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FOREWORD
Fast evolving cities will drive the transformation of the global energy system in the 21st
century. Cities already account for nearly two thirds of global energy use and an even
larger share of energy-related carbon-dioxide emissions. As the urban population
grows to a projected two-thirds of the world’s total by 2030, that demand is reaching
staggering proportions.
Across the world, decision makers face an important choice. Will they meet that rising
demand with conventional technologies? Or will they seek systems that are healthier,
more sustainable, and offer citizens new economic opportunities?
This publication suggests the choice is clear. Renewable energy, combined with energy efficiency, is ready to power
the future growth of cities.
Accelerating the deployment of renewables and energy efficiency offer the best route to meet international
development targets, including Sustainable Development Goal 11, which aims to “make cities and human settlements
inclusive, safe, resilient and sustainable” by 2030. This is the optimal energy strategy that gives the world a fighting
chance of keeping climate change within manageable levels.
A growing number of cities have already taken the decision, adopting ambitious renewable energy targets, some of
them aiming for 100% renewable energy with zero net carbon emissions. However, it is not an easy path.
Switching to renewables means rethinking the entire urban energy landscape, from buildings, to transport, to
industry and power. It means integrating energy supply and demand across the board, through smart technologies,
rigorous planning and holistic decision-making.
Cities vary widely by size, population density, level of development and climate. Yet in each case, the right set of
solutions exists to pave the way to a sustainable urban energy system.
Renewable Energy in Cities provides a compelling view of how this has started to happen.
Cities around the planet are charting their unique paths to sustainability, deploying a wide spectrum of renewable
energy technologies for power, heating, cooling, cooking, and transport. Decision-makers are taking effective action
at the municipal level, through planning, regulation, public procurement, direct investment, provision of services and
awareness raising.
In the run-up to the United Nations Habitat III Conference in Quito, Ecuador, such pro-active energy solutions have
drawn growing attention. The time has come to put renewable energy at the heart of the “New Urban Agenda”.

Adnan Z. Amin
Director-General
IRENA
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EXECUTIVE SUMMARY
The transition to renewables cuts across the entire urban energy landscape, from buildings, to transport,
to industry and power. It means integrating energy supply and demand between different sectors,
through smart technologies, rigorous planning and holistic decision-making.
Cities today have the opportunity and the means to provide sustainable services and quality of life to their
citizens. Urban areas account for more than half the world’s population, as well as 65% of global energy
demand and 70% of energy-related carbon dioxide (CO2) emissions. Cities, therefore, need to take action
to meet the rising needs of their populations while maintaining a healthy living environment, combatting
poverty and avoiding catastrophic climate change.
Abundant renewable energy sources have the potential to meet these goals. Increasingly cost competitive
with conventional power sources, renewables offer the lowest-cost supply of power in a growing number
of places, without any financial support. Renewable solutions can transform and are transforming lives,
communities and economies. This transition is creating jobs and new economic activities, democratising
energy sources and ensuring energy independence for a wide range of countries and economies.
Cities are playing an increasing role in this crucial transition. Faced with the realities of fast urbanisation,
they are embracing new and innovative solutions to meet development and climate objectives. Renewable
Energy in Cities presents analyses the role cities can play in the transformation of the energy system. Built
on real-life data of the energy use in 3 649 cities that account for 60% of global energy demand, the report
charts pathways to greater deployment of renewables and explores the implications of renewable energy
strategies between now and 2030. It also highlights best practices and provides an overview of policy and
technology options.
While the potential for renewables is high, it varies greatly depending on each city’s characteristics.
Population density, growth prospects and demand profiles in cold versus hot climates all shape the
opportunities to introduce renewables, including the vast growth potential for uses in urban buildings
and transport. Accordingly, deployment strategies must be tailored to technology options and enabling
policy frameworks for each city.
For example, average urban energy use in buildings and for transport ranges from about 5 000 kilowatthours (kWh) to nearly 30 000 kWh per capita, simply due to differences in climatic conditions, population
density, and each city’s level of establishment (Figure ES1). As a result, sustainable and low-carbon energy
roadmaps must address specific challenges and formulate specific policies to support particular cities. As the
report indicates, no single solution exits to scale up renewable energy in cities.
Transforming the urban energy system is not a question of simply replacing one form of energy with another,
but of rethinking the entire energy system with all the related interactions and uses. This involves considering
the main end users, including buildings, transport and industry. It requires designing smart, integrated urban
energy systems that can manage variable power produced by solar panels and wind turbines, and that can
take advantage of sector synergies where energy is produced and consumed. It also means taking all policy
areas and governance levels into consideration.
Cities in emerging economies with population growth above 2% per year, for example, will account for
70% of global growth in energy use up to 2030. These cities will be best positioned to deploy energy
efficiency and renewable energy technologies in new buildings and can adopt more compact urbanisation
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models that ensure efficient and sustainable transportation. In urban and peri-urban areas, where extending
energy access is a top priority, decentralised power generation and clean cooking solutions are crucial for
sustainable development. There, renewable energy technologies can be deployed quickly, incrementally and
cost-effectively.
Priority action areas for renewable energy in cities:
1)
2)
3)

Renewable energy in buildings
Sustainable options for transport
Creating smart integrated urban energy systems

Established cities, on the other hand, have lower building turnover rates and will largely rely on retrofits and
technologies that can be added relatively easily to existing buildings, such as heat pumps and rooftop solar
equipment.
Cities with high population density can benefit from renewable-powered electric public transit systems
and cost-effective district heating and cooling systems. Low-density cities, with larger rooftop areas, could
benefit from highly distributed renewable energy technologies and the growth of electric cars.
Figure ES1: Energy use by application in different city types, 2014
Energy use in cities in 2014
in kWh/capita
500

5 000

10 000
Cold
Climates

Hot
Climates
Developing
cities

Developing
cities

Established
cities

Established
cities

Low
population
density

High
population
density

Heating

Low
population
density

High
population
density

Cooling Electricity Transport

Note: to distinguish city types, the city database was split into upper and lower groups (lowest/highest 50% of values) based on
population growth 2014-2030, population density in 2014, and heating degree days in 2014. Heating degree days are a metric
used to measure the demand for heating relative to a reference/base temperature (typically outdoor temperature). Electricity use
excludes energy use for heating and cooling.
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Renewable Energy in Cities presents proven and emerging renewable energy technology solutions, examines
the growing linkages between the heat, transport and power sectors, and considers the build-out of smart
grids and demand-side management. Featured solutions include renewable heating, cooling and cooking in
residential and commercial buildings as well as renewable energy for transport, including biofuels and electric
mobility based on renewable power sources.
City planners and policy makers possess several available levers to steer urban energy systems towards
renewables and reap their benefits. As growing evidence confirms, sustainable energy can be promoted
at the municipal level through planning, regulation, public procurement, direct investment, provision of
services and awareness raising.
Cities are largely bound by national frameworks and infrastructure systems. Yet effective cooperation and
coordination of policies and initiatives between different levels of governance can enable change at the local
level. It can unlock finance, capacity building and technical support, data, and can create new mandates to
accelerate the transition to a sustainable energy future.
Renewable Energy in Cities presents examples of city experiences, challenges and success stories to highlight
viable and carbon-effective options for renewable energy deployment. It also underlines the compelling
business case for the transition, stressing that the time is ripe for cities to switch to renewable solutions.
Mayors and municipal governments are playing an increasingly central role in accelerating the switch to
renewable energy. While many policies are still enacted at the national or regional level, this report examines
the many ways in which cities are taking control of their own renewable futures, with encouraging results.
●●

●●

●●

●●

●●

●●

Target setting. Cities can set their own renewable energy targets to align stakeholders behind
common goals. A small but growing number of cities are planning to switch to 100% renewable energy,
with zero net carbon emissions.
Regulation. Based on their legal competence, cities have a powerful regulatory role to unlock
renewable energy potential whether through building codes, grid connection rules, technical
standards, land-use planning, public housing programmes, and through specific measures such as
solar ordinances.
Operation. In some cases, cities are owners and operators of municipal utilities including energy
utilities. As such, they may influence the energy mix as well as develop and invest in renewable power
plants, district heating/cooling networks and sustainable transportation infrastructure.
Consumption. Cities without utility ownership remain large energy consumers in their own right,
and can demand that the power they use for hospitals, schools, offices, street lighting and public
transportation comes from renewable sources. They can act as aggregators of demand, procuring
electricity in large quantities to cover the combined needs of residents and businesses, thereby
increasing competition and reducing risk and prices.
Financing. Cities act as financiers, influence taxation and can offer incentives or low-interest loans to
promote the uptake of renewable energy solutions. In some countries, municipal energy companies
are among the most important investors in renewable energy projects.
Advocacy. Cities serve as powerful advocates, able to influence the behavioural choices of citizens
and businesses by raising awareness about the benefits of renewables. Municipal authorities can also
strengthen local capacities and skills through dedicated training programmes on renewable energy.

The transition to renewables in cities also entails a shift in mindset that considers energy as a driver
for economic and environmental sustainability across the urban landscape. In such an interconnected
system, every citizen sits at the centre of a web of decision-making, from electricity supply to
consumption and transportation choices.
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Figure ES2: Overview of required support technologies and concepts for an integrated urban energy system
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Cities operate through a vast web of interconnected networks. While many of these are treated, traditionally,
in policy-making silos, the switch to renewables offers a wealth of opportunities to create synergies between
sectors.
Technologies such as rooftop solar photovoltaic power generation, distributed energy storage and electric
mobility are becoming an integral part of city power systems, with a key role in balancing the demand and
supply of electricity. Buildings are now both consumers and producers, switching between these functions
at different times of the day. An electric car is both a user of renewable power and a storage centre that can
provide essential backup at periods of lower power generation.
Linkages are also growing between the electricity and heat sectors, through the expanding use of heat pumps,
as well as renewable-based district heating and cooling networks. Many other innovative technologies, such
as demand-side management, virtual power plants, vehicle-to-grid, and smart power and district energy
networks, are similarly reshaping the systems and infrastructure of the past.
Renewable energy solutions are part of the broader sustainable development agenda of cities. For the
key role of renewables to be fully realised, cities will need to break down their internal barriers and forge
new links between decision makers in urban planning, power, transport, waste management, and multiple
other areas. The rewards for an effective sustainable energy strategy in cities are immense, affordable and
achievable.

10
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1.	ENERGY USE IN CITIES AND THE ROLE
OF RENEWABLES
1.1	Recent trends in urban energy
use
The share of global energy used by cities is rising fast.
In the early 1990s, cities used less than half of the global
energy supply. Today, it is nearly two-thirds (Figure 1).
Because of this growth, any decisions made for the
future of energy and climate need to build on a robust
understanding of urban energy systems. As we learn
more, we are better able to categorise different urban
energy system types, and design policies specific to
them.

Until recently, these breakdowns of energy usage have
typically not been available, or only available for a
limited number of cities.
Figure 2 provides estimates by sector in selected cities.
They show significant differences between cities. Highand middle-income country cities, for example, use
most of their energy in transport and buildings. In cities
in Asia and some Latin American countries, energy use
is dominated by industry.
These shares change depending on how city boundaries
are defined, and where industrial plants are located

Figure 1: Global urbanisation rate and share of urban energy use in total primary energy supply, 1990-2014

70%
Urbanisation rate
65%
60%

Share of urban energy use in total
primary energy supply

55%
50%
45%
40%

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Based on IRENA estimates

The share of urban energy use in the global energy mix is increasing faster than the global
share of urban population.
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Figure 2: Estimates of the breakdown of energy use by sector in selected cities

World
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Note: data refers to a year between 1998 and 2005
Source: UN Habitat (2008)

(Box 1 and 2). For clarity’s sake, this analysis will
focus on buildings and transport, as well as efforts
to integrate currently disparate sectors into one
coherent urban energy system. It builds on previous

IRENA analysis of the potential for renewable energy
in the manufacturing industry (IRENA, 2014a, 2015a).
Analysis is complemented by IRENA’s ongoing work on
renewable energy in district heating and cooling.

Box 1: What is a city?
For this analysis, IRENA included all named metropolitan agglomerations and cities with populations
exceeding 100 000 in the year 2000, as per the city level data from the Lincoln Institute of Land Policy
(Schlomo et al., 2010). In total, the database covers 3 649 cities with an aggregate population of about
2.6 billion in 2014; i.e. about 36% of the global population. The United Nations estimated a higher global
urbanisation rate of 53% in 2014, by including cities with less than 100 000 inhabitants (UN Statistics, n.d.).
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Box 2: Potential of renewable energy in industry in the urban context
The manufacturing industry represents a third of global energy use today. However, at a city level, there
are disputes about its scale, and it differs significantly between cities. This report focuses on buildings and
transport. However, for the transition to a more sustainable urban energy system, some cities will also need
to consider the industry sector.
For example, Rotterdam in the Netherlands hosts a large industrial area in its seaport, which includes activities
from food processing to chemicals production. In China, it is not unusual for a large iron and steel plant to be
part of the urban panorama. Small and medium-scale industries, such as ceramics production and foundries,
are scattered across cities in India.

1.2	The role of renewable energy in
cities
Negative impacts of rising energy use
Rising energy use in cities has lifted billions of people
out of poverty. However, it has also come at a cost due
to the increased use of fossil fuels.
Cities account for 70% of man-made CO2 emissions,
making them a major contributor to climate change.
Cities are also likely to suffer the brunt of climate
change effects. An estimated 70% of all cities are
dealing already with the effects of climate change
(C40, n.d.). As 90% of all urban areas are coastal, the
damage from rising sea levels and severe storms will
only increase. Some cities in developing countries are
particularly vulnerable due to relatively high rates of
population growth. They also lack infrastructure and
planning capacity, and have limited financial resources
(Birkmann et al., 2016).
Increasing energy use has also led to skyrocketing
urban air pollution. Of people living in urban areas,
more than 90% cope with air quality levels exceeding
the World Health Organization limits (WHO, 2016). In
low and middle-income countries, this rises to 98%.
IRENA estimates the cost of outdoor air pollution at
USD 1.8-6.0 trillion in 2010, or about 3-10% of global
gross domestic product (GDP) (IRENA, 2016a). Under a
business as usual scenario, this will rise to USD 2.4-8.8
trillion per year by 2030.
Fuel-driven transport creates high levels of noise
pollution. An estimated 65% of EU citizens living in

major urban areas are exposed to high noise levels, with
1-2 million disability-adjusted life years (DALYs)1 lost
to environmental noise in the EU each year (European
Commission, 2015). In developing world cities with high
population densities, the effects are likely to be more
severe.

Energy efficiency and conservation
Energy efficiency is one major route to reducing
projected energy use by 2030.
The largest potential for savings exists in buildings.
New buildings in growing cities can be designed with
the latest technology, which follows minimum energy
use standards. Modernising the existing building stock
in established cities is more challenging. It is important
to avoid investment in marginally more efficient
technologies, so as not to create a “technology lock-in”.
For example, replacing an old oil-fired boiler with one
that is slightly more efficient (instead of a significantly
more efficient heat pump) can inhibit efficiency
improvements for many years, given the long lifetime
of the equipment. Similarly, the renovation of shells of
buildings that were constructed with energy-inefficient
building materials can be costly.
While most developed countries have ambitious
targets for achieving low energy use in buildings, and
already have mandatory building energy efficiency
codes in place, this is not the case in many developing
countries. These often suffer from a lack of information

1

One DALY represents the loss of one year of living in full health
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and knowledge on energy efficiency options, poor
enforcement of building codes and standards, and
misalignment between national and local governments
in implementing and enforcing policies (IBRD and World
Bank, 2010). Given that they account for a majority of
new building stock in the coming decades, developing
countries have a critical role to play in reducing energy
use in buildings at a global level. Inefficiently designed
buildings constructed today risk becoming stranded
assets tomorrow, and significant funds may need to be
spent on renovation.
According to the International Energy Agency (IEA), far
more investment is needed in building energy efficiency
to meet international climate change targets, and
keep average global temperatures within 2 oC of preindustrial levels. Total investment will have to increase
from USD 80-100 billion in 2014 to about USD 215 billion
per year in 2020 (IEA, 2015a).
Many international organisations have launched
initiatives to support the required focus on energy
efficiency improvement in buildings (Table 1). For
example, the Building Efficiency Accelerator partnership
works directly with 23 cities to implement policies,
programs and projects to improve building efficiency
(WRI, 2016). Numerous other initiatives exist for specific

countries or regions, or with a focus on the residential or
commercial sectors.
Efforts to conserve energy in the transport sector
include technological innovation and modal shift.
Such innovations include more fuel-efficient internal
combustion engines, smaller and lighter cars, and zeroemission electric vehicles. More important is the move
towards electrified transport that, in turn, can drive a
higher share of renewables in the energy supply mix.
Modal shift includes the promotion of more sustainable
transport modes, such as public transport but also
walking and cycling. Generally, the share of sustainable
transport is higher in cities with high population
density (UITP, 2015a) (Figure 3). Cities can pro-actively
encourage behavioural change. In Copenhagen, large
parts of the city are no longer accessible to cars. In
New Delhi, the government recently experimented with
alternately banning cars with odd and even number
plates to support car-pooling, cycling, and walking.
Many cities have understood their crucial role in
transforming urban mobility systems. Almada
(Portugal), Boulder (US), and Kochi (India) are some
examples of cities that have developed comprehensive
plans to improve the sustainability of their urban
transport systems (ICLEI, 2016b).

Table 1: Overview of selected international initiatives that include a focus on energy efficiency in buildings
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Initiative

Key stakeholders

Geographic focus

Building Efficiency Accelerator

WRI Ross Center

Global (cities)

Global Buildings Performance Network

GBPN

Global

Global Energy Efficiency Accelerator Platform

SE4All

Global

Building Energy Efficiency Task Group

IPEEC

IPEEC member countries

Sustainable Buildings and Climate Initiative

UNEP

Global

City Energy Efficiency Transformation Initiative

World Bank, ESMAP

Global (cities)

Affordable Efficient Housing

REEEP

Developing countries

Energy Efficiency in Buildings

WBCSD

BRIC, Japan, US, Europe

Energy Efficiency Program

Clinton Foundation

Global

Private Building Efficiency Network

C40

Global (large cities)

Global Alliance for Buildings and Construction

UNEP, France, et al.

Global

Global District Energy in Cities Initiative

UNEP

Global (cities)
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Modal share of sustainable transport modes as a
percentage of total trips

Figure 3: Share of sustainable transport modes versus population density in cities
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Source: UITP (2015b)
Note: sustainable transport modes includes walking, cycling, and public transport trips.

Energy efficiency in buildings, modal shift in transport and electric mobility offer significant
potential to reduce energy use in cities.

Renewables as a key solution
While many cities have so far focused primarily on
energy efficiency, the next step towards a sustainable
energy system will require a significant increase in the
use of renewable energy.
This offers many advantages. Renewable energy is
clean, reducing CO2 emissions and air pollution. It is
affordable, meaning it is cost competitive with nonrenewable alternatives. It is sustainable, offering greater
energy security and resilience to external shocks.
Moreover, it is empowering, providing a wealth of new
jobs, and greater economic opportunities in cities.
IRENA estimates that doubling the share of renewables
in the global energy mix by 2030 can create millions of
new jobs, improve health and boost the global economy
by up to USD 1.3 trillion (IRENA, 2016a).

In 2013, about 20% of all buildings and transport
energy use in cities was supplied by renewable energy
(Figure 4). This mainly consisted of direct and indirect
uses of renewable energy in buildings, which supplied
nearly a quarter of the energy they used. The share
of renewable energy used in transport remains more
limited at about 4%, primarily from liquid biofuels.
Falling costs, and growing awareness of renewable
technologies (i.e. easier access to finance) implies there
is an opportunity to increase this share significantly.
At a global level, installations of wind power plants
and solar photovoltaic (PV) power plants and rooftop
systems have reached record highs. In heating, cooling
and transport, however, progress has been slower.
Investments in liquid biofuels – renewable gasoline and
diesel substitutes produced from biomass feedstocks
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Figure 4: Breakdown of urban energy use in buildings and transport by application and carrier, 2013
(PJ/year)
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Renewables currently supply about 20% of energy for transport and buildings in cities. There
is an opportunity to significantly increase this share.
– have slowed down significantly, and countries are
refining their plans to utilise bioenergy for heating.
The uptake of heat pumps and solar water heating is
progressing relatively well.
Promoting renewables at the city level depends on
several factors, including whether targets and policies
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are set at the national or local level, as well as the level
of control that cities have over utilities. Winning over
citizen support is also essential. The roles that cities can
play in accelerating renewable energy deployment are
detailed in section 3.2.

2.	PRIORITY AREAS FOR A TRANSITION
TO RENEWABLE ENERGY USE IN CITIES
Cities can accelerate the uptake of renewable energy in
three priority areas:
1.
Renewable energy in buildings;
2.
Sustainable options in transport;
3.	Creating smart integrated urban energy systems
Buildings and transport are the two largest energy
consumers in cities, and what happens in these sectors
will determine the sustainability of energy use. City
governments can play a pivotal role by implementing
supportive policies, demonstrating innovative
technologies, and providing the right infrastructure for
these sectors. As energy supply and demand become
increasingly interconnected, systemic, long term and
integrated planning for urban energy systems will
become more important.
The sections in this chapter each conclude with tables
that provide an overview of the key solutions identified
for each of the action areas, as well as numerous
examples of where they are implemented at the city
level. Clearly, many cities around the world are already
embracing the solutions that renewable energy can
provide.

2.1

Renewable energy in buildings

Most of a city’s energy use takes place in its residential,
commercial, and public buildings – through heating,
cooling, and the powering of appliances. Figure 5
shows how cities can make use of a wide range of
renewable sources to supply energy for consumption
within buildings, and Table 2 at the end of this section
presents selected examples of cities using renewable
energy technologies and policies to meet energy needs
in commercial and residential buildings.
Options range from decentralised renewable energy
production, supplying energy within the direct vicinity of
buildings, to centralised renewable energy production,
in which energy is generated elsewhere and then
distributed to buildings via energy networks.

Decentralised options include solar thermal collectors,
solar PV panels, biomass boilers, and modern cookstoves
using bioenergy (mainly in developing countries).
Centralised options include using renewable energy
applications to generate heat or cold supplied to
buildings through district energy networks, and
renewable power, which can be used for cooking,
lighting and appliances, and heating or cooling.
Urban policy makers can promote the production
of renewable energy in buildings through a range
of policies and regulations, such as building codes,
permits, zoning regulations and building performance
ratings (WWI, 2016). More specific examples include
incentivising rooftop solar photovoltaic panels, and
solar water heating (SWH).
There are more than 600 building codes and standards
worldwide, which vary widely in how broadly and how
strictly they apply (WWI, 2016). Building standards
provide technical guidelines and minimum requirements
for a building’s performance; building codes are
standards transposed into law by local, regional or
national governments. Most codes are legally binding,
although their enforcement tends to be lagging (IEA,
2013), while some codes exist purely as voluntary green
certification schemes (Heinsdorf, 2015; C40 and ARUP,
2015).

Heating
Renewable energy options for heating (space and
water) consist of decentralised equipment in buildings
and centralised generation.
Decentralised solid biofuel-fired boilers (e.g. wood
pellets and chips) are a mainstream technology. For
cities the implementation of codes and standards to
minimise the negative health impact of such boilers is
important, given they can contribute to air pollution.
Solar thermal systems have been used for decades
for water heating, and to some extent also for space
heating. IRENA estimates a potential of more than
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Figure 5: Overview of renewable energy options in urban commercial and residential buildings
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City trends: solar thermal systems
China is home to 70% of the global installed capacity of SWH, and Chinese cities have played an important
role in accelerating its deployment. Between 2009 and 2011, a central government policy supported
demonstration cities for renewable energy use in buildings (IEA-SHC, n.d.). 72 cities and 146 counties took
part in the programme. By 2011, about 45% of solar thermal systems in China were based in cities, up from
40% just one year earlier (Tao, 2011). At the same time, over 80 cities had issued compulsory and favourable
policies for installing solar water heating systems, which often included the compulsory installation of SWH
in new public, residential, and commercial buildings. The Chinese city of Rizhao, for example, has promoted
SWH in residential buildings for the past 20 years through regulations, information campaigns and subsidies.
The Shandong provincial government helped finance solar research and development resulting in competitive
pricing of SWH systems compared to electric heaters. As a result, by 2015, 90% of households in Rizhao had
access to SWH (Rizhao Government, 2015).
Today, water heating accounts for about 26% of household energy use in cities in Spain (WWI, 2016).
Barcelona was the first city in Europe to introduce a Solar Ordinance in 1999. It mandated that 60% of hot
water be provided through solar energy in new and renovated buildings (C40, 2011). The area of installed
solar thermal panels expanded from 1 650 m2 to 87 600 m2 within a decade (2000-2010). Barcelona’s efforts
prompted more than 70 Spanish cities to introduce similar ordinances, and in 2007, the Spanish national
government adopted a new technical building code requiring mandatory solar thermal installations (ICLEI,
2014a; WWI, 2016). Since then, many other cities and countries around the world have followed this example.

3 200 million m2 of rooftop space to be used for solar
thermal collectors worldwide by 2030; a near six-fold
increase from the installed capacity in 2014. Historically,
cities have played an important role in promoting the
use of solar thermal energy systems, in particular for
water heating.

heat for distribution through district heating systems.
The potential varies between cities though, not only
because of the difference in the availability of renewable
resources but also because generally a minimum level
of heating density is required for district heating to be
viable.

Large quantities of heat are lost every year from power
generation and industrial processes. Co-generation is
one of the most efficient ways of reusing this heat, but
accounts for less than 10% of global power generation,
and its use is declining (IEA, 2016). District heating
and cooling networks are another way to provide
more cost-effective energy (UNEP, 2015a; OECD,
2013). District energy systems consist of a network of
underground, insulated pipes that pump hot or cold
water to multiple buildings in a district, neighborhood
or city. Some systems just connect a few buildings,
while others connect thousands of buildings and homes
across a city.

District heating networks using bioenergy have been
in operation for a long time in many cities, mainly in
Nordic countries and other parts of Europe. The heat
is typically produced in large boilers known as heat
plants, which is then transported across the cities
to households, commercial buildings and industrial
plants. Other renewable energy resources are also
used, such as geothermal in Iceland and industrial
excess waste heat in various cities in Europe. The use
of renewable energy is growing in certain cities, such
as geothermal in Munich and Paris, and solar collectors
in Denmark. District energy has become a cornerstone
of Denmark’s goal of sourcing 100% of its energy
needs from renewables.

Despite the benefits, however, the use of district energy
is quite limited, accounting for only one tenth of demand
for heat in the commercial and residential sectors
(IEA, 2016). This creates significant opportunities to
further scale up the use of renewables to generate

Cooling
As people in hot climates grow more prosperous, their
demand for cooling is increasing rapidly.
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City trends: seawater district cooling
District cooling networks using seawater cooling have been used in cities in cold climates such as Copenhagen
and Stockholm for quite some time, but recently the technology has gained traction in hot climates as well. In
Port Louis, Mauritius, the first seawater-based district-cooling network in Africa is under development. When
completed, it will offset about 26 MW in power supply, or about 6% of 2014 peak electricity demand in the
country (UNEP, 2015a). In Honolulu, Hawaii, a USD 250 million seawater cooling project is under development,
which would avoid imports of 178 000 barrels of oil per year (Honolulu SWAC, n.d.).

Almost all cooling is currently provided by airconditioning (A/C) systems using electricity. While
more of this electricity can be generated by renewable
energy, cooling can also be supplied by renewable
options integrated in the building infrastructure.
This includes solar cooling systems, such as absorption
chillers, adsorption chillers, and desiccant cooling
systems. Absorption chillers use a refrigerant to cool
the environment, and account for over 70% of installed
systems today (IRENA and IEA-ETSAP, 2015).
Some households connect their A/C systems to a solar
panel mounted on the rooftop. This is becoming popular

in cities, especially with decreasing battery storage
prices.
The global market for renewable energy-based cooling
is still in a nascent stage, however, and cities could do
more to promote its uptake. Renewable energy-sourced
district cooling is also an option, using cold water
from rivers, lakes or the sea, waste heat for absorption
chillers, and solar energy.

Cooking
60% of renewable energy use in buildings today
consists of traditional uses of bioenergy, mainly in the

City trends: clean cooking
Modern bioenergy cookstoves can run on biogas, solid biofuels or ethanol, and reduce indoor air pollution
significantly compared to cooking on an open fire. Biogas digesters for cooking have been used for some
time in the south of India. The biogas is produced from organic waste in plants ranging in size from household
(1-5 kg per day) to large-scale (up to 100 tonnes/day) (Vögeli and Zurbrügg, 2008). In Nepal biogas has
been used in cooking for more than 60 years, mainly in rural settings. The country now aims to build 2 500
biogas plants in urban locations between 2012 and 2017 (Government of Nepal, 2012). These plants will use
biodegradable waste to produce cooking gas and electricity (The Kathmandu Post, 2015).
For solid biomass, programmes to provide cleaner and more efficient charcoal and wood cookstoves are
underway in Ghana, Kenya and Mali. Ethanol cooking is also prevalent in selected urban areas in Africa.
200 000 cookstoves have been sold in Ghana and Nigeria using cellulosic ethanol made from sawdust (Green
Energy BioFuels, n.d.).
Electric cooking is also growing in popularity. In South Africa, 85% of urban households now use electricity
for cooking, 73% in Zimbabwe, and 40% in Mongolia (ESMAP, 2015). In Ecuador, the government decided in
2014 to promote induction cooking through financing support and free electricity during the first month. It
aims to reach 3.5 million systems by the end of 2017 (Scherffius, 2015). As solar and wind power capacity is
set to expand in most of these countries, indirectly more of the energy used for cooking will be supplied by
renewable energy.
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City trends: rooftop solar PV
In April 2016, San Francisco became the first major US city to require all new buildings to install rooftop solar
PV. The ordinance builds on a California requirement for new buildings to set aside 15% of the roof area to be
“solar ready”, meaning the space should be clear and unshaded (City and County of San Francisco, 2016).
The City of Adelaide has launched a solar leasing initiative to reduce the upfront cost of installing solar
systems, targeted at lower income households (Vorrath, 2016).
Tokyo plans to install 1 gigawatts (GW) of rooftop systems by 2024, including 22 megawatts (MW) of PV on
metropolis-owned buildings and facilities by 2020. It aims to increase the share of renewables to 20% of total
power generation by the time of the Summer Olympics in 2020 (Movellan, 2015b).

form of cooking on open fires in the developing world.
While this is mainly a rural practice, urban households
are also using solid cooking fuels in inefficient stoves.
This is harmful to human health, due to indoor air
pollution. In developing countries, urban dwellers tend
to have higher levels of access to commercial energy
sources than rural populations. Yet, about 18% of urban
populations in developing countries still use fuelwood
and charcoal for cooking, and in the least developed
countries, this share reaches close to 70% (UN DESA,
2013).
Modern cookstoves, using bioenergy or electricity, are
therefore a key solution being actively promoted. The
electricity used for cooking can in turn be generated by
renewable power.

From consumption to production
One of the defining features of renewable energy is
that consumers can now become producers at the
same time. Commercial and residential buildings are
amongst the largest energy consumers in cities, but in a
renewable energy system, they are also the most widely
available urban resource (WRI, 2016) (WWI, 2016). This
is mainly due to the dramatic growth of rooftop solar PV.
Between 2010 and 2014, rooftop solar power capacity
more than tripled worldwide, from 30 GW to 100 GW,
enough to cover the electricity demand of about
30 million households2. By 2030, IRENA estimates
installed rooftop PV could rise to 580 GW (IRENA,
2016b). This paradigm shift gives households the option

2 Estimated based on global averages for the capacity factor of solar
PV (10%) and electricity use (3 000 kWh per household).
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Solar

Waste
Bioenergy
Geothermal

Rotterdam, the
Netherlands
Vienna, Austria
Stockholm, Sweden
Munich, Germany
Crailsheim, Germany
Cities in Denmark

Geneva, Switzerland
Barcelona, Spain
Singapore
Tokyo, Japan
Bangalore, India
Cape Town,
South Africa
San Francisco, US

Solar

Renewable
power

Solar

Solar

Building integrated PV was integrated with a residential building housing 70 apartments in 2014
Financing support and free electricity for one month were used by the government to support induction electric cooking
Solar cookstoves programme in peri-urban areas including local production, installation and maintenance, aiming to install more than 50 000
stoves in Bolivia and Paraguay. Stoves reduce fuel-wood consumption by more than 60% and generate emission reductions
Various clean cookstove programmes to support scaling up access to finance and the dissemination of clean cookstoves, such as improved
cookstoves in Mali, Ghana, Urganda and Kenya, among others
CleanStar Mozambique, a food, energy and forest protection business, seeks to leverage carbon finance to disseminate up to 30 000 improved
cookstoves in urban and periurban Maputo
A scheme is using slaughter-house waste to produce biogas (1,800 cm methane daily) and 1 MW power generation capacity at lower than
market price. as well as fertiliser for low-income farmers, creating local jobs and boosting local industry
Nationally subsidised domestic biogas plants use daily organic wastes to produce biogas for cooking purposes in urban households since 2012

Cities in Ecuador
Peri-urban Bolivia and
Paraguay

An ordinance requires solar PV to be installed on new buildings up to 10 stories tall, the first major city in the US to do so
Denver provides streamlined, same-day permit review for solar panel projects, including Electrical, Plumbing, and Zoning Permits for PV
systems

Through net metering programme city has commissioned more than 4.5 MW of grid-connected small-scale solar PV capacity

The first seawater district cooling network in Africa is under development for 26 MW of power
A USD 250 million project is under development to avoid oil imports to the island by 178 000 barrels per year
The Post Tower uses water flows from the Rhine river through 210 kilometres of piping for heating and cooling
80% of France’s geothermal capacity is in Paris, with plans to double geothermal capacity to 100 MWth to supply energy for heating and
cooling
1 139 m2 of rooftop solar collectors at Geneva Airport provide heating and cooling to the airport’s terminals
A 35 kilowatt (kW) system was installed on one of the city’s public health agency buildings in 2007
A 1 500 kW system using 3 900 m2 of collector surface at the United World College was commissioned in 2011
A target for 1 GW of on-site systems solar PV in the city by 2024
Local and state entities leading net metering policy resulting in 14 MW of cumulative installations between 2014 and 2016

The European Heat Pump Association has annual awards for cities with innovative heat pump projects. Past winners include Amstetten
(Austria), Etten-Leur (the Netherlands), Viborg (Denmark), and Olot (Spain)

Over 80 cities with compulsory and favourable policies for installing solar water heating systems by 2011
A Solar Ordinance requires new residential, commercial and industrial buildings to install SWH to cover at least 40% of energy used for
heating water
Barcelona was the first city in Europe to introduce a solar thermal ordinance, requiring 60% of the total hot water to be provided by Solar
Thermal

Biomass boilers installed in various public buildings, including the City Council building, a hospital, and a primary school

District heating provides heat to 270 000 people in the city; waste incinerators are a main source of energy
87% of district heat is provided by renewables, which include excess heat and combustable waste but also solid biomass
5 additional geothermal locations planned for 2025 and a target of 100% renewables in district heat by 2040
7 300 m2 of solar thermal flat plate collectors provide 50% of the heat to 260 housing units
Solar district heating in Denmark increased from 100 000 m2 installed in 2010 to 800 000 m2 installed by 2015

Use of residual heat from the port is being increasingly used in the city’s district heating network
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Table 2: City examples of the use of renewable energy technologies and policies to meet energy consumption in commercial and residential buildings

Energy Technology/
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Electricity
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to produce their own electricity, and reduce risks related
to shortages, blackouts and volatility in electricity prices.

2.2	Sustainable options for
transport
Transport accounts for just over a third of global
energy use in cities today, and IRENA’s Roadmap for
a Renewable Energy Future (REmap), suggests this
could grow by nearly 50% by 2030 (IRENA, 2016b). If
the resulting energy demand is met by fossil fuels, it
will have major adverse consequences for air and noise
pollution in cities, as well as global warming. Figure 6
shows the range of options in which renewable energy
can power urban transport, and Table 3 at the end of
this section presents selected city examples for each of
these options.
For rail transport, the main options are electric-powered
trains, light rail and metro systems. For road, the main
options are electric vehicles, biofuels (both liquid
and gaseous) and hydrogen (when produced from
renewable power).
As with buildings, electrification in transport can drive
the uptake of renewable energy.

Biofuels
Internal combustion engines will continue to play an
indispensable role in the transport system for the
foreseeable future.
To decrease their carbon footprint, these can be powered by biofuels, a form of renewable energy that comes
either in liquid or gaseous form. Biofuels are generally
classified as first and second generation, according to
the feedstocks employed for their production. First-
generation or conventional biofuels, made from agricultural crops such as corn or sugarcane, among others,
predominate in the current global biofuels market.
By blending liquid biofuels with gasoline, diesel, and
kerosene, and biogas with natural gas, these biofuels
could account for 10% of energy consumption in the
transport sector energy by 2030, more than triple today’s
share (IRENA, 2016b). However, given stagnant investment levels in liquid biofuel capacity, significant market
development would be required to make this happen.

Most biofuel blending mandates form part of national
policies, although some cities have launched their own
initiatives. For example, in Brazil the city of Curitiba is
implementing at a sub-national level a 100% biodiesel
mandate for in its municipal bus fleet, as part of its
Biocidade programme (IRENA, 2015b).
Second-generation biofuels, also known as advanced
biofuels, which are primarily made of non-edible
feedstocks such as waste and lignocellulosic material,
have started to be marketed at commercial level. They
have the potential to reduce GHG emissions by 50-70%
compared to diesel and gasoline. For conventional
biofuels (e.g. ethanol from corn or biodiesel from palm
oil) this reduction potential is lower, at 30-50% (IRENA,
2016 forthcoming).
Biomethane is a cleaner alternative to liquid biofuels
that can be used for a wide variety of road transport
options, from passenger cars to trucks. It is produced
by upgrading biogas and it has a higher content of
methane.
In Sweden, biomethane is transported from production
to distribution sites as compressed natural gas
for distances below 200 km, while liquefied gas
is preferred for longer distances. In the country’s
capital, Stockholm, 250 biogas-based public buses
are in operation as part of the long-term vision of the
Stockholm Public Transport Agency’s fossil-free bus
fleet (Jonerholm, 2012). Since 1994, the metropolitan
region of Lille in France has used half of the city’s
bio-waste to produce biomethane for use in public
buses (ICLEI, 2014b).

Hydrogen
Although still in early stages of deployment, hydrogen
presents another promising technology. Some countries
are considering using excess renewable electricity to
produce hydrogen. The hydrogen can be blended in
natural gas grids, but can also be stored and used in
fuel-cell vehicles. A number of cities have deployed
buses using hydrogen, albeit at a limited scale due to
high vehicle costs. In London, eight buses have been
successfully in operation since 2011, and reliability is
reported to have improved significantly since their trial
period between 2007 and 2009 (CHIC, 2013). In Munich,
the first car sharing operator offers 50 hydrogen-powered
cars to private customers (H2-international, 2016).
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Figure 6: Renewable energy options for road and rail transport in cities

Road Transport

Rail Transport

Electric
Vehicles

Trains

Hydrogen
Vehicles

Light Rail

Internal
Combustion
Engine
Vehicles

Metro

Electricity
Transmission
&
Distribution

Electric Vehicle
Charging
Station

Filling
Station

Electrification
Liquid &
Gaseous
Biofuel
blending

Liquid & Gaseous Fuels

24

R e newa ble Energy i n C i t i e s

Hydrogen
Production

Hydrogen

RE Power
Generation

Electricity

Electric mobility
Electric mobility is seen as one of the most promising
ways to reduce pollution and greenhouse gas emissions,
and will be crucial to promoting renewable energy
worldwide.
In 2010, electricity supplied 1.3% of global energy use
in transport energy. IRENA estimates it could increase
to around 4% by 2030 (IRENA, 2016b). Public transport
would account for 60% of total electricity use in
transport, with the remaining 40% coming from various
forms of electric vehicles, including 2, 3, and 4-wheelers.
Electric mobility is considered renewable when it is
powered by renewable energy sources.

Electric public transport
Electric-powered public transport usually consists of
trains, trams, and metro systems. Electric buses are
becoming increasingly popular, driven by improvements
in battery performance, falling technology costs and the
ease of charging in bus stations. The stock of electric
buses was estimated at 173 000 by the end of 2015,
a nearly six-fold increase from one year before (IEA,
2016). The rapid increase is partly explained by the
relatively favourable economics of electric buses. As
electric vehicles generally have higher purchase costs
but lower operational cost than conventional vehicles,
their usage cost goes down the more they are used.
Buses are typically used for multiple hours per day,
which is longer than private vehicles.

Electric light rail transit and metro systems are also
expanding, and are especially viable in larger cities with
high population density. Nearly 160 cities worldwide
had a metro system in place in 2014, carrying over 160
million passengers per day (UITP, 2015b). In 2014 alone,
513 km of new metro infrastructure (bringing the total
to 11 300 km) and 355 new metro stations were put
into service worldwide (UITP, 2015c). Light rail transit
systems (including tramway systems) now operate
in 388 cities (up from 355 in 2010) and carry about
45 million passengers daily.

Electric vehicles
Global sales of electric vehicles totalled more than half
a million in 2015, with the total stock at the end of 2015
at 1.3 million units (IEA, 2016). That could increase to
160 million – or about 10% of the total vehicle stock – by
2030 (IRENA, 2016b).
Currently the average driving distance of electric
vehicles is still relatively short and therefore their use
is almost exclusively in the urban context. Cities also
have a crucial role to play in promoting the use of
electric vehicles, through the installation of charging
infrastructure, city fleet purchasing, and procurement
schemes or by providing vehicle purchase subsidies,
parking benefits, or exclusive access to carpool lanes
(ICCT, 2015).
Charging stations are an essential part of encouraging
people to buy electric cars. Cities can promote the quick

City trends: electric public transport
20% of all city buses in China are now electric. Already a majority of electric buses on the road globally are in
China, and many Chinese cities want to go even further. Beijing is aiming for 80% of buses to be electric by
2019, and is piloting the use of solar panels on selected metro stations (Junmian, 2013).
The direct use of renewable power for metro systems is gaining traction in other cities. New Delhi, India,
opened a new metro system in 2012 (GIZ, n.d.), consuming electricity equivalent to the consumption of
100 000 Indian households. To meet part of this demand, and alleviate issues caused by power outages, solar
PV was installed on some station roofs. With plans to expand this to more stations, combined with utility-scale
solar plants outside the city, solar PV should eventually serve all of the metro’s electricity demand.
In Riyadh, Saudi Arabia, new metro stations will also incorporate solar panels, to power 20% of their airconditioning and lighting (ADA, n.d.). The Metro de Santiago in Chile, South America’s second largest subway
system in terms of length, will be powered 42% by solar and 18% by wind by 2018 (Cooke, 2016).
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City trends: electric vehicles
Oslo, Norway, currently has the highest density of electric vehicles in the world. Across the country, nearly one
in every four cars sold is electric, with hydropower delivering close to all electricity.
A number of pro-electric policies drove this trend, including no-purchase taxes and reduced value added tax,
no charges for using toll roads, access to free parking within cities, and free access to bus lanes. A recent study
found that purchase tax and VAT exemptions are critical instruments at the national level (Bjerkan, Nørbech
and Nordtømme, 2016).
In the United States, Portland, Oregon, was recently ranked the most favourable city for electric vehicles,
mainly due to a generous network of charging stations (with specific parking spaces) and a streamlined
process for installing home charging stations (Clark-Sutton et al., 2016).

rollout of charging stations through building codes
and urban planning, while through zoning regulation
they can influence the location and the number of
EV charging stations. This highly affects the future
availability of charging infrastructure.
The city of Oslo took an active role in addressing the
lack of local public infrastructure and charging stations.
Electric vehicles were in high demand due to nationallevel incentives. Between 2008 and 2011, the City Council
through its Climate and Energy Fund supported the
installation of 400 public on-street charging points, fully
supplied by hydropower, as part of a “10-point plan to
reduce emissions”(C40, 2014). This strategy worked to
complement the national policy, which focused mostly
on value added tax (VAT) exemptions for EV (compared
with 25% on fossil fuel cars).

Electric two- to three wheelers
Electric two- to three wheelers – like scooters and
bikes – are a fast way for citizens to travel within large
high-density cities. They dominate markets in Asia,
which account for two-thirds of global sales. They are
particularly good for areas suffering from high traffic
congestion, and their small battery size means they are
much quicker to charge than 4-wheelers.
IRENA estimates there could be 900 million electric
two- to three wheelers on the road by 2030, up from
235 million units in 2014 (Figure 7). Most of them
will be in China, where the electricity to supply them
increasingly comes from renewables.

City trends: electric two- to three wheelers
China is the largest two- to three wheeler market in the world. Of global annual sales of between 20 and
30 million, more than 90% are in China. These numbers continue to grow; by 2018 an estimated 355 million
electric two- to three wheelers will be on the road (IRENA, 2014b).
Cities play a crucial role in promoting this growth. By 2007, electric two-wheelers represented more than half
of all two-wheelers in Chengdu, but less than 10% in Beijing (Weinert, Ma and Cherry, 2007). This was due to
Chengdu’s favourable attitude towards electric two-wheelers early on (gasoline scooters have been banned
since 2006). In Beijing, on the other hand, electric two-wheelers were initially banned due to the fear that
they would reduce traffic speeds, create safety hazards, and cause lead-pollution from poor battery recycling
infrastructure.
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Hydrogen

Biomethane

Liquid biofuels

Electric two- to
three-wheelers

Electric
vehicles
(four wheelers)

Electric public
transport

Technology/
resource

Electric mobility

Bioenergy and hydrogen

Example

Delhi, India

Solar panels were installed on stations of the metro system with plans for solar power to eventually supply all of the
system’s electricity
The Metro de Santiago, South America’s second largest subway system, will be powered by 42% from solar power and
Santiago, Chile
18% from wind power by 2018
Riyadh, Saudi Stations of the new metro system will incorporate solar panels, to reduce power consumed for cooling and lighting at
Arabia
stations by 20%
Cities in China In 2015 more than 100 000 electric buses were on the road in China; 20% of all city buses in the country
Calgary,
Calgary’s light rail transit network is 100 % powered by wind energy
Canada
Medellin,
Metro de Medellín is the only rail-based public transportation in Colombia largely powered by hydroelectricity
Colombia
Monterrey,
The city uses a biogas plant, which runs on waste, to power its metro system
Mexico
Oslo is the city with the highest density of electric vehicles in the world. Across Norway nearly one in every four cars sold
Oslo, Norway
is electric, with hydropower delivering 100% of electricity
The city was recently ranked the most favourable city for electric vehicles in the US, with the most extensive charging
Portland, US
network, planning, and outreach, and three times the average US battery electric vehicle sales
Amsterdam,
Amsterdam has the highest density private charging stations in the world. The city aims to expand its network to 4 000
the
charging points by 2018
Netherlands
Barcelona,
Since October 2013, the city hosts the world’s first electric vehicle charging station powered by a wind turbine
Spain
China is the largest two-wheeler market in the world with more more than 90% of global sales. Cities have played an
Cities in China important role for their uptake. Due to favorable city-level policies, by 2007 more than half of all two wheelers were
electric in Chengdu, compared to less than 10% in Beijing
Several Chinese cities have worked together to reverse a national corn-based ethanol ban, resulting in the approval of
Cities in China
new maize-based ethanol production plants and 10 percent ethanol blends in some provinces
Curitiba through its Biocidade Programme aims to convert all of its Bus Rapid Transit fleet to run exclusively on biodiesel
Curitiba, Brazil
(B100)
Cities in
Organic waste is used for the production of bio-methane to fuel 89 buses of the city of Linköping; in Stockholm 250
Sweden
biogases buses are in operation as part of a long term vision towards a fossil fuel free bus fleet
As part of the Clean Hydrogen in European Cities project, 26 fuel cell hydrogen powered buses are integrated in cities
Cities in
such as Aargau (Switzerland), Bolzano and Milan (Italy), London (UK), and Oslo (Norway). In Munich, Germany, the first
Europe
hydrogen carsharing program was introduced with 50 hydrogen cars available in the city center

Area

Table 3: City examples of the implementation of sustainable energy transport options

Figure 7: Global stock of electric two- to three wheelers, 2014 and 2030
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2.3	Creating smart integrated
urban energy systems
Cities not only consume energy, but also produce it. This
energy needs to be supplied via distribution networks.
As an increasing share of electricity is generated by
variable renewable energy (VRE), in particular wind
and solar power, this brings with it specific challenges.
Figure 8 provides an overview of technologies that can
help build smart, integrated cities, and Table 4 at the
end of this section presents examples of the use of
support technologies, and concepts for sustainable and
integrated urban energy systems.
Today variable renewables account for 5% of global
power generation. By 2030, this will reach 20% with
REmap, and many countries, especially in Europe,
will see VRE exceed one-third (IRENA, 2016b). With
increasing shares of VRE, there is a need to synchronise
supply and demand, as the output of these resources
cannot be fully determined in advance. In order to
balance demand and supply, grids need to become
smarter and more flexible. Cities will play an important
role in enabling this.
As energy generation becomes more distributed (in
industry and buildings), and energy storage more
prevalent (in all sectors), demand side management
(DSM) is becoming a major area of focus. This can take
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place through technical measures, or through flexible
pricing (for example, solar power is cheaper during the
day). Information and communication technology (ICT)
are essential for synchronising demand and supply.

Integrating transport and power
Transport and power will become increasingly
interconnected. Electric vehicles are often charged at
home, or take power from the grid through charging
stations. With the increasing penetration of electric
vehicles, their batteries can play a significant role in
balancing electricity loads, either by shifting when
vehicle batteries are charged (“smart charging”), or
by discharging batteries in times of electricity supply
shortages (“vehicle-to-grid”).

Integrating heat and power
Linkages between power and heating/cooling will also
become more prevalent.
Heat pumps provide a direct way of using electricity to
supply heat. DSM allows them to adjust their output to
accommodate more VRE. One study based on German
data on air-sourced heat pumps showed that 20-30%
of electricity demand for space heating could be shifted
in wintertime, 65% of domestic hot water electricity
demand could be shifted throughout the year, and

Figure 8: Overview of required support technologies and concepts for an integrated urban energy system
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40-90% of cooling electricity demand could be shifted
depending on the time of year (Fischer et al., 2014).
Thermal energy storage (TES) may be needed to allow
buildings and industry to adjust consumption over time.
Charging a heat or cold storage system during high solar
irradiation periods or wind peaks avoids curtailment in
times when variable renewable electricity generation
exceeds demand.
At present, distributed TES in buildings mainly consists
of buffer storage systems to accumulate heat from
electric heaters, but also solar heat, such as in hot water
tanks. Building in daily heat buffers allows for domestic
hot-water production at night. Various other options
for TES exist, such as underground storage (e.g. in
boreholes or caverns), using phase change materials
(e.g. freezing/melting ice), or via chemical reactions
(IRENA and IEA-ETSAP, 2013).

flexibility in managing variable renewable energy. At
the same time, smaller and autonomous grids are
growing in popularity, as a means of providing access to
communities previously left behind.
Cities, or districts within cities, are increasingly
implementing micro-grid architecture. This allows for
islanding; distributed generation (e.g. from rooftop solar
PV or small hydropower) can provide electricity within
the autonomous grid in times of a blackout at the
central utility.

Building smarter grids

A more advanced concept, virtual power plants (VPP),
is also gaining traction in various cities. A VPP includes
one or multiple micro-grids and combines this with
DSM and advanced control and forecasting systems
(e.g. on the availability of wind) to form an integrated
network, and provide a reliable overall power supply.
These concepts are important for cities as they provide
direct solutions they can implement to allow for high
shares of VRE.

Transmission and distribution networks play an important
role in increasing the share of renewable energy in
cities. Electricity grids are becoming interconnected
within countries and across borders, allowing for greater

To maximise potential, significant ICT upgrades will be
needed for existing grid systems. This includes two-way
digital communication devices connected to the grid,
such as power meters, fault detectors, and voltage

City trends: waste-to-energy
In Belo Horizonte, Brazil, a large landfill biogas plant became operational in 2010, capturing methane from
a 30 year-old site. It generates enough electricity to meet the needs of 35 000 people. The average city in a
medium/high income country generates around 400-500 kg of solid waste per capita per year. In a city with
a population of 1 million, waste can produce enough energy to power an average-size cement plant (IRENA
and ICLEI, 2013a).
Smarter waste collection is also creating new opportunities. Rio de Janeiro collected 5.5 million litres of used
cooking oil in 2011, which was used for energy (biodiesel) and non-energy purposes (e.g. soap production).
In 2006, the city of Monterrey, Mexico, adopted the project “Monterrey Cinco” (Monterrey Five), to supply
several urban services with biogas produced from the decomposition of the municipal landfills. Currently,
the facilities generate 20.8 megawatt-hours (MWh) and serve the public lighting of the Metropolitan Area of
Monterrey, governmental offices as well as the transport system Metrorrey (Tecnologico de Monterrey, 2013).
In 2012, the city of Johannesburg developed the Northern Works Biogas project, a combined heat and
power biogas power plant, which covers about 50% of the power requirement of the municipal wastewater
treatment plant. The heat produced will also improve sludge management and increase biogas production
(SALGA and SAGEN, 2012).
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sensors. Smart grids allow a utility to increase its level
of control over millions of connected devices, and to
manage demand and power flows in real time.
Similarly, smart district energy networks can improve
the management of heating and cooling by using
smart heat meters and substations. Accounting for the
availability of waste heat from industry, stored energy,
and heat from solar and combined heat and power
(CHP) plants, such systems can more optimally balance
the demand and supply for heat and cold (European
Commission, 2014). By adjusting the mode of operation
and regulating heat and electricity output, CHP plants
can introduce more flexibility to the power system.

The potential of waste-to-energy and excess
industrial heat
The sustainable use of energy in cities involves creative
thinking, and finding synergies not available during the
fossil fuel era. This means going beyond the energy
sector, and including other important areas of operation.
Cities are large producers of waste. Depending on
the city context, availability of infrastructure and the
regulatory framework, waste can take different routes:
it can be sorted, recycled and reused, combusted for
recovery of energy, or landfilled. There is potential to use
far more waste for energy.
If waste is combusted efficiently, the generated
energy can be used for heat and electricity. After
several recycling trips, materials lose their quality, and
it becomes more cost-effective and environmentally
friendly to combust them for energy recovery.

By 2025, global urban municipal solid waste (MSW)
is projected to increase to 2.2 billion tonnes per year,
from 1.3 billion in 2012 (The World Bank, 2012). MSW
often gets disposed in landfill sites, which leads to the
release of methane, a greenhouse gas that significantly
contributes to global warming. However, this methane
can be captured for the production of biogas.
Municipalities can coordinate district-heating schemes
with other municipal functions, such as waste
management and sewage. Burning MSW simultaneously
provides a solution to waste management and district
heating (Ericsson, 2009; IRENA and ICLEI, 2013a).
Besides being a large consumer of energy, the industry
sector also produces energy as a by-product of its
processes. There are several examples of cases where
this creates significant benefits for cities.
One typical example is biogas, which is a by-product of
the food processing industry. It has many uses, of which
the most common is the cogeneration of power and
heat. Biogas can also be upgraded to biomethane and
injected to the natural gas grid, or used as a transport
fuel.
Excess and waste heat from industry (including heat
recovery from wastewater plants) can be used to
generate electricity in turbines, or reused for space
heating through district energy networks. Such
potential is particularly high in cities with large iron,
steel and chemical plants. The port of Rotterdam in the
Netherlands is home to many chemical plants, and their
excess heat is increasingly being used to serve the city’s
district heating network.
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Cities in
Germany
Cities in
Germany
Cities in the
Netherlands

Cities in the US

In Germany 20 000 privately owned battery storage systems were installed in 2015

In 2015, a trial programme for the smart charging vehicle concept started. In times of high electricity demand, the
utility alerts the car maker who can then delay charging vehicles that are not scheduled to be used
Transmission organization PJM runs a program that compensates customers for reducing their electricity loads during
periods of high power prices or when the reliability of the grid is threatened. By May 2016, nearly 20 000 industrial,
commercial, and residential users were part of the programme
A study in Germany showed that air-sourced heat pumps can play a major role in shifting the demand for electricity;
e.g. 20-30% of electricity space heating could be shifted in wintertime

San Francisco,
US

Thermal storage

Across urban areas, around 2 000 aquifer thermal energy storage systems - combined with heat pumps - have been
installed to date. In the next 10 years, it is estimated that this could grow to 20 000 units.
A large scale smart grid test bed started operation in 2009 towards the objective for a national smart grid for
Jeju, Republic of
Smart power grids
the country by 2030. Technologies tested include smart meters, intelligent power transmissions and distribution
Korea
equipment, a real-time electricity pricing system and integrated electric vehicle charging stations.
Hamburg,
A VPP development and demonstration project includes DSM for buildings, CHP plants, and thermal storage systems
Virtual power plants
Germany
operated by an advanced management system
Reykjavik,
The city of Reykjavik supplies 100% electricity and heat demand from geothermal energy sources including district
Iceland
heating
Smart district
energy networks
10 buildings are part of a smart heat grid - including intelligent control systems to coordinate interaction between
Kalmar, Sweden
production, distribution, and consumption - with plans for linking another 40 premises
A study shows that the solar irradiation of roofs could be increased by around 9%, while that of façades could grow by
London, UK
up to 45% with certain measures to utilise the morphology of London’s neighbourhoods
Building design and
regulation
Santa Monica,
The Municipal Green Building Ordinance demands new family homes and hotels to install solar PV systems with
US
specific minimum total wattage dependent on the building surface (1.5 watts per squarefoot)
Kenyan Urban Roads Authority and lighting manufacturer have jointly installed solar-powered LED street lighting in
Nairobi, Kenya
Nairobi with possible expansion across the country starting in 2012
Street lighting
Kathmandu,
8 000 solar lamps to be installed through a funding scheme shared between government, the city and local
Nepal
community funds
Nagpur, India
As the first Model Solar City in India in 2007 Nagpur installed approximately 72 000 city-wide street lights
Melbourne,
Melbourne targets a tree canopy cover of 40% by 2040 - up from 22% today - to reduce air-conditioning energy
Landscape planning
Australia
consumption as well as lost business during heatwaves
Vancouver,
Urban agriculture
Vancouver promotes urban agriculture to enhance the city’s food security and reduce “distance to fork”
Canada
Ruhr region,
The interconnection between two transregional networks would allow for more industrial waste heat to be used in
Germany
serving district heat to 500 000 homes
Vienna, Austria District heating provides heat to 270 000 people in the city; waste incinerators are a main source of energy
Waste-to-energy
New York, US
The city has run a pilot program since 2013 to produce methane from food waste
Belo Horizonte, In 2010 a large landfill biogas plant became operational in the city producing 28 000 MWh per year, representing the
Brazil
power consumption of approximately 30 000 consumers

Stationary battery
storage

DSM for buildings /
industry

Vehicle-to-grid

Example

Area

Table 4: City examples of the use of support technologies and concepts for sustainable and integrated urban energy systems

Category Technology/
application

Demand side
management

Energy
storage

Grids and networks

R e newa ble Energy i n C i t i e s

Integrated urban planning

32

3.	THE ROAD TO RENEWABLE CITIES
3.1	Energy use in cities: a view to
2030
In 2014, cities worldwide used 139 exajoules (EJ) in
residential and commercial buildings and for inner-city
transport (Figure 9). This amounted to 60% of global
energy demand. According to REmap estimates, by
2030 that number rises by 35%, to 187 EJ, although
scenarios differ considerably depending on average
population density, and climate change.
Generally, the use of energy in all cities is expected to
converge. Cities in the countries of the Organisation
for Economic Co-operation and Development (OECD)

today consume significantly more energy than cities in
non-OECD countries, but are expected to grow more
slowly (Figure 10).
The average New Delhi citizen today uses only 25% of
the energy used by a citizen of Tokyo. However, New
Delhi’s energy use per capita is estimated to grow
by 45% by 2030, mainly driven by increasing levels
of disposable income, while in Tokyo energy use per
capita is expected to decline, primarily because of more
efficient energy use.
Currently 37% of energy used in cities is for space and
water heating (Figure 11). That is projected to shrink to

Figure 9: Energy use in buildings and for transport in cities, 2014 and 2030
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Note: includes heating and electricity use in buildings and road transport energy use, and excludes energy use in industry. Low estimate
includes IPCC Representative Concentration Pathway (RCP) 2.6 scenario and no change in population density. The baseline estimate includes
an average of the RCP 2.6 and RCP 8.5 scenario and a 1% annual decline in population density. The high estimate includes the RCP 8.5 scenario
and a 2% annual decline in population density.

The outlook for urban energy demand up to 2030 is affected greatly by urban sprawl, and to
some extent by global warming.
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Figure 10: Energy use and growth in energy use per capita in the world’s largest cities, 2014-2030
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The highest growth in energy use is expected in cities in the developing world.
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31% by 2030, because many of the fastest growing cities
are in hot climates.

in cities in developing countries, due to rising levels of
wealth and vehicle ownership.

By 2030, transport is expected to account for the
largest share of total energy use in cities, at 35% (up
from 32% today). Half of all global passenger transport
activity already takes place within city borders, and
this is expected to increase. This is especially the case

Electricity use (excluding cooling) is set to increase by
nearly 50%, with its share expanding from 27% today to
29% in 2030. This is mainly due to rising ownership of
household appliances.
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Figure 11: Energy use in buildings and for transport in cities by application, 2014 and 2030
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Note: includes heating and electricity use in buildings and road transport energy use. Electricity excludes energy use for cooling.

Heating accounts for the largest share of energy use in cities today. 2030 projections showing
increasing shares for transport, electric appliances, and cooling.

The share of cooling in urban energy use will remain low
at 5% in 2030, up from 4% today, but in absolute terms
cooling energy use increases significantly, up 68% by
2030. The number of global air-conditioning units is
forecast to rise from 900 million units today to 1.6 billion
units in 2030 (Shah et al., 2015). This implies nearly 1 out
of 5 people will have an air-conditioning unit.
Most of that growth will take place in China, which
already accounts for about one-third of the global airconditioning stock today. Yet, the US will remain largest
user of energy for cooling, due to large system sizes and
higher daily usage levels.
The breakdown of energy use differs significantly across
cities (Figure 12). By 2030, heating is projected to
account for more than two-thirds of energy use in cities
such as Moscow, Seoul, and Tehran. In areas with lower

heating demand, such as New Delhi, Hong Kong, and
Guangzhou, transport will account for most of energy
demand.
Differences also exist within countries, especially larger
ones where climates and economic development levels
vary. In addition, legal, administrative, and financial
frameworks at the national level affect energy use,
and can vary significantly between cities in different
countries. Different solution pathways exist at the city
level, which calls for a more localised approach to
renewable energy deployment.

The Impact of density, population growth and
climate
IRENA analysed the varying level of energy use and
growth in 3 649 cities, categorised by population
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Figure 12: Breakdown of energy use in selected cities, 2030
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Large differences exist between cities, indicating the need for more localised strategies to
promote renewable energy.

growth, number of heating degree days, and population
density. Figure 13 shows the results of this analysis for
2030.
Cities in areas with cold climates represent two-thirds of
the total energy use in cities by 2030, mainly because
they account for nearly 90% of energy used for heating.
In areas with hot climates, transportation and electricity
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for appliances dominate energy use, and cooling is
relatively more important.
Population density also has a large impact on energy
use, particularly for transport but also for electricity and
cooling. Cities with lower population densities consume
more than twice as much energy per capita than cities
with higher population densities.

Figure 13: Energy use by application in different city types, 2030
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in kWh/capita
500

5 000

10 000

Hot
Climates

Cold
Climates

Developing
cities

Developing
cities

Established
cities

Established
cities

Low
population
density

High
population
density

Heating

Low
population
density

High
population
density

Cooling Electricity Transport

Based on IRENA estimates
Note: to distinguish city types the city database was split into top and bottom (lowest/highest 50% of values) based on population growth
2014-2030, population density in 2014, and heating degree days in 2014. Hence, developing cities are those cities with population growth
>2.1% per year in 2014-2030, mostly located in emerging economies. Established cities population growth <2.1% per year in 2014-2030. High
population density is defined as >65 capita/hectare, low population density as <65 capita/hectare. Hot climates are defined as annual heating
degree days > 1231, cold climates are defined as cooling degree days > 1231.

Energy use patterns in cities differ greatly between cities with different levels of development,
population density and climatic conditions.

Established cities continue to have a higher level of energy
use per capita in 2030. However, the projected population
growth for different cities has a pronounced effect on the
change in total projected energy use between 2014 and
2030 (Figure 14). Cities in emerging economies (defined
as population growth >2.1% per year) account for 70% of
the increase in urban energy use by 2030.
Demand for heating varies dramatically between city
types. The lower urban population growth of established
cities and focus on energy efficiency means heating

energy use in these cities (mainly in North America and
Western Europe) will decline. Heating energy use in
developing cities, however, is set to grow by about 20%
or 9.3 EJ up to 2030.
For transport, energy use is expected to increase
in all city types. Only in established cities with high
population density (such as capital cities in Europe) is
less of an increase anticipated, due to an ongoing focus
on more energy efficient modes of transportation, such
as public transport, cycling, and walking.
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Figure 14: The change in energy use by for different applications and city types, 2014-2030
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More than 70% of the growth in urban energy use is found in cities with high levels of
population growth. Transport, electricity, and cooling grow in all city types, while energy use
for heating is set to decline in established cities.

3.2	City-level policies to promote
renewables
Cities can accelerate the switch to renewable energy in
many ways (Table 5).
They work as planners, regulators, tax collectors,
financiers, owners and operators of urban infrastructure.
City governments are uniquely positioned to integrate
renewable applications across their various functions.
Likewise, citizens are coming out in vast numbers to
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mobilise their governments to do more, and faster
on sustainability. Cities can also influence how their
citizens, local businesses and other organizations
behave, through community engagement, stakeholder
consultations and dialogue facilitation. Businesses are
lobbying cities to help them with data, information, pilot
projects, etc. They also pay a pivotal role in knowledge
dissemination through demonstration projects,
feasibility studies, media campaigns, and education
programmes.

Cities as planners
Renewables energy targets

electricity, heat, waste, etc.), to create synergies and
align renewable targets with climate and efficiency
targets.

A growing number of cities have set renewable targets
to increase the share of renewables in their energy
mix. Many are using these targets to align policies
across infrastructure networks (water supply, transport,

The effectiveness of renewable energy targets critically
rests on political commitment and public and private
support (IRENA, 2015c). The engagement of local
politicians, and of cross-party political consensus, is

Table 5: Key roles of city-level governments to promote renewable energy
Key roles

Examples of policies and actions
●● Set city-level RE targets and formulate sustainable energy strategies to align various
policy spheres and stakeholders behind common goals

Vision setting
and planning

●● Establish integrated urban planning processes to promote RE, e.g. combining spatial and
energy planning
●● Integrate renewables-based access solutions into urban development strategies
●● Foster dedicated institutional capacity to coordinate relevant stakeholders
●● Develop and invest in city-owned RE-based power plants, district energy networks and
transportation infrastructure

●● Directly purchase RE power, heating/cooling from private producers
Direct purchase
●● Prescribe a share of RE to supply facilities and services owned and operated by cities, e.g.
and control
though sustainable public procurement
●● Steer the operation of district heating/cooling networks, municipal solid waste
management, and outdoor street lighting to integrate higher shares of RE

Norms and
regulations

●● Introduce regulations based on the legal attributions of cities to promote RE via, e.g.
building codes, permitting procedures, solar ordinances, grid connection regulations,
technical standards, public housing, local taxation, etc.
●● Enable households and businesses to purchase RE through obligations on energy
suppliers, or by aggregating their electricity demand
●● Facilitate low-interest and long-term loans for property owners, project developers and
small-scale purchasers to invest in renewables

Financing

●● Provide flexible financing solutions for building owners and tenants to repay RE
investments through their energy bills
●● Leverage financial resources through mechanisms to de-risk investment in certain RE
technologies or projects; Issue municipal green bonds and create funds to support
municipal RE investments

Advocacy and
facilitation

●● Influence the behavioural choices of citizens by raising awareness about the benefits
of RE through public information and education campaigns, stakeholder consultations,
demonstration projects, voluntary agreements, etc.
●● Disseminate relevant RE information to individuals and companies such as potentials
mapping, open data portals, etc.
●● Promote knowledge sharing among various stakeholders, and strengthen local capacities
and skills through dedicated training programmes on renewable energy
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essential to ensure continuity across electoral cycles – in
particular when city-level renewable energy targets
exceed those at the national level.
This is well illustrated in the case of Freiburg in Germany,
which has a long tradition of active citizen engagement
to promote sustainability. In 2009, a cross-party
coalition of councillors led by the Green Party adopted
the Freiburg Sustainability targets of 50% CO2 reduction
by 2030 and 100% renewable energy by 2050 (City of
Freiburg im Breisgau, 2014).
In some countries, cities have exceeded national targets
to set an example. Malmö, Vancouver, and Canberra, for
example, are working towards 100% renewable energy.
100% renewable cities include a diversity of target types
and strategies. Some are short-term and directly within
the control of cities’ jurisdiction, such as targets aiming
for 100% renewable electricity consumption in municipal
buildings. Others are as ambitious as to induce deep
structural transformation beyond the electricity sector,
to heating and transport and across all users, both
public and private.
To achieve these ambitious targets, cities often need to
look beyond their own territorial boundaries, which may
be too restrictive. This includes exploring opportunities
in surrounding rural areas, which may have good quality
renewable resources (such as agricultural residues, more
land surface for solar and wind, etc.).
A key feature these cities share is that their far-reaching
targets are backed by participatory processes and
strong public support (ICLEI, 2016a).

In 2009, the city of Malmö, Sweden, set targets that
exceeded EU and national targets significantly. The
aim was to achieve carbon neutrality for municipal
operations by 2020, and 100% renewable energy for
the entire city by 2030 (IRENA and ICLEI, 2013c). This
followed an inclusive process, involving companies,
utilities, experts, academia and neighbouring regions.
Notably, the major local energy utility, E.ON, was
engaged in the discussions to formulate the targets.
An increasing number of cities are also targeting a share
of renewable heating or cooling, such as Copenhagen,
Frankfurt, Oslo, Paris and Växjö (UNEP et al., 2015).

Integrated urban planning
Many urban activities do not directly focus on energy,
but can have a significant impact on energy use (e.g.
zoning, buildings, and transportation). This calls for
integrated urban planning, where processes of spatial
and energy planning are combined to find the optimum
solution for site-level development and design (Seto et
al., 2014), not just at the level of buildings but also at
district and city levels. The integration of renewable
energy options into urban planning and sectoral
policies can significantly increase energy efficiency at
the scale of urban infrastructure systems and at the
neighbourhood level (e.g. district energy systems, the
use of waste heat, Transit Oriented Development, etc.).
This includes measures to consider the best orientation
and distances between buildings, the width of streets
to avoid shadows and allowing for the integration of
solar PV on roofs as well as walls.

Box 3: 100% Renewable Cities
A key aspect of cities based on 100% renewable energy relates to the boundaries to which the target applies,
in other words, whether it includes the whole territory of a municipality, city, or region, with the possibility
of importing renewable electricity and fuels. Large cities, often characterised by dense infrastructure and
high population density, may not be able to fully meet their energy demand by relying on renewable energy
within their territorial confines in the foreseeable future, given that the available surface (e.g. on roofs but also
available urban land) is limited (ICLEI, WFC and Renewable Cities, 2015). Therefore, 100% RE city strategies
emphasise the importance for local governments to cooperate with neighbouring municipalities, in some
cases with the region in which they are located. For example, in the region around Freiburg, a 222,000 ha
area was considered to assess whether a regional 100% RE target could be achieved using local renewable
energy sources. The analysis concluded that the region as a whole could meet a 100% target, if at least a 50%
reduction in energy consumption could be achieved (IRENA and ICLEI, 2013b).
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Therefore, a key characteristic of sustainable urban
energy system options and policies is that they
are systemic (Grubler et al., 2012). An often-cited
example is the integration of land-use and urban
transport planning, which extends beyond typical
policy spheres.
Integrated urban planning requires a deep understanding
of planning processes across sectors. Urban policy
makers need to coordinate both horizontally across
municipal departments and local stakeholders, as
well as vertically across multiple levels of governance.
Successful examples, with elaborate renewable energy
targets and clear action plans, include the cities of
Vienna and Vancouver. The Smart City Wien Framework
Strategy establishes a long-term governance structure
to implement Vienna’s 2050 sustainability objectives
including the target of 50% gross energy consumption
from renewable sources (Vienna City Administration,
2014). Vancouver’s 100% Renewable City Strategy by
2050 focuses on buildings, transportation, and green
economic opportunities and emphasizes the need for
strong institutional capacity, not only to green the City’s
own operations but also to raise awareness and guide
the wider public (City of Vancouver, 2015).
A more integrated urban infrastructure can improve
the resilience and security of urban energy systems.
Distributed renewable energy generators can help
increase the reliability and resilience of power grids
by making them less vulnerable to disruptions caused
by natural disasters. In Japan, Higashimatsushima
City suffered from the 2011 tsunami, which resulted in
significant loss of lives and electricity outages of up
to three months. Renewables form an important part
of the post-disaster reconstruction plans, and the city
is currently building Japan’s first disaster-proof microgrid community powered by solar PV and bio-diesel
generators (Movellan, 2015a).
Integrated urban planning is challenging in
implementation and requires coherence and
coordination across different levels of governance. This
systemic approach is most challenging in developing
country contexts, with often weak institutional
capacities and limited resources, especially in small- to
medium-sized cities where the majority of urban growth
is projected to take place in the coming decades. Yet, it
is also in these cities that the greatest socio-economic
benefits from renewables can be reaped.

Cities as agents of sustainable urban
development
Renewable energy solutions play an important part in
sustainable urban development. Decentralised power
generation and clean cooking solutions can help expand
access to modern energy services, a top priority in
developing countries.
In 2012, close to 1 billion people were living in slums
(UN DESA, 2015), without basic infrastructure. In subSaharan Africa, an estimated two-thirds of all new
city inhabitants settle in informal settlements or slums
(WBGU, 2016). Many slum dwellers do not have a
legal status, and have difficulties obtaining electricity
connections due to land tenancy issues.
Decentralised renewables are well suited to meet these
challenges. They can be deployed at speed, to keep
up with slum growth, and can be implemented using
existing distribution channels. They also promote social
and economic activity, contributing to local economic
development.
Off-grid renewable solutions are developing quickly.
The greatest uptake has been in pico-solar PV systems,
which are small 1-10 W systems mainly used to substitute
inefficient sources of lighting (e.g. kerosene lamps and
candles). Over 44 million pico-solar PV systems had
been sold by mid-2015, in 70 countries (BNEF and
Lighting Global, 2016).
Solar PV, small hydropower, biogas, and small-scale
wind systems and mini-grids are also becoming more
popular, as they can be scaled up rapidly by tapping
into locally available renewable energy sources. Interest
in the development of mini-grids is growing as their
cost decreases and technical and policy learning curves
consolidate (IRENA, 2016c).
Governments – both at national and local level – have
a key role to play to in providing public support, and
making energy access an integral part of urban policies.
As planners, municipalities can create economies
of scale by encouraging project aggregation. As
regulators, they can develop and implement quality and
safety standards. Standards have been integral to the
growth of the off-grid solar lighting market (BNEF and
Lighting Global, 2016). In addition, by innovating within
their mandate as tax authorities, city governments can
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develop a framework to incentivise off-grid renewables.
The case of Kasese District in Uganda exemplifies the
importance of strategic partnerships and enabling
municipal frameworks.
Scaling up off-grid solutions is technically feasible
and increasingly cost competitive. They now need
sound enabling environments (overall policy goals,
institutional capacity, stakeholder buy-in, etc.) and
financial resources. Community-led approaches, and
financial support to bring down the cost of connections
or upfront investment (ideally complementing national
support schemes) can significantly scale up renewable
power solutions in informal settlements (World Bank,
2015). Off-grid solutions both reduce electricity bills
for the urban poor while increasing reliability of supply
(GNESD, 2013; Singh et al., 2014; WGBU, 2016).

Cities as owners of municipal infrastructure
The ownership of energy systems and their regulatory
links with city governments is a key aspect to understand
the role of municipal governments promoting the use of
renewable energy (Rezessy et al., 2006).

Power supply
The mandate for energy supply and urban electrification
in cities often lies with national energy utilities and

national regulatory authorities. However, there
are several examples of cities aiming to bring back
municipal energy utilities into local public and collective
ownership (WWI, 2016). This is the case in Europe
and in the US, where the trend is often referred to
as “remunicipalisation”. These models are gaining
popularity given the broader socio-economic benefits
they bring to the communities, mainly in terms of local
jobs and value creation. They also often help address
community resistance to renewable energy projects.
In Nordic countries, numerous cities directly own
municipal energy utilities, and are among the leading
developers, investors and owners of wind, hydro and
bioenergy power (and in case of bioenergy also heat)
generation. In addition, waste and wastewater utilities
often invest in biogas power generation, based on the
methane capture from wastewater, sludge and landfills.
Evidence from Nordic countries shows that municipal
utility ownership is one of the most effective levers for
municipalities to channel funding to renewables.
In Germany, local utilities gained in importance after
German electricity liberalisation in the late 1990s, and
have played an important role in the German clean
energy transition, the Energiewende. In 2012, 860 local
utilities owned and operated electricity distribution
networks, while over 450 local energy co-operatives
owned and ran mostly renewable electricity generation

Box 4: Kasese District’s ambitious Renewable Energy Strategy
The Kasese District in Uganda is comprised of 23 rural sub-counties and one urban authority. The total
population in 2014 was 700 000, 24.5% of which lived in urban areas. In 2012, District authorities, in
cooperation with WWF Uganda Country Office, developed the Kasese District Renewable Energy Strategy,
setting the ambitious targets of 100% access to 100% renewable energy by 2020, notably through small-scale
decentralised renewable energy solutions. Socio-economic benefits were a key pillar of the Strategy, which
set clear targets and a framework for increasing community support, awareness, and training (Republic of
Uganda, 2013). The District government worked together with partners to develop regulations, standards,
and quality control; conducted public awareness campaigns; trained community organisations and local
entrepreneurs in business development; provided job training on how to install and maintain pico-solar
systems; and coordination and oversight of all activities.
Since 2012, over 1 650 Kasese residents have received career training, and the number of businesses, which sell
and install renewable energy equipment has expanded from 5 to 55. The District Council further encouraged
renewables uptake by waiving the cost of trading licenses for small-scale solar providers, enacting tax
exemptions for renewable energy technologies, and providing land for investors who were prepared to build
solar PV mini-grids (IRENA and ICLEI, 2016 forthcoming).
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capacity and distribution systems. Local energy cooperatives and citizens own 47% of the renewable
electricity capacity (IEA, 2016).
Investments by city-run power companies can also
create wider shifts in demand. As of end 2015, 14
Japanese cities had formed companies to generate
renewable power from local resources. With full
deregulation of Japan’s electricity market starting in
2016, the government aims to have 1 000 such cityoperated power companies established by 2021 (WSJ,
2015).
The ownership of municipal energy utilities also has
important implications for financing renewable energy
investments, as discussed in the “cities as financiers”
subsection.

District energy
Many cities have authority over the public distribution
of electricity, gas, heating and cooling. In addition, many
cities own the underground networks through which
energy and communications services are supplied. Cities
can manage and maintain these networks, or grant
concessions to public or private parties. Vienna, for
example, owns its utility companies for district heating,
gas, and electricity, and exerts control to promote the
share of sustainable energy (Grubler et al., 2012).
The city of Paris owns a third of the Paris Urban Heating
Company (CPCU). The company has a concession
contract to distribute hot water or steam, and it
maintains and manages the district heating network
throughout the city. The City of Paris’ Climate Action
Plan aims to double the share of geothermal energy
between 2012 and 2022. It is implemented through its
part ownership of CPCU, and underpins the concession
contract, which promotes a higher share of renewables
in the energy mix of CPCU’s network (UNEP, 2015b).
By the end of 2015, CPCU reached a 50% renewable or
recovered energy share. By the end of 2016, CPCU aims
to increase the share of renewable and recovered energy
to 53%, by launching large biomass plants near the city
with a thermal power of 200 MWth, representing about
10% of its energy mix (CPCU, 2015).
In many jurisdictions, connecting to a district heating
or cooling network can be made mandatory by urban
planning authorities (Grubler et al., 2012). This helps

to create stable demand and provides the necessary
visibility for large investment decisions. For example,
in Växjö, Sweden, municipal regulations require
homeowners to connect to a district heating network,
which is fuelled by biomass. In Reykjavik, Iceland 95% of
homes are connected to the geothermal-based district
heating network. However, many cities also enable
connections through other policies (zoning by-laws,
incentives, consumer protection policies, etc.). It is
important to note that mandatory connection is not
the only model to encourage the use of renewables in
district energy systems (UNEP, 2015a).
Numerous cities seem to be adopting a fully public
model, which can support broader public policy goals
such as energy poverty and affordability by controlling
the tariffs charged for heating. However, the most
prevalent business model is that of Public-Private
Partnerships (PPP). This model enables a strong role
for municipal governments without them necessarily
owning district heating/cooling companies (UNEP,
2015a). In fact, a wide range of models exists for
district energy systems, which closely depend on local
conditions, notably the resources and priorities of cities.

Street lighting
All cities have some degree of control over outdoor
street lighting, and most have full control (C40 and
ARUP, 2015) (IRENA and ICLEI, 2013d). Public lighting
can consume as much as 40% of a city’s energy budget
(Silver Spring, 2013) – this is the case in major Moroccan
cities, for example (Challenge, 2016). With an estimated
300 million street lights in total (Philips, 2016), public
lighting plays an important role in energy consumption
worldwide.
Local governments can take a proactive role by providing
the funding and managing the procurement, installation
and oversight of lights. In Zimbabwe, the local board of
Hwange is self-funding the installation of a pilot project
of 100 solar streetlights, worth around USD 300 000.
This has two objectives: reducing the crime rate, and
the level of electricity bills. The board aims to raise
funds through taxation to eventually replace all existing
streetlights (Phiri, 2016; ZBC, 2016). In Brazil, the local
government of Rio de Janeiro installed more than 4 300
solar lights along a 73 km stretch of the motorway, Arco
Metropolitano. This has enhanced the level of security
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on the highway, without further stressing the local grid
(Kronsbein, 2015).
Stand-alone PV powered street lighting is particularly
beneficial for areas that do not have power grids.
This can be especially relevant in rapidly urbanising
areas. In informal settlements, or in under-developed
areas of a city, stand-alone powered street lights can
be the first step in providing a basic level of electric
lighting, enabling social and productive activity at night
(studying, street vending, community meetings, etc.)
and can improve security conditions. Renewable energy
can also be used in areas where the grid is present but
not reliable, with the same benefits.
In many cases, the role of the local government may
be limited to the procurement and management of
the installation and operation and maintenance (O&M)
of solar streetlights, with funding from other entities.
In Somalia, the national government has funded the
installation of solar streetlights in Las Anod, a town
of 120 000. The town municipality is responsible for
installation and O&M. Increased security is the primary
driver of the project (Egge, 2015).
In some cases, national and city level governments can
work together with consumer groups to fund, install
and operate solar street lights. In Nepal, the Public

Participation Based Solar Street Light Programme is
jointly funded by the Ministry of Federal Affairs and
Local Development (MoFALD), local governments and
consumer groups. The central government provides the
bulk of the funding, with NPR 1 billion (USD 9.4 million),
and varying shares of funding from stakeholders (The
Himalayan Times, 2016) (Figure 15). Municipalities
across the country, including the cities of Pokhara and
Durbarmarg, have invited applications from consumer
groups like consumer committees, citizen awareness
centres, neighbourhood development institutes and
government offices to install solar street lights. These
lights will provide un-interrupted service in areas that
lack grid or suffer from blackouts, as well as reducing
utility bills and CO2 emissions.

Cities as direct consumers of renewable
energy
Local governments are significant energy consumers
in their own right, in hospitals, schools, offices and
street lighting. Their high market share means they can
create a critical mass of in favour of renewable energy,
especially when efforts are co-ordinated at a regional or
national scale.
To do this, cities can use a range of policy instruments
– such as green procurement, auctions – and in

Figure 15: Shares of funding for solar streetlight projects in Nepal
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some cases can become offtakers in power purchase
agreements (PPA). In a PPA, a purchaser or “offtaker”
buys power from a project developer at a negotiated
rate for a specified term without taking ownership of the
system (NREL, 2014).
Many cities can control, or influence, the source of
energy they purchase. This is particularly effective
when they own municipal utilities. In 2013, over 2 000
US communities, home to 1 in 7 Americans, got their
electricity from city-owned utilities (ILSR, 2013). The
Sacramento Municipal Utility District was one of the
first in the country to offer a comprehensive, long-term
contract to local solar producers. By 2012, the entire
100 MW programme had been completed, costing the
utility a low (at the time) 12 US cents per kWh.
In other cases, franchise agreements (legally binding
agreements, which spell out some of the conditions
that apply to a utility company that is using public
property to provide utility services and place a value on
the company’s use of the public right-of-way) between
cities as consumers and utilities as suppliers can be
instrumental.
In 2014, the twenty-year utility franchise agreement
between the City of Minneapolis and its two utilities
(Xcel Energy for electricity and CenterPoint Energy
for natural gas) was set to expire. The City used the
negotiations to explore options to achieve its goal to
generate 10% of its electricity from local, renewable
sources by 2025, which also provided an opportunity for
better grid integration planning of distributed solar PV.

In 2011, Austin, Texas, made history as the largest local
government in the United States to procure 100%
renewable energy for all municipal buildings and
facilities, through a programme called GreenChoice®.
This city-level policy also helped the state of Texas take
a leading role in wind energy production in the United
States.
In some cases, city authorities can use auctions to
procure renewable energy. These auctions can result
in long-term PPAs between the city authorities (or
utility) and a large-scale RE supplier. This can have the
dual effect of helping cities achieve renewable energy
goals in a cost effective manner, while also creating the
demand for large-scale renewable energy projects.
For example, in December 2015, the District of Columbia
(D.C.) in the US signed a PPA with Nextility for 11.4 MW
of capacity, which will be generated by solar PV panels
on roofs and in parking lots of 34 facilities owned by the
city. This is the largest onsite municipal project in the US
(D.C. Government, 2015).
Cities can also join with other organisations to generate
demand for renewables. Several businesses and
universities have teamed up with municipal authorities
in the Melbourne Renewable Energy Project. Developed
and managed by the city council, it is tendering for
110 GWh of renewable energy per year (enough to
power 28 500 households). Melbourne aims to source
25% of electricity consumption from renewables by
2018 and to have zero net emissions by 2020 (Sparkes,
2016).

Box 5: GreenChoice® Program in Austin, USA
The GreenChoice® Program in Austin (US) is a longstanding example of a municipal approach to sustainable
procurement of renewable energy (IRENA and ICLEI, 2013e). Active since 2001, GreenChoice® – which is
offered by the publicly owned utility Austin Energy, and backed by the City – has played an important role in
stimulating and sustaining demand for electricity from renewable sources.
As more residents and businesses subscribe to GreenChoice®, the amount of wind energy in the municipal
composition rises. As a result, Austin Energy became the national leader for voluntary market sales of
renewable energy between 2002 through 2010. This helped the state of Texas emerge as a worldwide leader
in the production of wind energy. In 2015, Austin Energy, the City of Austin’s electric utility, finished first
among all public power utilities in the US for sales of renewable energy, according to the latest rankings from
the Department of Energy’s National Renewable Energy Laboratory (NREL, 2015).
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Cities as regulators
City governments can also promote renewable energy
in their role as regulators. Mechanisms include land-use
planning and zoning, business and residential building
permitting, urban building codes, solar ordinances, grid
connection regulations, technical standards, land-use
planning, and public housing programmes.
Municipal governments can help streamline municipal
building codes. This can include waving height restrictions for rooftop solar systems, simplifying requirements
for building permits, or imposing energy efficiency and
renewable energy requirements, as in the case of the
San Francisco.
Making new buildings “solar-ready” adds almost no
additional construction costs (City of Minneapolis, 2013).
Cities therefore stand to benefit greatly from making all
new buildings ready for the next generation of energy
production. Municipalities can distribute information
on solar-ready guidelines during the permitting or the
design review process.
Social housing programmes also offer a good opportunity, as savings from renewables naturally support
affordable housing (WWI, 2016).
The City of Boston’s (USA) Department of Neighbourhood Development (DND) has since 2007 required all
affordable housing developments be built according

to the Solar Ready Building Planning guidelines of the
National Renewable Energy Laboratory (NREL).
Municipal thermal mandates, also known as Solar
Ordinances, are a compelling example of the impact
of city regulations. In 2007, São Paulo adopted a Solar
Ordinance to lower electricity demand for water heating.
It required all new residential, commercial and industrial
buildings to install solar water heating systems to cover
at least 40% of the energy used for heating water. The
ordinance is estimated to have avoided expenditures
of more than USD 400 million between 2007 and 2015,
according to DASOL ABRAVA (the Brazilian Association
of Refrigeration, Air Conditioned, Ventilation and
Heating Services) (IRENA and ICLEI, 2013f).
A range of social housing programmes have integrated renewable energies in their planning. The savings
achieved through renewables naturally support affordable housing (WWI, 2016). Mexico City’s Social
Housing Programme endorses the use of PV panels
for all multi-family structures (WWI, 2016); (IEA, 2016).
The City of Johannesburg, South Africa, installed solar
energy systems in 2 700 new homes, while refurbishing
the city centre for social housing (WWI, 2016).
Cities can encourage solar PV deployment by creating
a regulatory environment that allows households to
feed or sell their surplus electricity production back to
the grid, including by enacting net metering rules. Net
metering is an electricity sector regulation that allows

Box 6: Solar Ready Building Planning guidelines of the US National Renewable
Energy Laboratory (NREL)
NREL’s Solar Ready Buildings Planning Guide (2009) serves to shape the design of new solar ready
buildings. The objective is to lower solar installation costs while increasing electricity output when using
solar PV technologies. The guide presents three sections on: solar PV, solar thermal (ST) and solar ventilation
preheat (SVP) installations. A checklist and more detailed guidelines provide information to city planners,
policymakers and developers for the planning and construction phase of new buildings.
NREL’s Solar Ready: Overview of Implementation Practices (2012) presents cost advantages through
solar ready construction and discusses relevant legislation and policy tools. It points out that solar ready
construction may be most effective when combined with other tools including Green Building codes,
certification programmes, and education campaigns. The overview further provides Sample Solar Ready
Legislation as a template for regional and local policy makers, which can be adapted to local conditions of
solar ready building requirements, both for commercial and residential construction.
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consumers who generate their own electricity to get a
credit on their bill for the quantity they generate. The
credit can later be used to offset consumption and
excess credit can be remunerated at a specific rate.

Where cities have a limited role in creating policies to
promote renewables in the power sector, they can play
a central role in administering and coordinating national
or state level initiatives.

As discussed above in the subsection on “Cities as
owners of municipal infrastructure”, in some cases,
these rules have been developed by cities with special
jurisdiction over municipal power distribution companies – such as Dubai and Cape Town.

Bangalore, the largest city in the Indian state of
Karnataka, is benefiting from a net-metering programme
to develop rooftop solar capacity. The programme
involves several local and state-level entities including
the Government of Karnataka, the Karnataka Electricity
Regulatory Commission (KERC), and the Bangalore
Electricity Supply Company (BESCOM). The KERC is
responsible for determining the tariffs while BESCOM
is responsible for the administration of the programme.
The programme has grown steadily, with 14 MW of solar
PV installed in the past 3 years.

The Dubai Electricity and Water Authority (DEWA)
has initiated a net metering programme called “Shams
Dubai”. This allows solar PV plants to be connected
to the electricity network, and to be compensated for
surplus electricity fed to the grid by “banking” it for
later consumption. As such, the programme only allows
offsetting of demand and does not allow any payments
for excess generation.
So far, DEWA has received many applications for
installation. The Dubai Ports authority, for instance,
announced in 2015 that they will be adding 30 to 40 MW
of capacity on their premises under the programme.
In some cases, city governments therefore possess
the legislative capability to enact electricity sector
regulations such as net metering, when a similar policy
has not been enacted at a higher government level. This
gap can be an opportunity for municipal authorities to
assert their mandate as local electricity regulators, in
particular by ensuring quality and technical standards.
In about 60% of South African cities, municipal
electricity departments play a formal role in electricity
supply and grid extension. They purchase and sell
electricity to end-users, thereby generating on average
30% and in some cases up to 90% of municipal revenues
(EUEI PDF, 2016 forthcoming). Cape Town, as other
cities in South Africa, sells and distributes electricity to
final consumers. It recently announced a net metering
programme, which, like Dubai, does not offer any
payment for excess generation. Excess generation
can be used as credit to offset later consumption. So
far, the city has succeeded in commissioning more
than 4.5 MW of grid connected small-scale solar PV
capacity, almost all of which has been in commercial
and industrial buildings. The city also developed
guidelines to promote the safe and legal installation of
rooftop solar PV systems.

Local government buildings themselves offer
considerable roof surface, which can be used to produce
solar or wind electricity, and lower their utility bills.
There are numerous examples of such actions in cities
across Australia, China, Europe, India, Latin America,
North Africa, and the US.

Cities as aggregators of demand
Community Choice Aggregation (CCA) is a growing
trend in US energy procurement that could further
increase demand for renewable energy. Under this
model, a municipality or a group of municipalities forms
a new entity known as a community choice aggregator.
This new entity procures electricity in bulk to cover the
combined load of interested residents and businesses
within the municipalities’ political boundaries. By
aggregating energy demand, cities can negotiate
competitive rates with power suppliers and developers,
between 3% and 10% lower than utility rates (US LEAN,
2015).
Much of the electricity comes from independent power
producers that provide renewable energy to the CCA
under a long-term power purchase agreement. The
local utility, which in these cases no longer generates
the electricity, remains responsible for transmission
and distribution of the power, as well as for billing,
collections and other customer services.
Most CCAs offer customers the option of buying
electricity with a higher renewable energy content than
what is available from utilities. In 2012, Chicago launched
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Box 7: Cape Town Requirements for Small-Scale Embedded Generation
There is currently no South African standard for PV installation, nor is there a nationally-accredited PV
installation training course. This creates several technical issues for small-scale solar PV, including the lack of
standards for inverters, the absence of wiring regulations, and a limited number of qualified electricians who
are experienced in the use of direct-current wiring. To address these issues, the City of Cape Town published
guidelines to promote safe and legal installations of rooftop solar PV systems in commercial and residential
settings, which detail the application process to become a small-scale embedded generator in the City of
Cape Town (City of Cape Town, 2016a). The City developed a visually appealing brochure on the safe and legal
installation of rooftop solar PV, and is reviewing low-voltage inspection practices to promote the safety of
municipal staff. The brochure assists potential end-users in selecting a qualified service provider, and provides
an overview of the key requirements to be met prior, during, and after installation (City of Cape Town, 2016b).

a CCA programme that offered savings of 25% to 30%
compared to power utilities, based on a 50% share of
renewable power (OECD, 2012), but the programme
was discontinued in 2015 when the utility dropped its
electricity tariffs. Local officials say the programme may
be resumed if market conditions change (Chadbourne,
2016).
CCAs have seen the most traction in California. The state
went from having one CCA serving 6 000 customers
in 2010 to four CCAs serving more than 400 000
customers as of mid-2016 (Chadbourne, 2016).
Mechanisms like CCA are also being used outside the
United States. In Japan, community utilities are working
with municipal governments in Yamagata and Gunma
prefectures to provide renewable energy to consumers
through CCA arrangements.
The municipality of Nakanojo, a town in Gunma
prefecture, owns 60% of Nakanojo Electric. The company
buys electricity from the town-owned PV systems
and re-sells it to 30 public facilities, including schools
and community centres, at a lower rate than Tokyo
Power Electric Company, the major national-utility. The
neighbouring Yamagata prefecture is also planning to
set up a publicly owned Yamagata Power Company
which will offer renewable energy to its consumers
based on a CCA programme (Movellan, 2015).
In Finland, 34 municipalities – including Helsinki,
Tampere, Oulu and Seinäjoki – plan to take part in the
joint procurement of solar power plants organised by
the Finnish Environment Institute and a joint purchasing
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body (KL-Kuntahankinnat Oy) acting on behalf of the
regional and local governments. Currently, 81 solar
power plants with a combined capacity of 1.2 MWp
(megawatt-peak) are being ordered, and this is set to
increase further. Installation will mainly be in the form
of rooftop systems on hospitals, schools and other
municipal buildings.

Cities as financiers of renewable energy projects
Cities primarily obtain income from tax collection,
as well as transfers from other levels of government,
fines and penalties, charges for services, rents/leases,
or by issuing local debt. In many countries, local tax
collection can amount to several percentage points of
GDP, reaching levels close to 15% of GDP in Scandinavian
countries (Kitchen, 2004; Fjeldstad et al., 2014;
Norregaard, 2013; Spahn, 1995).
In general, however, cities have a limited tax base, and
many are in a weak financial situation. This reduces the
possibility of municipal tax incentives, compared with
national and state-level tax credits (REN21, ISEP and
ICLEI, 2011). Despite their low overall use, the most used
local tax incentives are applied through property taxes
(REN21, ISEP and ICLEI, 2011).
One innovative financing mechanism used by local
governments is to subsidise low-interest loans for
homeowners to invest in renewable energy or energyefficiency, which they gradually pay back through
slightly higher property taxes. This mechanism
underpins the property-assessed clean energy (PACE)
financing model used in the United States (PACE).

The PACE seeks to eliminate the disincentive of property
owners who want to sell their property to invest in
renewable energy or efficiency upgrades, by transferring
the repayment obligation to the new property owner
(OECD, 2013). These financing costs come at a reduced
rate, as local governments can obtain debt at a lower
cost than individuals can.
Property taxes can also be used to recover investments
by the municipality (e.g. in public transport, district
heating and cooling networks or smart energy system)
which increase the value of land and buildings. The
same principle is used to structure loans for household
PV in Berkeley, California and other cities in the US
(REN21, ISEP and ICLEI, 2011).
In cities that own municipal energy utilities, the
ownership model is the most effective lever to channel
funding to energy investments, including renewables.
Finnish municipalities have an established financing
structure to own and finance power generation, called
the “Mankala model”. In the model, a large number
of municipalities and operators create a joint venture,
each owning a small share. In the Mankala model,
the power company sells the electricity and heat to
shareholders at no profit. The shareholders commit
to paying the company’s costs in proportion to their
shares. As a result, the Mankala company becomes
de-risked and can obtain high credit ratings, thereby
attracting low-interest, long-term loans with high
financial leverage. Finally, as it commits to zero profit,
it pays no taxes (Makitalo, 2015). Two examples of wind
power municipal energy utility Mankala companies are

Suomen Hyotytuuli Oy (http://www.hyotytuuli.com/)
and Puhuri Oy (http://www.puhuri.fi/).
Municipal green bonds are another mechanism used
to finance renewable energy investment. Many cities in
developing and emerging countries have limited access
to capital markets. Green bonds can provide municipal
governments with access to low-cost capital to meet
their energy investment needs. Recent analysis shows
that only 1.7% of green bonds proceeds flow to cities
and city-based infrastructure in developing countries.
To date, Johannesburg is the only city in a developing
market to have issued a green bond (CPI, 2016).
In June 2014, Johannesburg issued South Africa’s first
Green Bond (COJGO1) on the Johannesburg Stock
Exchange. Maturing in 2024, this 1.46 billion rand
(USD 140 million) Green Bond aims to finance a biogas
to energy project and a solar water-heating project. The
bond auction was oversubscribed by 150%.
The city’s sound financial situation was instrumental in
attracting investors, building on a solid track record of
issuing bonds since 2004. Johannesburg also received
a positive investment rating from major ratings agencies
(WRI, 2016).
Another example is the City of Gothenburg in Sweden,
which issued its first green bond in September 2013,
selling approximately USD 60 million worth of debt. The
city subsequently issued more bonds in 2014 and 2016.
Eligible projects include renewable energy (solar, wind,
wave and hydro), energy efficiency, waste management,
biofuel production from forestry waste, and smart grids.

Box 8: Vancouver’s Renewable City Information campaign
In the summer of 2015, the City of Vancouver held The Bright Green Summer, a series of stakeholder
consultations and workshops where citizens engaged with elected officials to learn about the Greenest City
2020 Action Plan and the Renewable City Strategy - which aims for 100% RE by 2050. City staff participated
in public events such as the Pacific National Exhibition showground, ‘Doors Open Vancouver’, Pop-up City
Hall, downtown Block Party and the Vancouver Public Library summer reading events, to present existing and
new Greenest City goals, and to gather feedback from citizens.
One aspect of this strategy was the Greenest City Conversations: multiple channels were used to engage
Vancouver citizens on the topic of sustainability, including: Mobile Apps; Table-top Games; Performing Art;
Social Media; Neighbourhood Workshops; and MetroQuest, a multi-scenario interface. At the end of the
consultation process, the City organised a survey on renewables with over 850 respondents. Nearly 80% of
them supported the City’s direction on climate action work (City of Vancouver, 2015).
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Despite these initiatives, the role of cities in financing
renewable energy investment remains limited based
on available data. National governments still have a
key role in supporting the growth of renewable energy
investment in cities.

Cities as advocates and facilitators
The direct interaction between city decision-makers,
mayors and citizens grant cities unique influence over
behavioural choices. As providers of public knowledge,
they can pilot demonstration projects, conduct
stakeholder consultations and feasibility studies,
and disseminate relevant information to companies,
educational facilities and media outlets. Studies show
that despite their sometimes-limited formal powers over
key energy decisions, cities can considerably leverage

their actions and resources by taking a collaborative
approach, in particular by collaborating with the private
sector and civil society (C40 and ARUP, 2015).
Because cities around the world share many similarities
in their functions and levers for action to promote RE,
and more broadly, sustainability, they can greatly
benefit from sharing experiences with partner cities
around the world. In recent years, several initiatives
have been launched to address urban sustainability,
some of which are shown in Table 6. These help
cities discuss the economically most viable and
carbon-effective options, while bearing in mind their
diverse conditions and priorities. Dialogues ideally
involve all stakeholders, in order to ensure long-term
public support. Despite their sometimes-limited
formal powers over key energy decisions, cities can

Table 6: Selected recent international initiatives addressing sustainability in cities.
Initiative

Founded

Institutions

2016 (merger of
Global Covenant of
European Commission,
Covenant of Mayors
Mayors for Climate &
C40, ICLEI, UCLG, UN
and Compact of
Energy
Habitat
Mayors)

Mitigation, adaptation, and secure,
sustainable and affordable energy in
cities, impact of cities on emissions and
climate risk

2016

World Bank, GEF
(funded), with C40,
ICLEI and WRI as
partners

Coalition for Urban
Transitions

2016

C40 Cities Climate
Improving economic, social, and
Leadership Group, WRI
environmental performance (incl.
(Ross Center), New
reducing risk of climate change)
Climate Economy

100% Renewable
Energy Network of
Cities and Regions

2015

ICLEI as contribution to Supporting ambitious lead cities who
the 100% RE Campaign strive for a 100%RE future.

2015

ICLEI, C40, UCLG, R20

Scaling up investments, increased
engagement in national/global
mechanisms, capacity building,
technology transfer, access to climate
finance.

Global District
Energy in Cities
Initiative

2014

40 public and private
institutions (SEforALL,
GEF, ICLEI, C40, EBRD,
IFC, Danfoss, ENGIE,
UN Habitat etc)

Accelerate sustainable energy (energy
efficiency and renewable energy) in
cities through increased investment in
modern district energy systems. Policy
and planning, capacity building, and
demonstration projects.

The Cities Climate
Finance Leadership
Alliance (CCFLA)

2014

36 institutions (ICLEI,
C40, EIB, KfW, GEF,
etc.)

Closing the Low-carbon, Resilient Urban
Investment Gap

Global Platform for
Sustainable Cities

Transformative
Actions Program
(TAP)
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Mobilising investment for urban
sustainability

exert tremendous influence though advocacy and
facilitation.

National governments as enablers of cities
Based on the analysis of more than 3 600 cities, this
study shows that the potential for renewables is high,
particularly in buildings and transport, but it differs
greatly depending on key city characteristics such as
the level of population density, city growth prospects
and demand profiles in cold versus hot climate areas.
Accordingly, renewable energy deployment strategies
require tailored approaches for cities with specific
technology options and enabling policy frameworks.
The relative power of national, state and municipal
authorities varies greatly among countries, and among
policy areas and sectors. Municipalities typically have
higher levels of autonomy regarding spatial planning,
urban transport and the management of municipal
companies and assets. In many cases, they have lower
levels of control over the provision of energy supply.
However, there is growing evidence that cities have
several levers to steer the direction of urban energy
systems towards renewables. Given the wide range of
city-specific contexts, promoting sustainable energy
in cities can be best achieved at the municipal level
whether through planning, regulation, direct investment,
provision of services, or awareness raising. In some
countries, accelerating the switch to renewables would
benefit from significant decentralisation of power
regarding land use management, local energy supply
and transportation infrastructure, and scaling up
financial resources.
Nevertheless, as local governments are bound by national
frameworks and infrastructure systems, cooperation and
coordination of policies and initiatives across different
levels of governance is an essential enabling factor. It can
unlock financial support, capacity building and technical
support, data availability, and new mandates that can
accelerate the transition to a sustainable energy future.
National governments in the developing world have a
key role in providing the supporting framework for cities
to develop their own capacity.
The integration of cities in national and global energy
agendas can increase the level of ambition and catalyse
action both at the local and at the global level.

3.3	The potential for renewable
energy in different city types
The potential for renewable energy in cities differs
greatly depending on population density, the level of
development, and the demand for cooling and heating
(Figure 16).

Heating and cooling
In cold climates, most energy in buildings is used for
heating. In cities in the northern hemisphere, space
heating accounts for nearly a quarter of total urban
energy use in buildings. Solid biofuels combusted in
decentralised boilers in apartments or single family
houses, as well as in district CHP systems, have so far
been the main choice of renewable energy in most
countries.
In cities with high population densities, district heating
using renewables (including solar and geothermal
energy) has significant potential, as network costs form
a large part of the delivered cost of heating. This is
particularly the case for cities in emerging economies,
where heating demand is set to grow the most, and
networks can be integrated from the start with new
construction, which is easier and more cost-effective
than retrofitting existing city blocks.
In established cities, where heating energy use is
expected to decline, renewables can substitute fossil
fuels in existing district heating networks. For cities
where district heating networks are absent, the potential
for decentralised biomass boilers might be higher. Solid
biofuels could be used with minor modifications in
existing boilers and therefore can be used in both
existing and new capacity.
Hot water is required in most countries regardless of
the climatic zone, and with increasing income levels. Its
demand is also increasing. Today, it accounts for about
10% of urban energy use in buildings. District heating
can provide the energy for water heating in high density
cities. Solar water heaters and renewable electricity
sourced heat pumps can deliver low temperature hot
water, and can be easily added to both new and existing
buildings. Solar thermal collectors have more potential
in low density cities, given the higher availability of
rooftop space per unit of energy consumed.
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Figure 16: The potential for renewable energy options for transport and in buildings in different city types.

Renewable energy options for cities

(positioned based on where they have the highest potential)
Developing
cities

District
heating

Building
integrated
Solar PV

District
cooling
Electric public
transit

Solar thermal
Electric
vehicles

Established
cities

Solar
cooling
Rooftop
Solar PV

Electric 2/3
wheelers

Decentralised
bioenergy
Biomethane
and hydrogen

High
population
density

Low
population
density

Heating

Electrification
in buildings

Cooling Electricity Transport

Note: renewable energy is assumed to be used for the electrification and district energy options. Renewable energy options are positioned
based on where they have the highest potential.

The applicability of renewable energy options in cities is conditioned by climatic conditions,
but also population density, and expected growth.

For cooking, which accounts for 10% of global energy
use in buildings in cities, electrification presents the
largest opportunity. In developing countries there is
also the potential for modern cookstoves fuelled by
bioenergy.
Renewable energy technologies for cooling are at an
earlier stage of deployment. Distributed solar cooling
technologies hold potential, provided there is sufficient
availability of rooftop space. District cooling – leveraging
solar thermal energy or cold water from rivers, lakes or
the sea – can supply directly to commercial buildings
or residential districts with higher population density.
This provides more opportunities in expanding cities,
as district cooling systems are easier to incorporate into
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designs for new offices, malls, and apartment buildings,
rather than retrofitting existing infrastructure.

Transport
For transport, two pathways exist to increase renewable
usage: by the use of biofuels (liquid and gaseous) and
through increasing the share of electricity (which can be
generated by renewable power).
Electric mobility has clear advantages for cities in
mitigating air pollution. This has historically consisted
of public transit, such as trams, metro, and train systems.
More recently, cities have seen the rise of electric buses,
trucks, cars, scooters and bikes.

Electric public transit and electric two- to three wheelers
are especially efficient in compact cities and can meet
the fast growing energy demand for transport in cities
located in emerging economies with high population
density. Electric cars will be most applicable in low
population density cities, where the energy used for
transport is significantly higher, due to larger travelling
distances and less frequent use of public transit.

Integrated cities
Finally, with the expected growth of distributed power
generation and storage, electric mobility, as well as the

overall increase in variable renewable power generation,
it is no longer sufficient for cities to look at energy
sectors in isolation.
There needs to be a transition to the systemic and
comprehensive planning of the urban energy system.
This should cover the interrelationships across the enduse sectors (buildings, industry, and transport) and
transformation (power and district heat) sectors, but
also look beyond the energy sector, to urban planning,
building design, waste management, and urban
agriculture.
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4.	CONCLUSIONS AND KEY MESSAGES
Increasing the share of renewable energy sources is
essential to the long-term sustainability and wellbeing
of cities. City-level policy makers have a rich set of
technologies to choose from, along with the opportunity
to take a more integrated approach to a multiplicity
of activities and services. To scale up rapidly and
substantially, most cities will need to increase their focus
on renewables for buildings and transport.
In buildings, rooftop solar PV and solar water heating
are easy to install and offer significant economic gains.
Other effective technologies include renewable-based
district heating and cooling systems, which are most
economical in densely populated cities, and renewablesourced heat pumps, which can be easily integrated in
both new and existing buildings.
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This requires new system-level thinking, in order to
create synergies and manage demand. Many innovative
technologies and concepts exist to promote this, such
as demand-side management, virtual power plants,
vehicle-to-grid, and smart power and district energy
networks. To cope with increasing electric mobility,
distributed generation and storage, as well as smart
appliances, cities need to plan for integrated urban
energy systems, using expertise from multiple sectors –
from urban planning to waste management.
Energy use varies widely between different cities,
depending on their population density, climate, and
rate of growth. While energy policies are often decided
at a national level, city governments are best placed
to tailor renewable energy strategies to specific local
circumstances.

In transport, electric mobility, when powered
by renewable sources, reduces air pollution and is
increasingly cost competitive. Electricity is already
widely used to power public transport, such as
tramways, metros, and other rail systems. Electric trucks,
cars, scooters and bikes have also recently gained
momentum and are well suited to the demands of all
types of cities.

Municipal authorities possess many levers to effect
change. These include planning; regulation; direct
investment; provision of services; and education and
awareness. Accelerating the switch to renewables often
depends on more decentralised decision-making on land
use management, energy supply and transportation
infrastructure, and scaling up financial resources.

As renewable energy technologies spread, buildings
and transport will become increasingly interconnected
with the power system. Building and transport uses can
help to balance the demand and supply of electricity
and provide a flexibility option as the share of variable
renewables such as solar and wind power increases.
Linkages between the electricity and heat sectors will
also gain in importance, through the expanding use
of heat pumps as well as renewables-based district
heating and cooling networks.

Greater cooperation and coordination of policies is
needed across different levels of governance. This can
unlock financial and technical support as well as access
to knowledge and data. National governments can
do more to help cities develop their own capacities.
Likewise, the integration of cities into national and global
energy agendas can increase ambition and catalyse
action for all. The success of international efforts to curb
climate change will be determined, in large part, by the
transition to renewable energy in cities.
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