generated from 
decentralised sources. 

On the one hand, this potential value shift could be seen as a threat, especially to 
the few entities that control large generation assets. But the market is increasingly 
comprised of a range of technologies and services that are diversified right to 
the end consumer.128 The value shift may result in stranded assets, such as large 
coal power plants, which are not economically viable in many countries without 

5.
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subsidies. Distributed renewables and batteries could also allow the wealthiest 
consumers to abandon the grid, so that utilities have to share their fixed costs across 
fewer consumers, disproportionately impacting those who cannot afford to source 
their own power or technologies. 

On the other hand, national governments may find that their options for managing 
electricity systems increase, providing benefits that were previously not understood, 
available or technically possible. One option may be to offer highly differentiated 
services that can be tailored to specific geographic locations or consumer groups. 
For example, rather than investing in costly infrastructure to extend the grid to low-
density peri-urban areas, solar home systems may offer a lower-cost alternative to 
providing universal energy access. Another example of a beneficial outcome might 
be that a city with distributed local energy generation and some redundancy in the 
system may be more resilient in the face of extreme weather.129 Another possible 

benefit of transition could be that modular renewable energy 
systems can reduce upfront capital costs, and lower transmission 
and distribution losses can reduce operating costs. For instance, a 
study of sub-Saharan Africa shows that if planned solar generation 
capacity to 2023 is sited where it can effectively meet demand – 
or provide system support to congested grids – a projected 
US$180 billion imbalance cost could be saved and the projects 
could more successfully meet energy access goals. 

The value shift from national to local is still being explored by 
utilities, and new entrants to the energy sector are constantly 
emerging. Cities are at the forefront of this conversation, as the 

places where most electricity is consumed, and huge opportunities are emerging in 
the energy markets. Proactive and coordinated governance will be needed to share 
the benefits equitably with citizens.

EMERGING BUSINESS AND REGULATORY MODELS 

The value shift provoked by energy transitions will create opportunities for new 
business and regulatory models (see Box 3). The agglomeration effect of large 
cities, with potential for significant impact from electricity market experimentation 
and synergies with digitalisation in other sectors (“smart city” innovation), 
makes cities suitable places to try out innovative market arrangements.131 The 
companies developing new solutions will be both challenging and influencing 
market design. Trial commercial deployments can inform industry and government 
approaches to fundamental issues, such as length of settlement periods (and for 
which customers), retail tariff options, network code changes, the extent to which 
companies such as independent power producers are allowed to operate in the 
system, and data privacy questions.

Proactive and 
coordinated 

governance will be 
needed to share the 

benefits equitably 
with citizens.
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Box 3. New models challenging current electricity market structures

In the development and deployment of renewable power, divergent models – 
such as power purchase agreements directly between cities and independent 
power producers or solar leasing for rooftops – are becoming common in 
some markets. Due in part to digitalisation and decentralisation trends, new 
capabilities are creating new business models that bridge electricity supply 
and demand. 

Many of these emerging models involve providing energy as a service, rather 
than as a sale of a commodity (kWh), for instance selling the attribute of local 
or green electricity. Mobility-as-a-service similarly allows users to easily access 
transportation options through apps or ‘pay as you go’ solutions to meet their 
specific needs, and can enable rapid electrification of vehicle fleets, as noted in 
Shenzhen. With the increase in data from energy and transport systems follows 
a fast-growing analytics sub-sector focused on how utilities, energy consumers 
and businesses can make better informed financial or decarbonisation decisions. 
Finally, aggregators that have the ability to stack revenue streams from national 
or local systems in a simple service model to end consumers are becoming 
increasingly important players in managing demand-side flexibility. 

It is worth noting three key points: 

• These models are not static;

• Value chains behind the models are rapidly emerging and shifting, with 
standards yet to be set; and 

• Revenues are highly market dependent.

Experimentation and demonstration at the city level can help both firms and energy 
market regulators shape the market structure and plan infrastructure investment. 
London, for example, has benefited from the regulatory sandbox set up by the 
Office of Gas and Electricity Markets, the UK’s national electricity regulatory body, 
which allows companies to operate trials with some derogation in place for limited 
periods. It has found that some new models will require regulatory change, such 
as peer-to-peer energy trading, but some are simply untested and will require a 
learning curve on the part of innovators and regulators.133

Opportunities for bridging the demonstration phase to deployment at scale will 
best be provided when national and city governments work effectively in concert. 
While national governments typically allocate public research and development 
budgets and set industrial strategies for a country as a whole, the role in bridging 
research and development to commercialisation is well-suited to cities’ strengths. 
Cities are home to innovative industries, where businesses employ staff and 
compete for talent. Cities may have the best digital technologies and access to finance 
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that may not be available universally in rural areas. And finally, cities often own and 
operate buildings or mobility infrastructure that can be utilised for demonstration 
programmes. However, the replication and scaling-up of successful models to other 
cities requires national government policy and support for investment.

BUILDING IN FLEXIBILITY 

As the three D transition progresses and the distribution and storage of energy 
shifts away from traditional power plants to anywhere with electricity generation or 
storage, from large-scale wind farms to home solar PV, system flexibility will become 
as valuable as generation capacity, replacing capacity margins as the principal tool 
for flexibility. National governments will need to consider how decarbonisation, 
decentralisation and digitalisation can offer new ways to manage electricity systems 
flexibly, shifting from systems reliant on capacity margins to systems reliant on 
frequent, rapid adjustments to balance demand and supply. 

New sources of flexibility, such as demand response,134 offer a transition pathway that 
is well-suited to city-scale power. Electric vehicles and buildings are concentrated 
in cities and will become more dynamic participants in energy balancing. In the UK, 
demand-side flexibility in buildings could allow the system to operate with 10% less 
fossil fuel capacity, 42% less battery storage and 5% lower system costs by 2040 than 
a base case scenario. In one scenario that assumes 80% of electric vehicles are smart 
charging, UK emissions are shown to be down 96% by 2040, and the electricity system 
requires no additional fossil fuel plants. However, the importance of the national 
context should be noted: this scenario might not be the best option in all countries. 
Germany would see less of an impact because of the high levels of interconnection 
that are already in place.135 

Without a structural shift in the policy and regulatory framework governing the 
management of the electricity system, the expansion of variable renewables and 
the electrification of transport and heat will increase peak demands and volatility. 
This will be more costly to manage with traditional means than with new flexibility 
solutions. Adelaide, for example, benefits from a large-scale storage solution that can 
dispatch during the peaks of air conditioning that cause price spikes as solar power 
ebbs during the day. Inevitably, each city will need to have a strategy for how they 
manage the variability that comes with a high penetration of renewables for their 
particular electricity system conditions. 

Building in demand-side flexibility is key to lowering the costs of energy transition. 
However, the question of who will pay for this flexibility has not yet been fully addressed 
in any country. Consumers will pay more for an energy system that decarbonises more 
slowly than is technically feasible if energy market structures and governance favour 
solutions that do not fully utilise electric vehicle smart charging or demand-side 
response. Early investments today in flexibility capacity and management will reap long-
term savings, although each government will need to consider how to ensure that its 
citizens benefit from the cheapest decarbonisation options appropriate to their context. 
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THINKING ACROSS URBAN SYSTEMS 

Ensuring a reliable, affordable, clean energy supply is no longer just the role of 
energy ministries and utilities. Buildings, land use and transport are now also 
sectors that must contribute through: 

1. Maximising efficiency;

2. Decarbonising power; and 

3. Increasing electrification of heating and transport.136 

In terms of digitalisation and decentralisation, these three elements are more 
interdependent than at first they might seem. In a state like California, which 
benefits from sunny weather, efficiency is helpful for decarbonisation if timed 
to coincide with peak times of fossil fuel generation. However, timed during 
peak solar outputs, it could exacerbate the challenges for the system operator in 
balancing the system.137 The Public Utilities Commission in California has found 
that behind-the-meter batteries can increase emissions if they only optimise cost 
savings for the site, because retail tariffs have not been designed with flexibility 
capabilities in mind.138 It cannot, therefore, be assumed that simply deploying 
solar, storage and efficiency programmes will ultimately decarbonise, unless the 
right planning and operating signals are put in place to achieve those outcomes. 
On the other hand, with good coordination, the benefits of one system can 
support another. 

In the planning stages, cross-sectoral synergies may be missed because they 
require coordination across different scales and disconnected responsible parties. 
For example, local governments might be responsible for spatial planning for 
electric vehicle charging, while national housing ministries might be responsible 
for building codes that determine whether electric charging infrastructure, solar 
panels and parking spaces are provided for residents. National or state utilities 
might be responsible for providing adequate capacity from a national perspective, 
but city governments might invest heavily in distributed energy generation that is 
not taken into account, creating challenges for local and national energy operators 
in managing these distributed renewable energy resources. 

It is more important than ever for national governments to consider the broader 
energy system context in which power supply technologies are being built so that 
recovering initial costs and managing the system in real time is as cost-effective as 
possible. Appropriate, rapidly evolving data sharing and utilisation frameworks 
will be needed. As the electrification of transport and heat becomes more affordable, 
these will provide opportunities for more consumer-focused system analyses to 
improve the performance of energy systems. 

https://urbantransitions.global/


URBAN ENERGY AND THE CLIMATE EMERGENCY | 36

OPPORTUNITIES FOR NATIONAL AND CITY GOVERNMENT 
COLLABORATION

Although decentralisation is under way, ensuring that the process delivers 
decarbonisation is not a given. Decentralised assets, particularly as heat and 
transport are further decarbonised, will not provide the flexibility value to the 
national system unless the incentives are set up to ensure that they can. This in 

turn could have knock-on effects for balancing the system 
with higher carbon back-up generation, or transmission 
and distribution upgrades that could be avoided. For cities 
that have set net-zero targets, if utilities do not provide 
alternatives to high-carbon power, cities will seek out 
alternate ways to get it. For utility companies, system 
utilisation is the only way to recover costs; their role in 
reducing risk for consumers will be compromised if they 
cannot ensure this. Although private sector participation 
in providing electricity is already happening in many 
markets, coordination by national and city governments 
will be critical to ensure that citizens are not disadvantaged 
by the transitions. 

If national and city governments work together, they 
can ensure there is more focus on decarbonisation at all 
stages of the deployment of technologies, from financing 

through to operations. Without collaboration, there are a number of real risks in the 
transition – some of which are already being felt. Luckily, there are also benefits 
of collaboration in the development and operation of electricity systems between 
national and city governments, as explored below. 

• Performance outcomes, such as lowering costs and carbon, will be enabled 
by digital technologies that sense, monitor and manage the electricity 
system from the planning stage through to system operation. The World 
Bank is already using a software platform to validate mini-grid connections 
to enable performance-based financing in Nigeria, where connections 
cannot realistically be validated in person. Cities can do this at scale, 
through timely location-based tracking of decentralised energy assets and 
buildings. Local electricity network operators can achieve better asset 
management; geographic information system (GIS) mapping helps identify 
sector-coupling opportunities and allows realistic planning, such as where to 
site electric vehicle charging to avoid grid congestion;140 and national and city 
governments can ensure that daily operations are meeting their climate goals 
(Hamburg already provides real-time emissions data which would enable 
such benefits).141

If national and city 
governments work 

together, they can ensure 
there is more focus on 
decarbonisation at all 

stages of the deployment 
of technologies, from 
financing through to 

operations.
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• Continuous innovation is more possible than ever given the data that can be 
shared and utilised to advance programmes. Cities need national frameworks 
to scale up and transfer successful initiatives. Information sharing is a first 
step to achieving this replication. But real-time learning opportunities are 
also possible. In Shenzhen, taxi drivers were using their batteries in inefficient 
ways, which reduced vehicle mileage. However, a way for drivers to discuss 
the issues was designed in order to investigate and improve the situation, 
and continue to rollout the taxis until full fleet electrification was achieved.142 
Indeed, real-time access to data for innovation is a key priority for the energy 
industry in advanced markets such as the US and Australia.143 It should pave 
the way for governments and individual citizens in cities to become more 
active electricity market participants. 

• Co-benefits will be accrued beyond energy system value, such as avoiding 
costly road works (if networks do not need to be reinforced), avoiding 
greenhouse gas emissions and making businesses resilient to outages. 
Citizens may also care about capturing local economic value, air quality 
improvements, avoiding price volatility and other concerns that their 
politicians at national and city levels will be keen to represent. 

City planners and those living in cities should harness and embrace the three Ds 
as a potential way to increase liveability, health and prosperity. Decentralised 
electricity systems can be utilised to not only provide affordable, clean options for 
energy services, but increasingly multi-modal methods of transportation, better air 
quality, and positive knock-on effects for food, water and waste systems. National 
governments should provide overall policy frameworks and collaborate with city 
governments to facilitate this.
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Looking forward

The consumption of electricity in cities is of vital national interest, enabling 
city dwellers to contribute 70% of the world’s GDP and live in dynamic urban 
societies. The centrality of electricity to urban economies will increase as heating 
and transport are electrified to advance the decarbonisation of energy systems. 
The populations and built infrastructure density in cities provides potential for 
the rapid spread of digital connectivity, as well as a concentration of distributed 
energy assets. Cities are, therefore, where synergies between the three Ds can best 
be exploited to accelerate the transition to renewable electricity systems. Thus 
national governments must recognise the potential role of their cities in guiding 
and responding to the three Ds to shape their country’s energy transition. Our 
subsequent paper explores how national governments can make the most of the 
opportunities cities create for accelerating energy transitions.

The frameworks set out in this paper should facilitate the national-urban 
discussion. The three D transition in each city will have a different starting point, 
depending on current exposure to the megatrends and the electricity market 
structure. How city governments can decarbonise, decentralise and digitalise their 
electricity systems will vary significantly. For example, the differences between 
those operating their own utilities and those that are wholly dependent on national 
governments, regulators and utilities are huge. The optimal electricity transition 
pathway for any city is thus highly context-dependent and relies on multiple 
factors, including the availability of financing, the pace of the transition needed, 
institutional norms and administrative capacity.144 

Those managing electricity transitions and future electricity systems will need to 
consider the role of city governments and the nature of urban citizen participation 
in the electricity system, as prosumers and creators of valuable data for system 
management, not only as consumers. Thus appropriate, coherent policy and 
regulatory frameworks at national and city level will be needed to effectively 
facilitate the three Ds in cities, help meet their targets and prevent global warming. 

6.
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  Population
(2018)
’000 1

RE share of 
electricity 
generated 
(national)
(2015) 2

Per capita 
electricity 
consumption
(national)
(kWh)
(2014)  3

ICT 
Development 
Index 
(2017) 4

Consumption 
GWh 
(most recent 
year for city)

Adelaide 1,320 48.5% 10,059 8.24 15,319
(2017/18) 5

Austin 1,914 13.2% 12,984 8.18 13,410 
(2018) 6

Cape Town 4,430 2.3% 4,198 4.96 13,081
(2015/16) 7

Dar es Salaam 6,048 34.2% 99 1.81 2,973
(2015) 8

Hamburg 1,793 29.2% 7,035 8.39 11,900
(2018) 9

Kampala 2,986 93.7% 215 2.19 1,790
(2014) 10

Kitakyushu 960 16.0% 7,820 8.43 N/A

London 9,046 24.8% 5,130 8.65 38,101
(2017) 11

New Delhi 28,514 15.3% 806 3.03 31,825
(2017/18) 12

Shenzhen 11,908 23.9% 3,927 5.60 595,900
(2017) 13

Note: New figures from the UK Department for Business, Energy & Industrial Strategy show that the renewable 
share of electricity generation in the UK was 36.9% in 2019. For the most timely updates see: https://www.gov.
uk/government/statistics/energy-trends-section-6-renewables

Sources: 
1 United Nations Department for Economic and Social Affairs, 2018. The World’s Cities in 2018: Data Booklet. UN, 
New York. Available at: https://www.un-ilibrary.org/human-settlements-and-urban-issues/
the-world-s-cities-in-2018_c93f4dc6-en.

ANNEX 1: KEY STATISTICS FOR 10 CITIES

There is a lack of independently verified city-level data with consistently defined 
baselines, geographic boundaries, or definitions of distributed energy generation.
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2 World Bank Data, 2019. Renewable electricity output (% of total electricity output). Available at: https://data.
worldbank.org/indicator/EG.ELC.RNEW.ZS.

3 World Bank Data, 2019. Electric power consumption (kWh per capita). Available at: https://data.worldbank.org/
indicator/EG.USE.ELEC.KH.PC. 

4 ITU, 2017a. Measuring the Information Society Report: Volume 1. International Telecommunication Union, 
Geneva. Available at: https://www.itu.int/en/publications/ITU-D/pages/publications.
aspx?parent=D-IND-ICTOI-2018&media=paper.

5 South Australia data: Department of the Environment and Energy, 2019. Australian Energy Statistics, Table L. 
Available at: https://www.energy.gov.au/government-priorities/energy-data/australian-energy-statistics. 

6 Austin Energy, 2019. Performance Report. City of Austin, Austin. Available at: https://data.austintexas.gov/
stories/s/82cz-8hvk.

7 Department of Environmental Affairs and Development Planning, 2018. Energy Consumption and CO2 Emission 
Database for the Western Cape. Western Cape Government, Cape Town. Available at: https://www.westerncape.
gov.za/energy-security-game-changer/news/western-cape-energy-consumption-co2-emission-database.

8 Ministry of Energy and Minerals, 2016. Power System Master Plan: 2016 Update. Government of the United 
Republic of Tanzania, Dar es Salaam. Available at: http://www.tanesco.co.tz/index.php/investments/
investment-report/22-power-system-master-plan-2012-update.

9 City of Hamburg, 2019. Energieportal Hamburg: Hamburg at a glance. Available at: http://www.energieportal-
hamburg.de/distribution/energieportal/Index.action?locale=en.

10  Kampala Capital City Authority, 2015. Kampala Climate Change Action: Energy and Climate profile. Kampala 
Capital City Authority, Kampala. Available at: https://www.kcca.go.ug/?jsp=climate_change_strategy.

11 Department for Business, Energy & Industrial Strategy, 2019. Sub-National Electricity and Gas Consumption 
Summary Report 2018. United Kingdom Government, London. Available at: https://www.gov.uk/government/
statistics/sub-national-electricity-and-gas-consumption-summary-report-2018. 

12 Central Electricity Authority, 2018. Load Generation Balance Report 2018–19. Government of the Republic of 
India, New Delhi. Available at: http://cea.nic.in/annualreports.html.

13 Guangdong data: National Bureau of Statistics of China, 2019. China Statistical Yearbook 2018. Table 9–14: 
Electricity consumption by region. Government of the People’s Republic of China, Beijing. Available at: 
http://www.stats.gov.cn/tjsj/ndsj/2018/indexeh.htm.

https://data.worldbank.org/indicator/EG.ELC.RNEW.ZS
https://data.worldbank.org/indicator/EG.ELC.RNEW.ZS
https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC
https://data.worldbank.org/indicator/EG.USE.ELEC.KH.PC
https://www.itu.int/en/publications/ITU-D/pages/publications.aspx?parent=D-IND-ICTOI-2018&media=paper
https://www.itu.int/en/publications/ITU-D/pages/publications.aspx?parent=D-IND-ICTOI-2018&media=paper
https://www.energy.gov.au/government-priorities/energy-data/australian-energy-statistics
https://data.austintexas.gov/stories/s/82cz-8hvk
https://data.austintexas.gov/stories/s/82cz-8hvk
https://www.westerncape.gov.za/energy-security-game-changer/news/western-cape-energy-consumption-co2-emission-database
https://www.westerncape.gov.za/energy-security-game-changer/news/western-cape-energy-consumption-co2-emission-database
http://www.energieportal-hamburg.de/distribution/energieportal/Index.action?locale=en
http://www.energieportal-hamburg.de/distribution/energieportal/Index.action?locale=en
https://www.kcca.go.ug/?jsp=climate_change_strategy
https://www.gov.uk/government/statistics/sub-national-electricity-and-gas-consumption-summary-report-2018
https://www.gov.uk/government/statistics/sub-national-electricity-and-gas-consumption-summary-report-2018
http://www.stats.gov.cn/tjsj/ndsj/2018/indexeh.htm


URBANTRANSITIONS.GLOBAL | 41

REFERENCES

1 IPCC, 2018. Global Warming of 1.5°C. An IPCC Special Report on the impacts of global warming 

of 1.5°C above pre-industrial levels and related global greenhouse gas emission pathways, in 

the context of strengthening the global response to the threat of climate change, sustainable 

development, and efforts to eradicate poverty. Intergovernmental Panel on Climate Change, 

Geneva. Available at: https://www.ipcc.ch/sr15.

2 IEA, 2019a. CO2 Emissions Statistics. International Energy Agency, Paris. Available at: 

https://www.iea.org/subscribe-to-data-services/co2-emissions-statistics. 

3 IPCC, 2018. Global Warming of 1.5°C.

4 UN DESA, 2018. The World’s Cities in 2018: Data Booklet. UN, New York. 

Available at: https://www.un-ilibrary.org/human-settlements-and-urban-issues/

the-world-s-cities-in-2018_c93f4dc6-en.

5 Dobbs, R., Smit, S., Remes, J., Manyika, J., Roxburgh, C. and Restrepo, A., 2011. 

Urban world: Mapping the economic power of cities. McKinsey Global Institute. 

Available at: https://www.mckinsey.com/featured-insights/urbanization/

urban-world-mapping-the-economic-power-of-cities.

6 IEA, 2016. Technology Perspectives 2016. International Energy Agency, Paris. Available at: 

https://www.iea.org/reports/energy-technology-perspectives-2016.

7 Moran, D., Kanemoto, K., Jiborn, M., Wood, R., Többen, J. and Seto, K.C., 2018. Carbon footprints 

of 13,000 cities. DOI: 10.1088/1748-9326/aac72a.

8 UN DESA, 2018. World Urbanization Prospects: The 2018 Revision. United Nations Department of 

Economic and Social Affairs, New York. Available at: https://population.un.org/wup/Publications.

9 Forum for the Future, 2017. Wise Minds: The energy transition and large utilities. Forum 

for the Future, London. Available at: https://www.forumforthefuture.org/Pages/Category/

publication-library.

10 UN-Habitat and OECD, 2018. Global State of National Urban Policy. United Nations Human 

Settlements Programme, Nairobi. Available at: https://www.oecd.org/regional/global-state-of-

national-urban-policy-9789264290747-en.htm.

11 Coalition for Urban Transitions, 2019. Climate Emergency, Urban Opportunity. Coalition for 

Urban Transitions, London. Available at: https://urbantransitions.global/urban-opportunity/.

12 UN-Habitat and OECD, 2018. Global State of National Urban Policy.

https://urbantransitions.global/
https://www.ipcc.ch/sr15
https://www.iea.org/subscribe-to-data-services/co2-emissions-statistics
https://www.un-ilibrary.org/human-settlements-and-urban-issues/the-world-s-cities-in-2018_c93f4dc6-en
https://www.un-ilibrary.org/human-settlements-and-urban-issues/the-world-s-cities-in-2018_c93f4dc6-en
https://www.mckinsey.com/featured-insights/urbanization/urban-world-mapping-the-economic-power-of-cities
https://www.mckinsey.com/featured-insights/urbanization/urban-world-mapping-the-economic-power-of-cities
https://www.iea.org/reports/energy-technology-perspectives-2016
https://population.un.org/wup/Publications
https://www.forumforthefuture.org/Pages/Category/publication-library
https://www.forumforthefuture.org/Pages/Category/publication-library
https://www.oecd.org/regional/global-state-of-national-urban-policy-9789264290747-en.htm
https://www.oecd.org/regional/global-state-of-national-urban-policy-9789264290747-en.htm
https://urbantransitions.global/urban-opportunity/


URBAN ENERGY AND THE CLIMATE EMERGENCY | 42

13 IEA, 2018. World Energy Outlook 2018. International Energy Agency, Paris. Available at: https://

www.iea.org/reports/world-energy-outlook-2018.

14 Fuhr, H., Hickmann, T. and Kern, K., 2018. The role of cities in multi-level climate governance: 

local climate policies and the 1.5°C target. Current Opinion in Environmental Sustainability, 30. 

1-6. DOI: 10.1016/j.cosust.2017.10.006.

15 Rutherford, J. and Coutard, O., 2014. Urban energy transitions: Places, processes and politics of 

socio-technical change. Urban Studies, 51(7). 1353-1377. DOI: 10.1177/0042098013500090.

16 REN21, 2019a. Renewables 2019 Global Status Report. REN21, Paris. Available at: 

http://www.ren21.net/gsr-2019/.

17 IRENA, 2016. Renewable Energy in Cities. International Renewable Energy Agency, Abu Dhabi. 

Available at: https://www.irena.org/publications/2016/Oct/Renewable-Energy-in-Cities.

18 Bulkeley, H., McGuirk, P.M. and Dowling, R., 2016. Making a smart city for the smart grid? 

Urban material politics of actualising smart electricity networks. Environment and Planning A: 

Economy and Space, 48(9). 1709-1726. DOI: 10.1177/0308518X16648152.

19 WRI, 2020. Cities renewables accelerator. Available at: https://www.wri.org/our-work/project/

clean-energy/cities-renewables-accelerator.

20 UN DESA, 2018. The World’s Cities in 2018. 

21 Sovacool, B. and Geels, F.W., 2016. Further reflections on the temporality of energy transitions: a 

response to critics. Energy Research & Social Science, 22. 232-237. DOI: 10.1016/j.erss.2016.08.013.

22 Farrell, J., 2019. Is Bigger Best in Renewable Energy? Institute for Local Self-Reliance. Available 

at: https://ilsr.org/report-is-bigger-best/.

23 Sustainable Energy for All and Power for All, 2017. Why Wait? Seizing the Energy Access Dividend. 

Available at: https://www.seforall.org/publications/why-wait-seizing-the-energy-access-dividend.

24 REN21, 2019a. Renewables 2019 Global Status Report.

25 IEA, 2018. World Energy Outlook 2018. International Energy Agency, Paris. Available at: 

https://www.iea.org/reports/world-energy-outlook-2018.

26 IEA, 2018. World Energy Outlook 2018.

27 The IPCC AR5, using 2010 data, estimates 35% of total emissions from the energy supply sector, 

21% from industry, 14% from transport and 6.4% from buildings. Most emissions from industry, 

transport and buildings are energy-related. Energy-related emissions accounted for 78% of total 

emissions (excluding LULUCF) in 2014. Available at: http://cait.wri.org.

http://www.ren21.net/gsr-2019/
https://www.irena.org/publications/2016/Oct/Renewable-Energy-in-Cities
https://www.wri.org/our-work/project/clean-energy/cities-renewables-accelerator
https://www.wri.org/our-work/project/clean-energy/cities-renewables-accelerator
http://10.1016/j.erss.2016.08.013
https://ilsr.org/report-is-bigger-best/
https://www.seforall.org/publications/why-wait-seizing-the-energy-access-dividend
https://www.iea.org/reports/world-energy-outlook-2018
http://cait.wri.org


URBANTRANSITIONS.GLOBAL | 43

28 REN21, 2019a. Renewables 2019 Global Status Report.

29 The share of renewables in the world’s electricity supply will need to be between 59% and 97% 

by 2050 to achieve the 1.5°C global heating goal: IPCC, 2018. Global Warming of 1.5°C.

30 IPCC, 2018. Global Warming of 1.5°C.

31 BNEF, 2018. New Energy Outlook 2018. Bloomberg New Energy Finance. Available at: 

https://about.bnef.com/new-energy-outlook/.

32 BNEF, 2018. New Energy Outlook 2018.

33 IEA, 2016. Technology Perspectives 2016.

34 Wood, E., 2018. What’s Driving Microgrids toward a $30.9B Market? Available at: 

https://microgridknowledge.com/microgrid-market-navigant/.

35 BNEF, 2018. New Energy Outlook 2018.

36 Energy Information Administration, 2018. Average frequency and duration of electric distribution 

outages vary by states. Available at: https://www.eia.gov/todayinenergy/detail.php?id=35652#. 

37 World Bank Enterprise Surveys, 2020. Available at: https://www.enterprisesurveys.org/. 

38 NESCAUM, 2003. Stationary Diesel Engines in the Northeast: An Initial Assessment of the 

Regional Population, Control Technology Options and Air Quality Policy Issues. Northeast States 

for Coordinated Air Use Management, Boston. Available at: https://www.nescaum.org/activities/

major-reports.

39 Belaunde, M., David, A., Karim, O., Lou, J. and Nam, E., 2019. Decentralised Power: Diesel to 

Renewables: A Case Study of Nigeria. Overseas Development Institute and University College, 

London.

40 Steinbuks, J. and Foster, V., 2010. When do firms generate? Evidence on in-house electricity 

supply in Africa. Energy Economics, 32(2010). 505–514. DOI: 10.1016/j.eneco.2009.10.012.

41 Grand View Research, 2018. Diesel Generators Market Worth $21.37 Billion By 2022. Available 

at: https://www.grandviewresearch.com/press-release/global-diesel-genset-market.

42 McKinsey Center for Business and Environment and C40 Cities, 2017. Focused acceleration: 

A strategic approach to climate action in cities to 2030. Available at: https://www.c40.org/

research.

https://urbantransitions.global/
https://about.bnef.com/new-energy-outlook/
https://microgridknowledge.com/microgrid-market-navigant/
https://www.eia.gov/todayinenergy/detail.php?id=35652#
https://www.enterprisesurveys.org/
https://www.nescaum.org/activities/major-reports
https://www.nescaum.org/activities/major-reports
https://www.sciencedirect.com/science/article/pii/S0140988309001959?via%3Dihub
https://www.grandviewresearch.com/press-release/global-diesel-genset-market
https://www.c40.org/research
https://www.c40.org/research


URBAN ENERGY AND THE CLIMATE EMERGENCY | 44

43 Greenhouse Gas Protocol, 2020. Available at: https://ghgprotocol.org/.  

44 IEA, 2017. Digitalisation and Energy. Page 25. Available at: https://www.iea.org/reports/

digitalisation-and-energy.

45 Foster, V., Witte, S., Banerjee, S. G. and Moreno, A., 2017. Charting the Diffusion of Power Sector 

Reforms across the Developing World. Policy Research Working Paper 8235. Washington, 

The World Bank. http://documents.worldbank.org/curated/en/576801510076208252/pdf/

WPS8235.pdf.  

46 Foster et al., 2017. Charting the Diffusion of Power Sector Reforms across the Developing World.

47 IEA, 2019a. CO2 Emissions Statistics.

48 Arent, D., Logan, J., Zhou, E., Rose, A., Chernyakhovskiy, I., Statwick, P., Zinaman, O., 

Bhugwandin, K., Coronado, C., Peirano, M., Martinez-Conde del Campo, F., de Mello Muller, 

G., Pereira de Araujo, Renato, M.C., Simoes Machado, H., Ivanoski Teixeira, T. and Ramones 

Fernandez, F.N., 2019. Ten Principles for Power Sector Transformation in Emerging Economies. 

21st Century Power Partnership. Available at: https://www.osti.gov/servlets/purl/1523610.

49 IEA, 2019a. CO2 Emissions Statistics.

50 Pavarini, C., 2019. Battery storage is (almost) ready to play the flexibility game. Available at: 

https://www.iea.org/newsroom/news/2019/february/battery-storage-is-almost-ready-to-play-

the-flexibility-game.html.

51 IEA, 2019b. Status of Power System Transformation 2019: Power system flexibility. 

International Energy Agency, Paris. Available at: https://webstore.iea.org/

status-of-power-system-transformation-2019-power-system-flexibility.

52 Joos, M. and Staffell, I., 2018. Short-term integration costs of variable renewable energy: Wind 

curtailment and balancing in Britain and Germany. Renewable and Sustainable Energy Reviews, 

86. 45-65. DOI: 10.1016/j.rser.2018.01.009.

53 BNEF, 2019. New Energy Outlook 2019. Bloomberg New Energy Finance. Available at: https://

about.bnef.com/new-energy-outlook/.

McKinsey, 2019. Global Energy Perspective 2019. Available at: https://www.mckinsey.com/

industries/oil-and-gas/our-insights/global-energy-perspective-2019.

54 IRENA, 2017. Electricity storage and renewables: Costs and markets to 2030. International 

Renewable Energy Agency, Abu Dhabi. Available at: https://www.irena.org/publications/2017/

Oct/Electricity-storage-and-renewables-costs-and-markets.

55 IRENA, 2017. Electricity storage and renewables.

https://ghgprotocol.org/
https://www.iea.org/reports/digitalisation-and-energy
https://www.iea.org/reports/digitalisation-and-energy
http://documents.worldbank.org/curated/en/576801510076208252/pdf/WPS8235.pdf
http://documents.worldbank.org/curated/en/576801510076208252/pdf/WPS8235.pdf
https://www.osti.gov/servlets/purl/1523610
https://www.iea.org/newsroom/news/2019/february/battery-storage-is-almost-ready-to-play-the-flexibility-game.html
https://www.iea.org/newsroom/news/2019/february/battery-storage-is-almost-ready-to-play-the-flexibility-game.html
https://webstore.iea.org/status-of-power-system-transformation-2019-power-system-flexibility
https://webstore.iea.org/status-of-power-system-transformation-2019-power-system-flexibility
https://www.sciencedirect.com/science/article/pii/S1364032118300091?via%3Dihub
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2019
https://www.mckinsey.com/industries/oil-and-gas/our-insights/global-energy-perspective-2019
https://www.irena.org/publications/2017/Oct/Electricity-storage-and-renewables-costs-and-markets
https://www.irena.org/publications/2017/Oct/Electricity-storage-and-renewables-costs-and-markets


URBANTRANSITIONS.GLOBAL | 45

56 IRENA, 2017. Electricity storage and renewables.

57 REN21, 2019b. Renewables in Cities Global Status Report 2019. Available at: https://www.ren21.

net/wp-content/uploads/2019/05/REC-2019-GSR_Full_Report_web.pdf.

58 Dimsdale, T., Skillings, S. and Dufour, M., 2015. Harnessing Demand Side Resources in Electricity 

Markets evidence from The United States. Briefing Paper. E3G, London. Available at: https://www.

e3g.org/docs/E3G_Harnessing_Demand_Side_Resources_in_Electricity_Markets_040615.pdf

59 DSOs in the United Kingdom are using the Piclo platform for procurement https://picloflex.com/.

60 The selected cities were all large; smaller cities may face different transition opportunities and 

challenges, though the three Ds will still be relevant.

61 The data on decentralisation were sourced from city-specific literature because there are no 

relevant international datasets. There may be differences in how the figures were compiled for 

each city.

62 The ICT Development Index uses 11 indicators to measure ICT access, use and skills.

63 Moderate decentralisation is taken to mean 20–30% of electricity from decentralised renewable 

generation within the city.

64 Moderate digitalisation is taken to mean an ICT Development Index score between 3 and 7.

65 Australian Energy Market Operator, 2018. South Australian Electricity Report. Available at: 

https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/SA_

Advisory/2018/2018-South-Australian-Electricity-Report.pdf.

66 AEMO, 2018. South Australian Electricity Report.

67 Adelaide’s relatively low density makes battery storage within the city a more attractive 

prospect than in high-cost, dense mega-cities, such as London.

68 Austin Energy, 2020. Residential electric rates. Available at: https://austinenergy.com/ae/

residential/rates/residential-electric-rates-and-line-items.

69 UN DESA, 2018. The World’s Cities in 2018.

70 ITU, 2017a. Measuring the Information Society Report.

71 Austin Energy, 2019. Who We Are: Austin Energy by the Numbers. Available at: 

https://austinenergy.com/ae/about/company-profile/numbers. 

https://urbantransitions.global/
https://www.ren21.net/wp-content/uploads/2019/05/REC-2019-GSR_Full_Report_web.pdf
https://www.ren21.net/wp-content/uploads/2019/05/REC-2019-GSR_Full_Report_web.pdf
https://www.e3g.org/docs/E3G_Harnessing_Demand_Side_Resources_in_Electricity_Markets_040615.pdf
https://www.e3g.org/docs/E3G_Harnessing_Demand_Side_Resources_in_Electricity_Markets_040615.pdf
https://picloflex.com/
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/SA_Advisory/2018/2018-South-Australian-Electricity-Report.pdf
https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/SA_Advisory/2018/2018-South-Australian-Electricity-Report.pdf
https://austinenergy.com/ae/residential/rates/residential-electric-rates-and-line-items
https://austinenergy.com/ae/residential/rates/residential-electric-rates-and-line-items
https://austinenergy.com/ae/about/company-profile/numbers


URBAN ENERGY AND THE CLIMATE EMERGENCY | 46

72 Austin Energy, 2017. Austin Energy Resource, Generation and Climate Protection Plan 

to 2027. Available at: https://austinenergy.com/ae/about/reports-and-data-library/

generation-resource-planning-update.

73 UN DESA, 2018. The World’s Cities in 2018.

74 Western Cape Government, 2018. Energy Consumption and CO2 Emission Database for Western 

Cape.

75 IEA, 2019c. Africa Energy Outlook 2019. International Energy Agency, Paris. Available at: 

https://www.iea.org/articles/south-africa-energy-outlook.

76 Cape Town Green Map. Available at: https://www.capetowngreenmap.co.za/12-go-green/

smart-living/energy/7-energy.

77 City of Cape Town, 2019. Electricity Tariff FAQs. City of Cape Town, Cape Town. Available at: 

https://www.capetown.gov.za/document-centre.

78 Somdyala, K., 2019. City of Cape Town to petition court to allow electricity purchases 

from IPPs. News 24. Available at: https://www.news24.com/SouthAfrica/News/

city-of-cape-town-to-petition-court-to-allow-electricity-purchases-from-ipps-20190226.

79 Department of Energy, 2019. Integrated Resource Plan 2019. Government Gazette, 652(42784). 

Available at: http://www.gpwonline.co.za/Gazettes/Pages/Published-Gazettes.aspx.

80 City of Cape Town, 2018. State of Cape Town 2018. City of Cape Town, Cape Town. Available at: 

http://www.capetown.gov.za/Document-centre.

81 ITU, 2017a. Measuring the Information Society Report, Volume 1. International 

Telecommunication Union, Geneva. Available at: https://www.itu.int/en/ITU-D/Statistics/Pages/

publications/mis2017.aspx.

82 ITU, 2017b. Measuring the Information Society Report, Volume 2. International 

Telecommunication Union, Geneva. Available at: https://www.itu.int/en/ITU-D/Statistics/Pages/

publications/mis2017.aspx.

83 GSMA, 2019. Digital transformation in Tanzania: The role of mobile technology and impact 

on development goals. GSMA, London. Available at: https://www.gsmaintelligence.com/

research/?file=783bb9b0ab8e6e53361607a838d25dcb.

84 UN DESA, 2018. The World’s Cities in 2018.

85 BNEF, 2018. Climatescope 2018: Tanzania. Available at: http://global-climatescope.org/results/

tz#clean-energy-investment.

https://austinenergy.com/ae/about/reports-and-data-library/generation-resource-planning-update
https://austinenergy.com/ae/about/reports-and-data-library/generation-resource-planning-update
https://www.iea.org/articles/south-africa-energy-outlook
https://www.capetowngreenmap.co.za/12-go-green/smart-living/energy/7-energy
https://www.capetowngreenmap.co.za/12-go-green/smart-living/energy/7-energy
https://www.capetown.gov.za/document-centre
https://www.news24.com/SouthAfrica/News/city-of-cape-town-to-petition-court-to-allow-electricity-purchases-from-ipps-20190226
https://www.news24.com/SouthAfrica/News/city-of-cape-town-to-petition-court-to-allow-electricity-purchases-from-ipps-20190226
http://www.gpwonline.co.za/Gazettes/Pages/Published-Gazettes.aspx
http://www.capetown.gov.za/Document-centre
https://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2017.aspx
https://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2017.aspx
https://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2017.aspx
https://www.itu.int/en/ITU-D/Statistics/Pages/publications/mis2017.aspx
https://www.gsmaintelligence.com/research/?file=783bb9b0ab8e6e53361607a838d25dcb
https://www.gsmaintelligence.com/research/?file=783bb9b0ab8e6e53361607a838d25dcb
http://global-climatescope.org/results/tz#clean-energy-investment
http://global-climatescope.org/results/tz#clean-energy-investment


URBANTRANSITIONS.GLOBAL | 47

86 EDMI, 2020. Reference Cases: Prepayment Metering in Tanzania. Available at: https://www.edmi-

meters.com/americas/reference-cases/#prepayment-metering. 

87 Appunn, K., Haas, Y. and Wettengel, J., 2019. Germany’s energy consumption and power 

mix in charts. Clean Energy Wire. Available at: https://www.cleanenergywire.org/factsheets/

germanys-energy-consumption-and-power-mix-charts.

88 ITU, 2017a. Measuring the Information Society Report.

89 Germany has multiple power producers, four regional transmission companies and over 800 

distribution system operators.

90 Energieportal Hamburg, 2020. Available at: http://www.energieportal-hamburg.de/distribution/.

91 KPMG and Bocconi University, 2018. Study on State asset management in the EU: Pillar 4–

Re-municipalisation of energy grids in Germany. European Commission DG for Economic and 

Financial Affairs, Brussels. Available at: https://ec.europa.eu/info/sites/info/files/economy-

finance/dg_ecfin_am_final_draft_pillar_4_re-muni.pdf.

92 NEW 4.0, 2017. Innovation alliance of Hamburg and Schleswig-Holstein for the energy system 

of the future. NEW 4.0, Hamburg. Available at: www.haw-hamburg.de/fileadmin/user_upload/

Forschung/CC4E/NEW_4.0/170126_Broschuere_NEW-4.0_EN2.pdf.

93 Department of Business, Energy & Industrial Strategy, 2019. UK Electricity generation, trade and 

consumption April to June 2019. United Kingdom Government, London. Available at: 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/

file/834119/Electricity_September_2019.pdf.

94 ITU, 2017a. Measuring the Information Society Report.

95 UN DESA, 2018. The World’s Cities in 2018.

96 UMEME, 2017. Integrated Annual Report 2017. Umeme, Kampala. Available at: https://www.

umeme.co.ug/investor-relations/reports.

97 Uganda Off-grid Market Accelerator, 2018. Mapping the Ugandan off-grid energy market. 

Available at: https://uoma.ug/mapping-the-ugandan-off-grid-energy-market-2019-edition/.

98 World Bank Enterprise Survey for Uganda, 2013. Available at: https://www.enterprisesurveys.

org/en/data/exploreeconomies/2013/uganda#infrastructure.

99 Kampala Capital City Authority, 2016. Kampala Climate Change Action Strategy.

https://urbantransitions.global/
https://www.edmi-meters.com/americas/reference-cases/#prepayment-metering
https://www.edmi-meters.com/americas/reference-cases/#prepayment-metering
https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts
https://www.cleanenergywire.org/factsheets/germanys-energy-consumption-and-power-mix-charts
http://www.energieportal-hamburg.de/distribution/
https://ec.europa.eu/info/sites/info/files/economy-finance/dg_ecfin_am_final_draft_pillar_4_re-muni.pdf
https://ec.europa.eu/info/sites/info/files/economy-finance/dg_ecfin_am_final_draft_pillar_4_re-muni.pdf
http://www.haw-hamburg.de/fileadmin/user_upload/Forschung/CC4E/NEW_4.0/170126_Broschuere_NEW-4.0_EN2.pdf
http://www.haw-hamburg.de/fileadmin/user_upload/Forschung/CC4E/NEW_4.0/170126_Broschuere_NEW-4.0_EN2.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/834119/Electricity_September_2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/834119/Electricity_September_2019.pdf
https://www.umeme.co.ug/investor-relations/reports
https://www.umeme.co.ug/investor-relations/reports
https://uoma.ug/mapping-the-ugandan-off-grid-energy-market-2019-edition/
https://www.enterprisesurveys.org/en/data/exploreeconomies/2013/uganda#infrastructure
https://www.enterprisesurveys.org/en/data/exploreeconomies/2013/uganda#infrastructure


URBAN ENERGY AND THE CLIMATE EMERGENCY | 48

100 IGES (2018). Kitakyushu City the Sustainable Development Goals Report. Available at: 

https://iges.or.jp/en/vlr/kitakyushu.

101 UN DESA, 2018. The World’s Cities in 2018.

102 International Trade Administration, 2016. 2016 Top Markets Report Smart Grid Country Case 

Study. U.S. Government, Washington, DC. Available at: https://www.trade.gov/topmarkets/pdf/

Smart_Grid_Japan.pdf.

103 IGES, 2016. Involvement of the Local Government in the Local Production for Local Consumption 

of Energy. Institute for Global Environmental Strategies, Kitakyushu City. Available at: 

https://www.iges.or.jp/en/pub/involvement-local-government-local-production/en.

104 City of Kitakyushu, 2019. Kitakyushu Initiative for SDGs Promotion. Presentation. Available at: 

https://isap.iges.or.jp/2019/pdf/TT1-1-3_Mr.%20Kazuhide%20Umemoto_Kitakyushu%20city_FIN.pdf.

105 Regional Energy Promotion Department, no date. Next Generation Energy Kitakyushu. 

Kitakyushu Environmental Department, Kitakyushu. Available at: https://www.kitaq-ecotown.

com/docs/nextgen-pamphlet-en-2019.pdf.

106 International Smart Grid Action Network, 2014. CE&E Case: Japan. Available at: http://www.iea-

isgan.org/cee-case07-japan/. 

107 Sasakura, T., 2015. Result of the Kitakyushu Smart Community Creation Project. Presentation 

at Smart Community Summit 2015. Available at: https://www.smart-japan.org/english/vcms_cf/

files/Kitakyushu_Project_English.pdf.

108 Department of Business, Energy and Industrial Strategy, 2019. UK Electricity generation, trade 

and consumption April to June 2019.

109 Ofgem, 2020. Factsheet 59, Electricity generation facts and figures, available at: https://www.

ofgem.gov.uk/ofgem-publications/76160/13537-elecgenfactsfspdf.

110 ITU, 2017a. Measuring the Information Society Report.

111 Information about the National Grid’s Future Energy Scenarios available at: http://fes.nationalgrid.com/.

112 South Australia Government’s website with information on solar photovoltaic 

systems and battery storage: https://www.sa.gov.au/topics/energy-and-environment/

energy-efficient-home-design/solar-photovoltaic-systems.

113 UN DESA, 2016. The World’s Cities in 2016, Statistical Papers – United Nations (Ser. A), 

Population and Vital Statistics Report. United Nations, New York. Available at: https://www.

un-ilibrary.org/population-and-demography/the-world-s-cities-in-2016_8519891f-en.

https://iges.or.jp/en/vlr/kitakyushu
https://www.trade.gov/topmarkets/pdf/Smart_Grid_Japan.pdf
https://www.trade.gov/topmarkets/pdf/Smart_Grid_Japan.pdf
https://www.iges.or.jp/en/pub/involvement-local-government-local-production/en
https://isap.iges.or.jp/2019/pdf/TT1-1-3_Mr.%20Kazuhide%20Umemoto_Kitakyushu%20city_FIN.pdf.
https://www.kitaq-ecotown.com/docs/nextgen-pamphlet-en-2019.pdf
https://www.kitaq-ecotown.com/docs/nextgen-pamphlet-en-2019.pdf
http://www.iea-isgan.org/cee-case07-japan/
http://www.iea-isgan.org/cee-case07-japan/
https://www.smart-japan.org/english/vcms_cf/files/Kitakyushu_Project_English.pdf
https://www.smart-japan.org/english/vcms_cf/files/Kitakyushu_Project_English.pdf
https://www.ofgem.gov.uk/ofgem-publications/76160/13537-elecgenfactsfspdf.
https://www.ofgem.gov.uk/ofgem-publications/76160/13537-elecgenfactsfspdf.
http://fes.nationalgrid.com/
https://www.sa.gov.au/topics/energy-and-environment/energy-efficient-home-design/solar-photovoltaic-systems
https://www.sa.gov.au/topics/energy-and-environment/energy-efficient-home-design/solar-photovoltaic-systems
https://www.un-ilibrary.org/population-and-demography/the-world-s-cities-in-2016_8519891f-en
https://www.un-ilibrary.org/population-and-demography/the-world-s-cities-in-2016_8519891f-en


URBANTRANSITIONS.GLOBAL | 49

114 Central Electricity Authority, 2015. Growth of Electricity Sector in India from 1947–2018. 

Government of the Republic of India Centre for Science and Environment, New Delhi.

115 Information on Tata’s electricity distribution available at: https://www.tatapower-ddl.com/

Editor_UploadedDocuments/Content/TATA%20Power-DDL%20DSM%20Case%20Study%20

CEO&MD.pdf.

116 Times of India, 2018. Delhi power demand at fresh peak. Times of India. Available at: 

http://timesofindia.indiatimes.com/articleshow/64923674.cms.

117 Office of Energy Efficiency & Renewable Energy, 2015. U.S.-India Collaboration Expands Indian 

Market for U.S. Technologies, Improves Grid Reliability. Available at: https://www.energy.gov/eere/

articles/us-india-collaboration-expands-indian-market-us-technologies-improves-grid-reliabili-0.

118 BYPL, 2018. Demand Side Management. Available at: https://www.bsesdelhi.com/web/bypl/

demand-response.

119 Energy Efficiency and Renewable Energy Management Centre, 2019. Delhi Rooftop Solar Portal. 

Available at: https://solarrooftop.gov.in/delhi/.

120 Lin, J., Liu, X. and Kahrl, F., 2016. Excess Capacity in China’s Power Systems: A Regional 

Analysis. Lawrence Berkeley National Laboratory. Available at: https://www.osti.gov/servlets/

purl/1344103.

121 Lin, J. et al., 2016. Excess Capacity in China’s Power Systems.

122 Keegan, W., 2018. Shenzhen's silent revolution: world's first fully electric bus fleet quietens 

Chinese megacity. The Guardian, 12 December. Available at: https://www.theguardian.com/

cities/2018/dec/12/silence-shenzhen-world-first-electric-bus-fleet.

123 ITU, 2017a. Measuring the Information Society Report.

124 The proximity of Shenzhen and Hong Kong suggest the latter’s digitalisation status may be 

more reflective of Shenzhen than the all China score. (See for example Pater, F., 2019, in Vision 

Magazine https://www.zf.com/site/magazine/en/articles_8064.html).

125 China Southern Power Grid, 2017. 2017 Corporate Social Responsibility Report. Available at: 

http://eng.csg.cn/Social_Responsibility/Social_Responsibility_Report/.

126 IRENA, 2016. Renewable Energy in Cities.

127 Estimated from total consumption of 37,952 GWh in 2016 and an average unit price of US$0.24.

https://urbantransitions.global/
https://www.tatapower-ddl.com/Editor_UploadedDocuments/Content/TATA%20Power-DDL%20DSM%20Case%20Study%20CEO&MD.pdf
https://www.tatapower-ddl.com/Editor_UploadedDocuments/Content/TATA%20Power-DDL%20DSM%20Case%20Study%20CEO&MD.pdf
https://www.tatapower-ddl.com/Editor_UploadedDocuments/Content/TATA%20Power-DDL%20DSM%20Case%20Study%20CEO&MD.pdf
http://timesofindia.indiatimes.com/articleshow/64923674.cms
https://www.energy.gov/eere/articles/us-india-collaboration-expands-indian-market-us-technologies-improves-grid-reliabili-0
https://www.energy.gov/eere/articles/us-india-collaboration-expands-indian-market-us-technologies-improves-grid-reliabili-0
https://www.bsesdelhi.com/web/bypl/demand-response
https://www.bsesdelhi.com/web/bypl/demand-response
https://solarrooftop.gov.in/delhi/
https://www.theguardian.com/cities/2018/dec/12/silence-shenzhen-world-first-electric-bus-fleet
https://www.theguardian.com/cities/2018/dec/12/silence-shenzhen-world-first-electric-bus-fleet
https://www.zf.com/site/magazine/en/articles_8064.html
http://eng.csg.cn/Social_Responsibility/Social_Responsibility_Report/


URBAN ENERGY AND THE CLIMATE EMERGENCY | 50

128 Laclau, B., 2019. As the countdown to a new energy world intensifies, who will beat the 

clock? EY. Available at: https://www.ey.com/en_gl/power-utilities/

as-the-countdown-to-a-new-energy-world-intensifies-who-will-beat-the-clock.

129 Dodman, D., Diep, L., Colenbrander, S., 2017. Making the case for the nexus between resilience 

and resource efficiency at the city scale. International Journal of Urban Sustainable Development, 

9(2). 97-106. DOI: 10.1080/19463138.2017.1345740.

130 Rocky Mountain Institute, 2019. Creating a Profitable Balance: Capturing the $110 Billion Africa 

Power-Sector Opportunity with Planning. Rocky Mountain Institute. Available at: https://rmi.org/

insight/creating-a-profitable-balance/.

131 Fuhr et al., 2018. The role of cities in multi-level climate governance.

132 REN21, 2019. Renewable Energy in Cities Global Status Report, provides a comprehensive scan 

of hundreds of cities, their targets and the models by which renewable power is generated or 

procured by cities. Available at: https://www.ren21.net/reports/cities-global-status-report/.

133 Ofgem, 2018. Insights from running the regulatory sandbox. Ofgem, London. Available at: 

https://www.ofgem.gov.uk/publications-and-updates/insights-running-regulatory-sandbox.

134 European Commission DG Energy, 2016. Impact Assessment Study on Downstream Flexibility, 

Price Flexibility, Demand Response and Smart Metering. European Commission. Available at: 

https://ec.europa.eu/energy/sites/ener/files/documents/demand_response_ia_study_final_

report_12-08-2016.pdf.

135 BNEF, 2018. Flexibility Solutions for High-Renewable Energy Systems: United Kingdom. London: 

Bloomberg New Energy Finance. Available at: https://data.bloomberglp.com/professional/

sites/24/2018/11/UK-Flexibility-Solutions-for-High-Renewable-Energy-Systems-2018-BNEF-

Eaton-Statkraft.pdf.

136 UNEP, 2019. Emissions Gap Report 2019. Nairobi: United Nations Environment Programme. 

Available at: https://www.unenvironment.org/resources/emissions-gap-report-2019.

137 California ISO, 2013. Demand Response and Energy Efficiency Roadmap. Available at: 

https://www.caiso.com/documents/dr-eeroadmap.pdf.

138 Itron, 2018. 2017 SGIP Advanced Energy Storage Impact Evaluation. Report submitted to 

Pacific Gas and Electric Company SGIP Working Group. Available at: https://www.cpuc.ca.gov/

uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_

Programs/Demand_Side_Management/Customer_Gen_and_Storage/2017_SGIP_AES_Impact_

Evaluation.pdf. 

https://www.ey.com/en_gl/power-utilities/as-the-countdown-to-a-new-energy-world-intensifies-who-will-beat-the-clock
https://www.ey.com/en_gl/power-utilities/as-the-countdown-to-a-new-energy-world-intensifies-who-will-beat-the-clock
http://10.1080/19463138.2017.1345740
https://rmi.org/insight/creating-a-profitable-balance/
https://rmi.org/insight/creating-a-profitable-balance/
https://www.ren21.net/reports/cities-global-status-report/
https://www.ofgem.gov.uk/publications-and-updates/insights-running-regulatory-sandbox
https://ec.europa.eu/energy/sites/ener/files/documents/demand_response_ia_study_final_report_12-08-2016.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/demand_response_ia_study_final_report_12-08-2016.pdf
https://data.bloomberglp.com/professional/sites/24/2018/11/UK-Flexibility-Solutions-for-High-Renewable-Energy-Systems-2018-BNEF-Eaton-Statkraft.pdf
https://data.bloomberglp.com/professional/sites/24/2018/11/UK-Flexibility-Solutions-for-High-Renewable-Energy-Systems-2018-BNEF-Eaton-Statkraft.pdf
https://data.bloomberglp.com/professional/sites/24/2018/11/UK-Flexibility-Solutions-for-High-Renewable-Energy-Systems-2018-BNEF-Eaton-Statkraft.pdf
https://www.unenvironment.org/resources/emissions-gap-report-2019
https://www.caiso.com/documents/dr-eeroadmap.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/Customer_Gen_and_Storage/2017_SGIP_AES_Impact_Evaluation.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/Customer_Gen_and_Storage/2017_SGIP_AES_Impact_Evaluation.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/Customer_Gen_and_Storage/2017_SGIP_AES_Impact_Evaluation.pdf
https://www.cpuc.ca.gov/uploadedFiles/CPUC_Public_Website/Content/Utilities_and_Industries/Energy/Energy_Programs/Demand_Side_Management/Customer_Gen_and_Storage/2017_SGIP_AES_Impact_Evaluation.pdf


URBANTRANSITIONS.GLOBAL | 51

139 World Bank, 2018. Project Appraisal Document for the Nigeria Electrification Project 

(PAD2524). Available at: http://documents.worldbank.org/curated/en/367411530329645409/

pdf/Nigeria-Electrification-PAD2524-06052018.pdf.

140 For example, the Electric Vehicle Map published by Western Power Distribution. Available at: 

https://www.westernpower.co.uk/ev-capacity-map-application.

141 Energieportal Hamburg, 2020. Available at: http://www.energieportal-hamburg.de/distribution/.

142 Li, Y. Chan, C. de Jong, M. Lukzso, Z., 2016. Business innovation and government regulation for 

the promotion of electric vehicle use, Journal of Cleaner Production. 134 (371–383).

143 Australian Competition and Consumer Commission, 2019. Consumer Data Right in Energy. 

Position paper: data access model for energy data. Available at: https://www.accc.gov.au/system/

files/ACCC%20-%20CDR%20-%20energy%20-%20data%20access%20models%20position%20

paper%20-%20August%202019.pdf.

Mission Data. Energy Data Portability: Assessing Utility Performance and Preventing “Evil 

Nudges”. Available at: https://static1.squarespace.com/static/52d5c817e4b062861277ea97/t/5c

3a849b562fa75d70fd7953/1547338949271/Energy+Data+Portability.pdf. 

144 Da Cruz, N.F., Heeckt, C., Rode, P., 2019. National Transport Policy and Cities: Key policy 

interventions to drive compact and connected urban growth. Coalition for Urban Transitions. 

London and Washington, DC. Available at: http://newclimateeconomy.net/content/

cities-working-papers.

https://urbantransitions.global/
http://documents.worldbank.org/curated/en/367411530329645409/pdf/Nigeria-Electrification-PAD2524-06052018.pdf
http://documents.worldbank.org/curated/en/367411530329645409/pdf/Nigeria-Electrification-PAD2524-06052018.pdf
https://www.westernpower.co.uk/ev-capacity-map-application
http://www.energieportal-hamburg.de/distribution/
https://www.accc.gov.au/system/files/ACCC%20-%20CDR%20-%20energy%20-%20data%20access%20models%20position%20paper%20-%20August%202019.pdf
https://www.accc.gov.au/system/files/ACCC%20-%20CDR%20-%20energy%20-%20data%20access%20models%20position%20paper%20-%20August%202019.pdf
https://www.accc.gov.au/system/files/ACCC%20-%20CDR%20-%20energy%20-%20data%20access%20models%20position%20paper%20-%20August%202019.pdf
https://static1.squarespace.com/static/52d5c817e4b062861277ea97/t/5c3a849b562fa75d70fd7953/1547338949271/Energy+Data+Portability.pdf
https://static1.squarespace.com/static/52d5c817e4b062861277ea97/t/5c3a849b562fa75d70fd7953/1547338949271/Energy+Data+Portability.pdf
http://newclimateeconomy.net/content/cities-working-papers
http://newclimateeconomy.net/content/cities-working-papers


Find us
urbantransitions.global
@NCECities

This work is licensed under the Creative Commons Attribution 4.0 International License.  
To view a copy of the license, visit http://creativecommons.org/licenses/by/4.0/

ABOUT THE COALITION FOR URBAN TRANSITIONS
The Coalition for Urban Transitions is the foremost initiative supporting 
national governments to secure economic prosperity and reduce the risk 
of climate change by transforming cities. The Coalition equips national 
governments with the evidence and policy options they need to foster more 
compact, connected, clean and resilient urban development. The Coalition’s 
country programmes in China, Ghana, Mexico and Tanzania provide models 
for other countries on how to effectively develop national urban policies and 
infrastructure investment strategies. 

A special initiative of the New Climate Economy (NCE), the Coalition for 
Urban Transitions is jointly managed by C40 Cities Climate Leadership 
Group and the World Resources Institute Ross Center for Sustainable Cities. 
A partnership of 35+ diverse stakeholders across five continents drives the 
Coalition, including leading urban-focused institutions and their practice 
leaders from major think-tanks, research institutions, city networks, 
international organisations, major investors, infrastructure providers, 
and strategic advisory companies.

ACKNOWLEDGEMENTS
The authors are grateful for the 

contributions of the Urban Energy Transition 

Research Programme Steering Group. 

This paper was reviewed by Mary Suzan 

Abbo (Centre for Research in Energy and 

Energy Conservation), Anton Cartwright 

(African Centre for Cities), Sarah 

Colenbrander (Coalition for Urban 

Transitions), Robin King (World 

Resources Institute), Paul Kumar (World 

Resources Institute), Jennifer Layke 

(World Resources Institute), Fortunata 

Makene (Economic and Social Research 

Foundation), Mark Meldrum (Systemiq), 

Irene Skoula (C40 Cities Climate 

Leadership Group), Qijiao Song (Hong 

Kong University of Science and 

Technology), Emma Stewart (ENGIE 

Impact), Dhilon Subramanian (World 

Resources Institute), Elaine Trimble 

(Siemens) and Michael Westphal 

(World Resources Institute).

http://urbantransitions.global
https://twitter.com/ncecities
http://urbantransitions.global
https://twitter.com/ncecities
http://creativecommons.org/licenses/by/4.0/

	_4d34og8
	_rhzivfc0yaue
	_35nkun2
	_GoBack

