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Introduction Foreword

Foreword

The milestone COP21 Paris Agreement recognised the importance of energy technology
and innovation in meeting our climate objectives while dictating new climate goals that
are more ambitious than ever. The International Energy Agency (IEA) stands ready to
provide technology and policy advice to rise to the new challenges our leaders have put
before us. This year’s edition of Energy Technology Perspectives (ETP 2016) — marking the
10th anniversary of our flagship publication on energy technologies — showcases the
importance the IEA places on supporting clean energy and energy efficiency. Similarly,
our Energy Technology Network, which has been running now for more than 40 years and
comprises 39 Technology Collaboration Programmes with the participation of more than
6 000 experts worldwide, highlights our commitment to fostering multilateral technology
co-operation.

While the accomplishment of COP21 was an important step forward, the focus must now
turn to implementation. We need to put actions behind our words to lend credibility to our
commitments. We will succeed in this only through greater reliance on partnerships and
collaboration. Just as | have emphasised that the IEA has to “open its doors” to the emerging
economies if global energy challenges are to be tackled effectively, so must we look at
energy technology partnerships at multiple levels, such as between the public and the
private sectors as well as among various sectors of the economy and between the different
levels of government.

The Paris Climate Agreement was made possible in great part by the realisation that a deal
could only work based on a bottom-up approach with proper consideration given to the
views of all stakeholders. Thus, the active engagement of cities, civil society and private
entities brought confidence that all parties could work together to build a world where
human development and environmental responsibility are compatible with economic growth.
The importance of cities is clear: they represent almost two-thirds of global primary energy
demand and account for 70% of carbon emissions in the energy sector. Recognising the
success of COP21, and building on the role of cities as drivers of economic growth and
global energy use, ETP 2016 highlights how national energy policy makers can work with
local governments to make cities more efficient, secure and healthy places to live, while also
contributing to national and global sustainability objectives.

Our analysis shows that clean energy technologies and policies can indeed meet multiple
objectives in the most effective way. For example, sustainable mobility solutions can
increase access to services while reducing congestion and increasing productivity. Efficient
building technologies can reduce energy investment needs while increasing comfort for
residents. Local sources of energy and integrated distribution systems can decrease the
costs associated with delivering various services, while improving resiliency and flexibility.
Cities can also be drivers of innovation, acting as real-life test-beds where linkages
between various technologies, and between technologies and market structures, can be
evaluated to create innovative solutions and business models that can be exported to other
settings. Through case studies, we demonstrate the various opportunities local and national
collaboration can offer, for example, showing how Mexican cities can be key partners to
enable the very ambitious energy transition enacted by the Mexican federal government.
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Recent years have shown how progress can be achieved, but major challenges lie ahead.
With CO, emissions stagnating for the second consecutive year in 2015 despite a growing
global economy, we now have proof that sustainability and growth can go hand in hand,

but the uncertainty associated with lower fossil fuel prices may tempt policy makers to act
based on short-term opportunities. | hope that this edition of Energy Technology Perspectives
will promote a longer-term strategic perspective and that local as well as national
governments will take on board the policy advice provided here to make cities strategic
drivers of a low-carbon future.

Dr. Fatih Birol
Executive Director
International Energy Agency
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Executive Summary

The agreement reached at the 21st Conference of the Parties (COP21) in
Paris could prove to be a historic turning point for reversing the currently
unsustainable trends in the global energy system, provided that this
heightened low-carbon ambition is translated into fast, radical and
effective policy action. Even in the context of low fossil fuel prices, policy
support for low-carbon technologies should mobilise all levers available
to accelerate research, development, demonstration and deployment
(RDD&D) to make decarbonisation the preferred development path. Chief
among such levers is governments’ support for urban energy transitions,
a conclusion that is supported by the analysis of Energy Technology
Perspectives 2016 (ETP 2016), which shows the vast number and size of
cost-effective, sustainable energy opportunities available in cities. Realising
this potential, and the multiple non-climate benefits it presents, will
require national and local governments to work together effectively.

COP21 boosted the momentum

for accelerating low-carbon technology
deployment, but concrete action

will need to match ambitions

2015 may prove to be a pivotal year for climate change mitigation because
for the first time in history all the world’s nations agreed by consensus to
implement actions aimed at decarbonisation under a common legally binding
framework. The Paris Agreement could prove to be a historic milestone for the global
energy sector, sending a strong signal through its aims to peak global emissions as soon as
possible and reach net-zero emissions in the second half of this century, as well as to keep
the global temperature increase well below 2°C and to pursue efforts to limit it to 1.5°C.

The Paris Agreement was a milestone for implementation. For the first time, non-
state actors were invited to be an intrinsic part of the process. Not only were public energy
stakeholders included in the process but non-governmental organisations (NGOs), the private
sector, and regional and local entities as well. Cities were among the front runners, with

their strong role in the lead-up to COP21 through the Lima-Paris Action Agenda as well

their support for the Paris Pledge for Action. The need to accelerate low-carbon technology
innovation has also received significant attention in international fora, with the newly created
Mission Innovation and the Breakthrough Energy Coalition aimed at catalysing investments in
transformational technologies to accelerate decarbonisation.
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A low fossil fuel price outlook poses both unique opportunities and threats

for low-carbon technology deployment. While low fossil fuel prices might slow down
clean energy technology deployment, they also present opportunities to better align policies
with decarbonisation targets, for instance, by accelerating the roll-out of carbon pricing
mechanisms and dismantling costly fossil fuel subsidy programmes. Both oil-exporting and
oil-importing countries took advantage of the mid-2014 collapse in oil prices to unroll costly
subsidy programmes. Low coal prices offer similar opportunities to reduce subsidies on fuel
and electricity prices, but this potential window of opportunity needs to be exploited quickly
since the current favourable conditions might not be in place for long.

The transition requires massive changes in the energy system, and the

2 Degree Scenario (2DS) highlights targeted measures needed to deploy
low-carbon technologies so as to achieve a cost-el ective transition. With the
appropriate policies, such large-scale transformation is realistic and can dramatically reduce
both the energy intensity and carbon intensity of the global economy. Compared with a
scenario wherein technology deployment is driven only by the policies currently in place (the
6 Degree Scenario [6DS]), in the 2DS, with the right support for low-carbon technologies in
conversion processes and end uses, primary energy demand can be reduced by 30% and
carbon emissions in the energy system by 70% (and by one-half relative to current levels)
by 2050. The two largest contributions to cumulative emissions reductions in the 2DS over
the period 2013-50 would come from end-use fuel and electricity efficiency (38%) and
renewables (32%). Carbon capture and storage (CCS) would come in third place with 12%,
followed by nuclear with 7%.

The investment costs of the 2DS across the power sector and the three end-

use sectors (buildings, industry and transport) would not require unreasonable
additional financial e orts from the global economy. Decarbonising the power sector
in the 2DS would cost about USD 9 trillion between 2016 and 2050 (equivalent to 0.1% of

the cumulative global gross domestic product [GDP] over the same period). Achieving the
potential energy savings of the 2DS in the buildings, industry and transport sectors would entail
combined additional investment costs of USD 3 trillion between 2016 and 2050. In particular,
if the full potential for reduced demand for vehicles and road and parking infrastructure
associated with the “avoid” and “shift” options in transport systems is considered, the 2DS in
the transport sector could be achieved with lower investment costs than the 6DS.

Cities are at the heart
of the decarbonisation effort

The energy landscape is shaped by cities. With more than half of global population
and about 80% of the world’s GDP in 2013, cities account for about two-thirds of primary
energy demand and 70% of total energy-related carbon dioxide (CO,) emissions. The
energy and carbon footprint of urban areas will increase with urbanisation and the growing
economic activity of urban citizens. By 2050, the urban population will grow to two-thirds of
global population, and the urban share of global GDP will be about 85%. Continuing current
energy system trends, driven by existing policies such as in the 6DS, will increase urban
primary energy demand by 70% from 2013 levels to about 620 exajoules (EJ) in 2050 when
it will account for 66% of the total (Figure I.1). In parallel, carbon emissions from energy use
in cities (including indirect emissions from power and heat generation) would increase by
50%. Hence, efforts aimed at fostering sustainable urban energy paths are crucial to meet
national and global low-carbon ambitions.
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Urban primary energy demand in the ETP scenarios, 2013-50
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Under the 2DS, growth in primary energy use attributable to urban areas can be
slowed considerably.

Cities should be at the heart of the sustainable energy transition. The 2DS
provides a vision for meeting demand for end-use energy services in cities while at the
same time significantly reducing primary energy use and its environmental impacts. In
fact, cities not only drive energy demand and its environmental impacts; they also offer
great opportunities to steer the global energy system towards greater sustainability.
Accelerating the deployment of clean energy technologies in the urban environment and
supporting behavioural changes among urban citizens can significantly decouple growth
in urban primary energy use and carbon emissions from GDP and population growth while
ensuring continued access to end-use services. For example, in the 2DS, urban primary
energy demand globally can be limited to 430 EJ by 2050 (65% of total primary energy
demand), which represents less than a 20% increase from 2013, while urban populations
are expected to increase by 67% and GDP by 230% over the same period. Relative to
6DS levels, carbon emissions from urban energy use could be reduced by 75% in 2050.
Overall, the potential emissions reduction related to urban energy use by 2050 in the 2DS
amounts to 27 gigatonnes (Gt), equivalent to 70% of the total emissions reduction in the
2DS (Figure 1.2), which would otherwise not be possible without a transformation of urban
energy systems.

Urban energy systems provide significant opportunities for increased efficiency
in delivering transport and building services. In the 2DS, final energy demand in the
urban buildings and transport sectors in 2050 is reduced by 60% (about 80 EJ) compared
with the 6DS. These energy savings can be realised through the avoided "'need" for a
portion of energy end-use services (e.g. reduced length and frequency of trips in compact
cities) and more energy-efficient options to meet the same level of service demand, as in
the case of mode shift from personal cars to public transport, walking and cycling. Energy
savings and lower-carbon fuels in urban buildings and transport can lead to direct and
indirect

(i.e. avoided generation of electricity and heat) carbon emission reductions of about 8 Gt by
2050 in the 2DS (relative to the level achieved in the 6DS) + which is equivalent to almost
two-thirds of the total emissions reduction for these two sectors and to about 40% of the
total for all end-use sectors. Key to a significant portion of this urban sustainable energy
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potential is increased electrification in end uses (electricity is the largest urban energy
carrier in the 2DS by 2050), such as through heat pumps and electric vehicles, coupled with
a decarbonised power sector.
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Key point Urban areas are key to decarbonising the buildings and transport sectors.

The way new cities in emerging economies are going to be built is crucial to
make the 2DS a reality. In emerging economies, urbanisation can increase access to
modern energy services and potentially improve standards of living. In the 6DS, about 90% of
the growth in urban primary energy demand (256 EJ) between 2013 and 2050 will take place
in cities in non-Organisation for Economic Co-operation and Development (OECD) economies,
with even larger shares in the 4DS and 2DS. In parallel, energy-related CO, emissions from
urban energy use would almost double. However, cities in emerging economies can avoid

the lock-in of carbon-intensive urban design characterising many single-use and low-density
urban centres in OECD countries while providing access to modern energy services and a
wide range of other sustainability benefits to their citizens. In the 2DS, the urban primary
energy demand of non-OECD countries grows by about 40% between 2013 and 2050, yet
the carbon intensity of their cities is significantly reduced while their urban economies more
than quadruple.

Though no one-size-fits-all solution exists to ensure urban energy sustainability,
compact and dense urban development is a structural prerequisite to many of
the sector-specific options for carbon emissions reduction. The built environment
can lock the energy system of a city into either inefficient or sustainable energy-use
patterns for decades. For instance, urban form and density can create the premises for
reduced demand for mobility and for greater efficiency of energy use in buildings, including
the opportunity to integrate low-carbon district heating and cooling networks with heat
generated by low-carbon fuels or waste heat from industrial plants. Urban form that
incorporates, for instance, mixed-use and public-transport oriented developments, as well
as size, density, maturity, economy and the local policy-making capacities of urban areas
will heavily influence the appropriate choices of policies and technologies required to

meet 2DS goals, but pathways exist to enable sustainable urban energy transitions in all
circumstances.
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With the official goal of reducing carbon emissions
by 50% below 2000 levels by 2050, Mexico has
embarked on a very ambitious sustainable energy
transition that requires an accelerated low-carbon
deployment in all sectors. The 2DS for Mexico
shows that this path is achievable with existing

or near-commercial technologies and that it can
also provide important additional benefits, such as
reducing air pollution and traffic congestion. A fast
roll-out of a portfolio of technology options will
help to reduce CO, emissions in the 2DS by more
than half by 2050 relative to the 6DS.

The Mexican 2DS is feasible only if local decision
makers can step up their efforts to achieve
greater sustainability, including reversing urban
development patterns that have led to significant
sprawl. About 50% of total domestic transport
and 75% of buildings final energy demand were
associated with cities in 2013. Such demand
would obviously grow with demographic and
economic drivers, and, under the 6DS, almost
doubles from 2013 to 2050. If left unchecked,
direct CO, emissions from urban buildings and
transport will grow in parallel, increasing by 80%

between 2013 and 2050 with transport accounting
for most of this growth. Tackling the growth of
individual transport activity with carbon-intensive
fuels is crucial for the feasibility of the Mexican
2DS. Reduced demand for urban mobility, a shift

to public transport and deployment of low-carbon
vehicles in cities would provide more than 60% of
the emission reductions in transport in Mexico in
the 2DS relative to the 6DS levels by 2050.

Effective policy action to take advantage of the
urban decarbonisation potential would enable
Mexico to lock in its urban infrastructure to more
sustainable paths that could achieve more efficient
energy use for decades. For example, metropolitan
areas in hot climates that will experience high
demand for social housing could set an example by
rolling out sustainable social housing programmes
with high-efficiency multi-residential buildings. This
strategy would allow for the provision of increased
thermal comfort but with limited associated energy
costs. In addition, federal and state governments
should foster greater co-ordination with
municipalities so that unsustainable trends such as
urban sprawl are reversed.

Cities can enable unique, cost-effective
options and synergies to accelerate
the decarbonisation of the buildings sector

Urban buildings today account for about two-thirds of final energy consumption
in the buildings sector. Under the 6DS, urban buildings energy consumption will grow

by as much as 70% over 2013 levels. If the potential for building energy efficiency options

is realised in line with the 2DS, urban buildings final energy consumption could be reduced
by more than 30% in 2050 compared with the 6DS. At the same time, annual buildings
sector direct CO, emissions would be reduced by over 50% compared with 6DS levels. The
most important levers to achieve such potential are the construction of high-efficiency new
buildings, deep energy renovations of existing buildings, and the deployment of energy-
efficient space heating and cooling technologies.

The energy demand of buildings is dominated by space heating and cooling
demand in cities, but accelerated deployment of low-carbon technologies could
help meet or even improve thermal comfort demand while reducing negative
environmental impacts. Representing about 40% of global buildings energy use, space
heating and cooling continues to be a critical area of needed action in the buildings sector,
especially in cities. In particular, space cooling demand will increase significantly in emerging
economies; in the 6DS, by 2050 energy demand for space cooling increases more than
fivefold in urban areas in non-OECD economies, with even higher growth rates in a few
countries, particularly in India where it increases by a factor of 25.
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Cities have several key enabling characteristics that provide additional options
for reducing energy use in buildings. The potential greater concentration of households
in high-rise buildings can provide for lower energy use to meet the same level of end-use
services. In addition, the possibility of connecting to district energy networks can provide
urban households with a more cost-effective and less carbon-intensive heating and cooling
supply than would be available through individual heating systems. Cities also enable the
possibility of developing local expertise to supply energy-efficient buildings technologies as
well as the benefits of economies of scale due to the concentration of demand. Technology
providers can have market access to a large customer base, and urban communities can
spread best practices and customer information faster, accelerating technology diffusion.

Local policy makers have the levers available to drastically shape or reshape
the built environment. Local authorities can foster decarbonisation of the urban
buildings sector through regulatory land-use planning functions by enforcing buildings

codes as well as through planning for efficient, low-carbon or zero-carbon district energy
networks. National policies can foster and complement urban low-carbon buildings policies
in many ways, including through mechanisms affecting the buildings sector as a whole

(e.g. by setting minimum performance standards, fiscal policies, etc.) or, more specifically, for
urban buildings by introducing sustainable urban land-use planning frameworks coupled with
capacity-building initiatives for local planners.

Gathering information is also essential to understand where to prioritise
actions so as to get the biggest return. One prerequisite to enable local planning to
achieve greater sustainability of building energy use is understanding trade-offs between
different clean energy solutions, such as whether it is more cost-effective to extend an
existing district heating network or to pursue deep building energy retrofits. For example, as
local planners assess renovation packages for existing buildings stock and determine the
point at which deeper renovations are no longer cost-effective, that information will help to
guide the effectiveness of buildings policy targets. Capacity for data gathering and analysis
is, therefore, crucial to ensure that decisions can be made with a full understanding of the
opportunities, challenges and trade-offs among the various solutions.

Urban transport systems can lead
the low-carbon transition in mobility

Cities are the main drivers of global mobility demand as a result of direct
passenger transport activity within and among urban areas, as well as
indirectly through freight activity needed to meet the demand for goods of city
residents. Urban transport activities accounted for about 40% of total transport energy
use and total well-to-wheel greenhouse gas emissions in 2013. In addition, a significant
portion of non-urban transport activity results from the material and product demand of
urban businesses and households. Different regional patterns of urban mobility will, in turn,
determine the range of options available to increase the energy sustainability of urban
transport. For instance, in OECD countries, most urban mobility currently takes place with
personal light-duty vehicles, so a shift from personal transport to public transport, walking
and cycling is vital to achieve the 2DS in transport. The role of public transport is equally
relevant in non-OECD economies to avoid sprawl and the associated high share of personal
transport characteristic of some cities of the developed world.

Many opportunities exist in cities to curb transport-related carbon emissions

by reducing trips and trip distances, shill ing activity to public transport, and
progressively adopting more efficient, low-carbon vehicles. In the 2DS, urban areas
can directly deliver nearly half of the energy savings and two-fifths of the emissions reduction
of the transport sector compared with the 6DS by 2050. Higher vehicle efficiency and low-
carbon fuels are necessary pillars for the decarbonisation of urban transport; together they
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provide about two-thirds of the emissions reduction potential. “Avoid” and “shift” options in
urban areas would deliver 36-39% of the emissions reduction in urban transport (and about
15-16% of the total for transport), which highlights the strategic relevance of urban planning
and municipal travel demand management (TDM) policies for the 2DS.

The benefits of less energy- and carbon-intensive urban mobility go beyond

the emissions reductions that can be realised in cities. Low-carbon mobility can
leverage additional local sustainability benefits such as reduced air pollution, decreased
congestion and increased safety. In addition, cities are also important test beds for the
penetration of advanced transport technologies such as new mobility concepts like “Mobility
as a Service” or the incorporation of information and communication technologies (ICTs)
into urban transport (e.g. as a means of integrating public transport services across modes
or even with the eventual advent of autonomous vehicles). Moreover, urban driving is well
suited for the deployment of battery electric vehicles (BEVs) through conventional ownership
models, car-sharing, or dynamic ride-sharing programmes. The urban environment can
provide a suitable niche for BEVs due to lower range requirements and the potential
availability of a concentrated network of public charging points.

Local policy makers have many levers available to increase the sustainability
of urban transport with the appropriate enabling environment. Local authorities
should implement TDM measures that support the uptake of non-motorised (cycling,
walking) and public transport in parallel with accelerated diffusion of electric vehicles,
including electric two-wheelers, public taxi and bus fleets, and light commercial vehicles (for
freight deliveries and other municipal services such as waste collection and postal services).
Pricing policies (e.g. congestion charging, cordon pricing and tolls), regulatory policies

(e.g. access restrictions and registration caps), and investments in and subsidies to public
transport and non-motorised mobility are examples of municipal measures that need to be
aggressively rolled out to meet the 2DS in urban transport. The potential of local policies

to decarbonise urban transport will depend on the ability to leverage national policies that
provide the appropriate pricing signals — most importantly strong personal vehicle and

fuel taxation regimes — as well as national frameworks that enable sustainable transport
planning (and, in particular, transport integrated with land use).

Urban low-carbon energy supply

and smart urban energy networks can
provide many potential benefits at both
the local and national levels

Renewable energy sources located in urban areas can make an important
contribution to meeting the energy needs of cities while at the same time
increasing urban energy resilience and retaining economic value within urban
communities. Among renewable energy sources that can be deployed in urban areas,
rooftop solar photovoltaics (PV), municipal solid waste (MSW), and sewage and wastewater
gas are often already cost-effective today and can play a relevant role in covering the
electricity, heating and cooling needs of cities. Though the potentials from MSW, sewage,
and wastewater gas are not large on absolute scales (e.g. equivalent to less than 4% of
urban electricity needs in 2050 in the 2DS), these energy resources can provide relevant cost
savings for waste and water treatment services provided by cities.

RooK op solar PV can make a significant contribution to meeting electricity
demand in cities. The technical potential for rooftop solar PV could provide up to 32% of
urban electricity demand and 17% of global total electricity demand in the 2DS by 2050.



Introduction

Executive Summary 1 5

Taking into account the competition with alternative generation options, around 5% of the
urban electricity needs would be cost-effectively covered by urban rooftop solar PV in 2050
in the 2DS. The urban solar PV potential is larger in small cities, due to their lower density.
These small cities, however, are often least prepared for realising this potential. National and
regional governments can play a critical role here in supporting cities by addressing the lack
of data and limited financial resources and expertise as well as governance capacity.

Cities can decrease the carbon footprint of their thermal demand by reusing
excess heat from industrial plants located in the proximity of urban areas. The
cost-effectiveness of using industrial excess heat (IEH) in cities depends on local conditions
such as the existence of thermal distribution networks and the quality of the heat source
among others. The global technical potential of medium- and high-temperature IEH that could
be recovered from energy-intensive industries would be equivalent to 2% of current industrial
final energy use or to 3% of urban buildings energy use by 2050 in the 2DS. Regionally,

cities in developing countries have an important opportunity, since 80% of the identified IEH
potential lies in non-OECD economies. To increase IEH recovery, policy frameworks should
encourage process integration techniques in industrial sites and foster the mapping of local
energy resources and urban demands.

System integration of distributed energy services in cities can allow accelerated
penetration of distributed energy sources and peri-urban renewable sources,
increasing the resilience and security of both urban and national energy
systems. In a global scenario characterised by a high build-up of variable renewables and
distributed generation (DG), smarter urban energy infrastructure is an important prerequisite
for achieving the 2DS, providing additional non-climate benefits at the national level (Box 1.2).
The monitoring and control potential from ICT should be incorporated into urban grid
planning. In areas with significant heating demand and where much urban infrastructure
remains to be built (e.g. China), low-temperature district heating networks can provide a
venue for greater system flexibility of national grids.

Smart urban energy networks can leverage the
combined potential of DG and integrated urban
energy grids to provide increased flexibility to
the national energy system. Smart, [CT-enabled
distributed energy resources (including energy
storage) within urban smart energy networks can
provide a range of technical services, allowing
grid operators to better plan and operate national
power systems and, in turn, increase the hosting
capacity for renewable and decentralised energy
technologies at lower cost.

The benefits of smartening urban energy
networks are not confined to power systems:
integrating power, heat and fuel networks can
increase the utilisation of the system, reduce total
costs and offer the national electricity system
greater flexibility. For instance, a district heating
network can link power and heat production

and consumption locally, providing operational
flexibility to accommodate periods of excess

or scarce variable renewable generation in the
national grid. Overall, the greater flexibility
provided by such urban power-to-heat systems can
not only balance variable renewable generation

in the national system but also provide local
balancing and other system services to support the
integration of distributed energy sources.

By enabling a more distributed system where
energy is produced and consumed locally, smarter
integrated urban energy grids can reduce the need
for investments in national energy infrastructure
(including less stringent requirements on reserve
capacity or transmission infrastructure). More
broadly, they can also enhance energy security
through greater redundancy and resilience to
external shocks.
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New, innovative business models are needed for el ective system integration at
the urban level. Examples of innovative business models are “micro-grids as a service” or the
various existing models that turn consumers into producers and “prosumers”, enabling a wide
range of benefits at the local level, including reduced environmental impacts, reduced energy
costs for urban communities, increased energy access and greater security of supply. National
and local policy makers need to work together to enable these synergies and take advantage
of the benefits of smarter urban energy networks, both at the local and national levels (Box 1.2).

Mobilising the urban sustainable
energy potential requires strong support
from national governments to local
policy makers

A large part of the potential energy savings and carbon emissions reduction

ol ered by cities will remain untapped unless policy action is stepped up. Early,
co-ordinated and effective actions are required to avoid locking in inefficient energy systems;
once constructed, buildings, roadways and public transport systems will be in place for
many years. The traditional focus of urban energy policies on meeting the energy service
demand of urban citizens and, at the same, reducing local environmental impacts has been
significantly expanded in the last few years. Many cities have taken on a broader urban
sustainable energy challenge. Over the last 25 years, these cities have adopted a strong
leadership and pioneering role in addressing new energy sustainability issues such as
climate change mitigation and resilience.

The ability of cities to el ectively address local energy sustainability issues
can translate into increased opportunities to meet national energy policy
goals. The capacity of cities to reduce and decarbonise end-use demand as well as to
foster urban energy supply is a strategic enabler for national policies. First, smarter urban
energy networks can provide for greater flexibility of the broader energy system, which

in itself is a pillar for energy security and affordability. Second, reduced air pollution and
traffic congestion are translated into lower costs for national health care systems and into
increased productivity for national economies. Third, greater urban energy resilience to
external shocks such as extreme weather events is also a prerequisite for the strengthened
energy security of the national system.

Cities can also be strategic demonstration labs for innovative energy
technologies and business models, but engagement from local and national
decision makers is crucial to provide the right enabling frameworks for
supporting the urban “innovation mine”. Urban energy systems can provide the ideal
niches for innovative energy technologies (e.g. electric vehicles, building-integrated PV)

to progress from the demonstration phase through deployment to commercial maturity.
Accelerated technology diffusion also brings new opportunities as well as needs for new
business models. Local and national policies have many levers to support the change
spurred by innovative technologies and business models, but the fast pace of such change
requires significant flexibility and responsiveness.

Several policy mechanisms that el ectively pursue urban energy sustainability
are available to local governments. Some of these policy levers can address local
energy sustainability from a more holistic perspective. For example, leveraging the role that
compact urban forms can play in the global sustainable transition will depend significantly
on a strong capacity to implement integrated landuse and transport planning. In addition,
sustainable urban energy plans have been widely adopted across thousands of cities around
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the world. Innovative finance mechanisms (e.g. the Property Assessed Clean Energy
mechanism) and governance approaches (e.g. the Sustainable Energy Utility model) have
also shown their potential to address many barriers to tapping into the local sustainable
energy potential. However, the ambition and effectiveness of these policy approaches are
a function of the human, legislative and financial capacity of the municipal administration,
which often lacks such capacity even in areas traditionally within its domain such as
land-use and transportation planning.

National governments can successfully drive local energy transitions through

a combination of enabling frameworks and regulatory approaches. National
public decision makers can enable cities to pursue local energy sustainability ambitions in
many ways, including: instituting capacity-building programmes for local planners; extending
legislative powers on local taxation, land-use and transport planning; and making available
dedicated funding schemes for urban infrastructure investments. National policy makers can
also introduce mandatory requirements for cities to introduce urban sustainability plans and
energy efficiency minimum standards for municipally owned buildings and public transport
fleets. Furthermore, in many countries, national fiscal legislation can constrain urban sprawl

by setting specific provisions for local land development and use fees as well as property
taxes that provide strong financial incentives for compact and dense development.

No single template exists; policy makers need to choose the appropriate mix
of successful strategies and solutions according to the specifics of cities and
countries. In non-OECD economies, where significant urban infrastructure still needs

to be built, a vast opportunity exists for “positive” (low-carbon) lock-in. Capacity building
and financial assistance are crucial for cities in emerging economies — and national
governments, multilateral development banks, NGOs and international organisations all
have a strategic role to play in supporting cities that still have to build significant new
energy infrastructure. OECD countries, on the other hand, must work on reducing the
carbon footprint of their existing infrastructure — for example, through the retrofitting of
commercial and residential buildings and reserving road lanes for bus rapid transit systems.
Lastly, another important role for OECD countries is to explore and pilot new financial
mechanisms and governance approaches that can generate examples of best practices for

emerging economies.

While recommended actions for decision makers
in different domains such as government or
industry and at different levels (national, local)
are provided in each chapter of ETP 2016, the
following high-level recommendations aim to
summarise the main “entry points” for national
policy makers seeking to foster the sustainable
energy potential of cities:

Better alignment of regulatory frameworks
with technological innovations will support
the uptake of new technologies and innovative
business models in urban energy systems.

The capacity of local governments to
implement effective sustainable energy policies
should be increased, including extending the
legislative power of municipalities where
appropriate.

Extending the ability of cities to generate
revenue and access financing at lower cost will
support their efforts to undertake sustainable
energy programmes and infrastructure projects.

The ability of local officials to implement
integrated land-use and transport planning and
sustainable energy planning should be supported
through nationally funded capacity-building
programmes that, in turn, will greatly benefit
from the experience of international organisations.

Where not already present, establishing
institutional clearing houses will enable stronger
dialogue and co-ordination between the national
and local government levels as well as with other
energy stakeholders on such issues as identifying
challenges to accelerating urban energy
transitions and discussing novel solutions.
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Setting the Scene



The Global Outlook

To achieve a cost-effective transition to a sustainable energy
system, a portfolio approach based on different low-carbon energy
technologies is needed across supply, transformation and end-use
sectors. “The Global Outlook” shows that the sustainable energy
transition can be possible with currently deployed or near-commercial
technologies, but this will require policy makers to take on the
challenge of dramatically accelerating clean energy technology
deployment. The impetus gained after the 21st Conference of the
Parties will need to be translated into swift and structural policy
action, and the low fossil fuel price environment should be a
catalyst for reshaping energy policies to meet ambitious climate
mitigation goals.

25

Tracking Clean Energy Progress

Despite low oil prices, investment in renewables and energy
efficiency was maintained at a historically high level in 2014
and 2015. Sales of electric vehicles are growing exponentially,
while biofuels also had positive developments. Furthermore, the
long-term outlook for nuclear power has improved, due to progress
and construction times. However, notwithstanding positive
developments for some technologies, the broader picture is that
the deployment of the majority of technologies will need to
significantly accelerate to put the global energy system on track
for an impactful low-carbon transition.

77
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The Global Outlook

To achieve the transition to a low-carbon energy system, stronger, more
ambitious policies are required across the energy sector, with further
investment critical to accelerate technology development, reduce costs and
facilitate deployment. The events of the past year have given fresh impetus
to these ambitions. At the 21st Conference of the Parties (COP21) to the
United Nations Framework Convention on Climate Change (UNFCCC), the
global energy, financial and business communities pledged to take action.
Despite low oil prices, investment in renewables and energy efficiency has
been maintained at a historically high level.

Key findings

B The link between carbon dioxide (CO,) B Savings in electricity in the 2DS

emissions and economic growth showed
signs of weakening in 2014. For the link to be
broken, as it must be for the 2°C Scenario (2DS)
to be achieved, improvements in energy efficiency
and deployment of low-carbon technologies

and fuels must be accelerated. While the rise in
deployment of renewables has been impressive,
strong growth in the deployment of other clean
enerqgy options such as nuclear power and
carbon capture and storage (CCS) must follow.

Primary energy demand continued its
growth in 2014. With an 81% share, fossil
fuels dominate primary energy demand but the
fuel mix is projected to gradually become more
balanced in all three ETP scenarios. In the 2DS,
renewable energy would reach 44% of primary
energy supply in 2050.

In the 2DS, the power sector is almost
completely decarbonised by 2050. Extensive
deployment of low-carbon generation leads

to a fall in CO, intensity of electricity to less
than 40 grammes of CO, per kilowatt-hour
(gCO,/kWh) in 2050.

© OECD/IEA, 2016.

compared with the 6°C Scenario (6DS)
correspond to reduced capacity needs in
the power sector. Around 5 100 gigawatts
(GW) of new capacity is avoided between 2016
and 2050. The savings of 3.5 trillion United
States dollars (USD) correspond to one-fifth of
global investments in generation capacity in
the 6DS.

® Renewable energy technologies led

growth in electricity generation capacity
in 2014, accounting for 45% (130 GW) of
global net capacity additions. In spite of low
oil prices, wind capacity grew by 50 GW and
solar photovoltaic (PV) capacity by 41 GW, both
reflecting record additions.

To realise the 2DS, transport emissions
need to peak and begin to decline within
the next decade. Aggressive policies are
required across all modes of transport to meet
the 2DS, with strong interventions to promote
more sustainable transport modes, vehicle
efficiency, and low-carbon fuels.
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Global industrial direct CO, emissions
peak by 2020 in the 2DS, and are nearly
halved compared with the 6DS in 2050.
Despite overcapacity in some regions, global
industrial activity is expected to grow,
increasing the need for near-term action on
energy efficiency and research, development,
demonstration and deployment (RDD&D) to keep
the door open to a low-carbon future.

In 2050, an estimated 57 exajoules (EJ)
could be saved in the buildings sector

in the 2DS compared with the 6DS.

This is equivalent to the total final energy
consumption for nearly all of Africa, the Middle
East and the non-OECD Americas in 2013.

Opportunities for policy action

Around 45% of the savings come from space
heating and cooling.

u The climate change agreement negotiated

in Paris in December 2015 at COP21

has brought a fresh impetus to global
action on climate change mitigation and
adaptation. Countries agreed on an objective
of keeping the increase in the global average
temperature well below 2°C. Following formal
adoption of their Nationally Determined
Contributions (NDCs), countries will be
encouraged to develop and communicate long-
term, low-carbon development strategies that
would lead global emissions to peak as soon as
possible and fall rapidly thereafter.

While actions to decouple energy demand and
economic growth are starting to pay off, efforts
to reduce energy-related carbon emissions need
to be scaled up significantly. Energy efficiency is
an important factor. [nvestment must increase
to grow the energy efficiency market in each of
the main energy sectors.

Decarbonising the energy system is the key

to decoupling global CO, emissions from

economic growth. The Paris Agreement achieved =
at COP21 provides a mandate for policies

to be implemented that oblige continued
improvements in energy efficiency and further
deployment of low-carbon technologies and

fuels.

Low oil prices offer prospects to further address
energy-price subsidies, where reforms have
already led to savings of USD 117 billion over u
the five years to 2014. The low prices have

also led to an estimated USD 380 billion worth
of oil and gas projects being cancelled since
2014. Redirecting some part of these funds to
renewables and energy efficiency would support
the transition to a global low-carbon economy,
while providing countries with the resilience to
withstand future fuel price volatility.

Whereas ageing infrastructure and high levels
of per capita electricity demand characterise

many OECD countries, a major challenge

for developing and emerging economies is

to satisfy growing electricity demand in an
environmentally sustainable manner. This
creates an opportunity to prioritise deployment
of low-carbon technologies, notably renewables,
but also CCS, from the outset rather than
building unabated fossil fuel plants and running
the risk of locking in carbon emissions.

Overconsumption of resources results in
environmental degradation and economic
losses. Regulations should promote material
resource efficiency practices and consider

a systematic approach to evaluating the
energy and emissions impact of infrastructure
investment and manufacturing across the
energy sectors.

Working together with key stakeholders,
governments in both developed and emerging
economies must ensure that consumers

and manufacturers maximise the potential
for energy efficiency. For example, in OECD
countries, deep energy renovations must be
promoted in existing buildings. In rapidly
emerging economies, high-efficiency new
buildings must be constructed over the coming
decades, before the bulk of expected stock is
built.

© OECD/IEA, 2016.
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The year 2015 was extraordinary for energy worldwide. The role of technology in
providing reliable, affordable and clean energy was underlined, directly and indirectly,

by a number of important events. At the United Nations’ Third International Conference
on Financing for Development, in Addis Ababa, heads of state encouraged countries

to consider setting nationally appropriate spending targets for quality investments

in essential public services for all, including energy. In New York, the United Nations
established the 17 Sustainable Development Goals, with the seventh focused on ensuring
access to affordable, reliable, sustainable and modern energy for all. Then came COP21,
the stand-out event of the year.

The Paris Agreement, reached on 12 December 2015, was greeted as a landmark by the
majority of commentators. The agreement secured an enduring, legally binding treaty on
climate action that contains commitments from countries covering 99% of global emissions.
It will enter into force in June 2016, provided 55 countries covering 55% of global emissions
accede to it.

The main aim of the Paris Agreement was to keep the global average temperature rise
this century well below 2°C above pre-industrial levels, while driving efforts to limit the
temperature increase to 1.5°C. However, these aims are aspirational for now, with a
temperature increase closer to 2.7°C estimated as the more likely outcome of pledges
made at COP21 (IEA, 2015a). To meet the longer-term objectives, technology innovation
would be a major factor. Under the Paris Agreement, in recognition that the pace of
innovation needs to increase, international co-operation to finance, develop and deploy
low-carbon technologies was significantly strengthened. Twenty countries came together
to launch Mission Innovation (2016), whereby each participating country undertook to
double its investment over the next five years to reduce the cost and encourage the
deployment of clean energy technologies. In support of Mission Innovation, major players
in the private sector agreed to invest, via the Breakthrough Energy Coalition (BEC, 2016),
along the technology development chain from the laboratory to the market.

The onset of low oil prices also came in 2015. Having already plummeted from more than
USD 115/barrel in June 2014, to under USD 50/barrel in January 2015, prices fell to less
than USD 30/barrel in January 2016. However, for a combination of reasons, the decline

in oil prices has not led to a significant bounce in demand. Growth in global demand has
been modest and is projected to average just 1.2% per year to 2020 (IEA, 2015b). Many
oil-exporting economies have been adversely affected. Oil production costs for many

of them exceed the market price, while, in others, profits have fallen appreciably. For

oil importers, high oil prices from January 2011 to June 2014 prompted investment in
renewables (including biofuels) and energy efficiency, with gas and renewables increasingly
competitively-priced against oil.

The world's largest economies, the People’s Republic of China (hereafter “China”) and the
United States have both made strides to ensure that efforts to decarbonise their energy
sectors are not derailed by cheap oil. China’s industrial restructuring and its “war on pollution’
have triggered a shift; from being the leading engine of global growth in oil demand,

China has become a much less oil-intensive economy. In the United States, fuel economy
standards have increased the fuel economy of new vehicles by 25% since 2007 (University of
Michigan, 2016), which has more than offset any impact that cheap oil has had on a renewed
preference for larger vehicles with higher emissions.
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Both oil-exporting and oil-importing countries took advantage of the mid-2014 collapse
in oil prices to unwind costly subsidy programmes. The current low coal prices offer
similar opportunities to reduce subsidies on fuel and electricity prices. In 2014, fossil

fuel subsidies stood at an estimated USD 493 billion; without the reforms adopted

since 2009, their value would have been 24% higher at USD 610 billion (IEA, 2015c¢).
However, end users are not seeing as much relief from such reductions as might have
been expected and, at the same time, advances in renewables and energy efficiency have
made the global economy less fossil fuel-intensive. This, coupled with the diminishing
role in the fuel mix of coal and, particularly, oil, has softened the impact of lower prices
on demand.

Low oil prices have also led to an estimated USD 380 billion worth of oil and gas projects
being cancelled since 2014 (Wood Mackenzie, 2016). Though these decisions and the
reductions achieved in fossil fuel subsidies do not necessarily release funds, they may offer
opportunities to redirect some additional spend to renewables and energy efficiency, which
would support the transition to a global low-carbon economy, while providing countries with
some resilience against future fuel price volatility.

The International Energy Agency (IEA) World Energy Outlook Special Report on Energy

and Climate Change (IEA, 2015a) was launched in October 2015 as an input to the [EA
Ministerial Meeting and as a special briefing for COP21. In the special report, the IEA
proposed a bridging strategy that could deliver a peak in global energy-related CO,
emissions by 2020." The bridge scenario depends on five measures, the second and

third of which are directly technology-related. The second recommends a progressive
reduction in the use of the least-efficient coal-fired power plants and banning their
construction. The third proposed increasing investment in renewable energy technologies
in the power sector from USD 270 billion in 2014 to USD 400 billion in 2030.

In mid-November 2015, the |EA Ministerial Meeting welcomed ministers and high-level
officials from 29 IEA countries and nine partner countries, along with 30 top business
executives. At this meeting, the [EA Executive Director, Fatih Birol, laid out three main pillars
for modernising the IEA in a transformed global landscape, the third pillar of which was for
the agency to become a global hub for clean energy technologies and energy efficiency.

To underpin this pillar, the IEA planned to strengthen the role of its Technology Collaboration
Programmes, an existing network of 6 000 energy technology experts worldwide. The
ministers issued a statement at the end of their meeting calling for a successful outcome at
COP21, endorsing the bridging strategy and highlighting the enhanced role of technology in
meeting the climate objectives (IEA, 2015d).

The focus on technology is crucial. It is the key to achieving the aggressive changes
within the energy sector needed for the world to limit the global average temperature
rise to 2°C. Energy Technology Perspectives 2016 (ETP 2016) focuses on a pathway

that gives a 50% chance of limiting the global average temperature increase to below
2°C. To identify this pathway and provide the context in which it can be achieved, ETP
uses three scenarios: the 6DS, the 4°C Scenario (4DS)' and the 2DS (Box 1.1). The 6DS
assumes no greenhouse gas (GHG) mitigation efforts beyond policy measures already
implemented, leading to a 60% rise in annual energy- and process-related emissions that
reach 55 gigatonnes of CO, (GtCO,) in 2050. In contrast, CO, emissions in the 2DS are
reduced to just 15 gigatonnes (Gt) in 2050, less than half the current value. The 2DS is
the main focus of ETP 2016.

1 Unless stated otherwise, CO, values refer to the sum of energy-, feedstock- and process-related CO, emissions.
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The ETP model comprises four interlinked
technology-rich models, one for each of four
sectors: energy supply, buildings, industry and
transport. Depending on the sector, this modelling
framework covers 28 to 39 world regions or
countries, over the period 2013 to 2050.

Based on the ETP modelling framework, the
scenarios are constructed using a combination of
forecasting to reflect known trends in the near term
and “backcasting” to develop plausible pathways
to a desired long-term outcome. The ETP scenarios
should not be considered as predictions, but as
analyses of the impacts and trade-offs of different
technology and policy choices, thereby providing

a quantitative approach to support decision
making in the energy sector. The ETP scenarios
are complementary to those explored in the

World Energy Outlook (IEA, 2015¢).

The 6DS is largely an extension of current trends.
Primary energy demand and CO, emissions
(including process and feedstock emissions in
industry) would grow by about 60% from 2013

to 2050, with about 1 700 GtCO, of cumulative
emissions. In the absence of efforts to stabilise the
atmospheric concentration of GHGs, the average
global temperature rise above pre-industrial levels
is projected to reach almost 5.5°C in the long term
and almost 4°C by the end of this century.

The 4DS takes into account recent pledges

by countries to limit emissions and improve
energy efficiency, which help limit the long-term
temperature rise to 4°C. In many respects the
4DS is already an ambitious scenario, requiring
significant changes in policy and technologies
compared with the 6DS. This long-term target also
requires substantial additional cuts in emissions
after 2050, yet with average temperature likely
to rise by almost 3°C by 2100, it is likely to cause
serious climate impacts.

The 2DS is the main focus of ETP 2016. It lays
out an energy system deployment pathway

and an emissions trajectory consistent with

at least a 50% chance of limiting the average
global temperature increase to 2°C. The 2DS sets
the target of cutting CO, emissions by almost
60% by 2050 (compared with 2013), reaching a
cumulative emissions level of about 1 000 GtCO,
from 2013 to 2050. Carbon emissions from fuel
combustion and industrial processes are projected
to continue their decline after 2050 until carbon
neutrality is reached. The 2DS identifies changes
that help ensure a secure and affordable energy
system in the long run, while emphasising that
transforming the energy sector is vital but not
enough on its own. Substantial effort must also
be made to reduce GHG emissions in non-energy
sectors.

Notes: An extended summary can be found in Annex A. Full descriptions of the scenarios and extensive additional global and regional scenario

results can be found online at: www.iea.org/etp.

For the 2DS to be achieved, CO, emissions must be decoupled from economic growth,

i.e. as economic growth continues, global energy-related CO, emissions must fall. Two
components must come together to make this happen. Energy demand must be decoupled
from economic growth and CO, emissions from energy demand.

Efforts to decouple energy demand from economic growth by improving energy efficiency
have met with some success. Investments over the last 25 years have led to a steady
increase in energy efficiency across each of the main sectors — electricity, industry, transport
and buildings. In 2014, the estimate of avoided total final consumption from energy efficiency
investments rose to over 520 million tonnes of oil-equivalent or 22 EJ. The energy efficiency
market is anticipated to continue to grow, even in the current context of lower oil prices

(IEA, 2015e).
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The decoupling of CO, emissions from primary energy demand has been less successful,
but there are signs of movement in the relationship. The energy sector carbon intensity
index (ESCII) has held largely stable over the past 25 years. For a combination of reasons,
however — such as competition from lower-carbon fuels in the United States and China’s
extensive energy transformation — evidence has been building that the CO, intensity of
primary energy demand is losing strength.

Global modelling results

The modelling results from ETP 2016 analysis reinforce the longstanding message that
there is a divergence between where we need to go and where we are headed. The change
in direction needed to steer the global energy system away from unsustainable paths will
need to be fast and structural.

Primary energy demand

In 2014, global primary energy use lay at 570 EJ,2 having risen 20% since 2004, and
comprised oil (31%), coal (29%), natural gas (21%), biofuels (10%), nuclear (5%) and
other renewables (4%). While the share of fossil fuels (81%) has remained stable
since 2004, absolute levels of primary fossil energy use rose by about 100 EJ (25%)).
Energy intensity (the ratio of global total primary energy supply to gross domestic
product [GDP]) decreased by about 5% from 2004 to 2014. This indicates that
actions to decouple energy demand and economic growth are starting to pay off, but
efforts to reduce fossil use and energy-related carbon emissions need to be scaled up
significantly.

In the 6DS, primary energy demand reaches 940 EJ by 2050. Fossil fuels still dominate

the global energy mix, meeting 77% of primary energy needs (Figure 1.1). Though their
share of the total is a few percentage points lower than in 2013, consumption of coal, oil
and natural gas in the 6DS would increase by about 270 E) (58%). The remaining share

of the primary energy mix in 2050 is divided among biofuels (10%), other renewables
(8%), and nuclear (5%). As a result of continued improvements in the conversion of
primary sources and their final uses, the growth rate of primary energy demand in the 6DS
gradually decreases over time, so that by 2050, global energy intensity is 50% lower than
2013 levels.

In the 4DS, stepped-up efforts on energy efficiency lead to slower growth in primary energy
demand, which by 2050 is 10% (or about 90 EJ) lower than in the 6DS. At about 830 EJ,
demand in 2050 is almost 50% higher than 2013 levels. The primary energy mix is still
dominated by fossil fuels (70%), followed by biofuels (12%), other renewables (12%) and
nuclear (6%). Between 2013 and 2050, absolute consumption increases for each of the
three fossil fuels, though the growth in demand for coal is much lower than for oil and
natural gas. Demand for primary renewable energy sources more than doubles from 2013 to
2050, with solar PV, wind and biofuels gaining market traction.

2 20714 data on global primary energy supply, final energy demand, and energy-related CO, emissions are based on
preliminary estimates from the IEA World Energy Outlook 2015. These data will be revised following the finalisation of the
energy balances for the year 2014. For consistency reasons and unless specified differently, all projections in the three ETP
scenarios are benchmarked against the modelling baseline year (2013).
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Under the 2DS, primary energy demand totals 663 EJ by 2050, about 30% less than the
level projected in the 6DS. Such a reduction is possible with an average annual rate of
growth of about 0.5%, almost three times lower than in the 6DS. The fuel mix in the 2DS is
radically different from current levels, with the share of renewables (44%) almost equalling
that of fossil fuels (45%), and nuclear playing a more significant role (11%). Assuming the
same levels of GDP growth in the 6DS and the 2DS, the 2DS requires a decrease in energy
intensity of almost two-thirds from 2013 to 2050, an additional 30% reduction from what is
achieved in the 6DS.

Final energy demand

Final energy demand totalled about 390 EJ in 2014, with oil being the dominant vector

in final uses (39%), followed by electricity (189%), coal (15%), natural gas (15%), biofuels
(119%) and heat (3%). Recent trends highlight increased shares of coal (due to the sustained
growth in its use in the industry sector) and electricity (largely in buildings), and a lower
share of oil.

In the 6DS, final energy demand reaches 667 EJ in 2050, an increase of almost two-thirds
on 2013 levels. Qil is still the dominant carrier in 2050, with a 37% share. Electricity shows
the largest increase among all vectors, tripling in absolute consumption to reach 24% of
final use. Natural gas consumption doubles and its share increases by a few percentage
points.

The effects of greater efforts to decarbonise the economy, which are embedded in the
4DS, are reflected in lower final energy demand than in the 6DS, reaching about 590 EJ
by 2050. The total share of fossil fuels in final use (62%) in 2050 is only slightly lower
than in the 6DS (65%), and their consumption in absolute levels increases by 96 EJ
from 2013.
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The 2DS presents a radically different picture. Final energy demand still grows, but at

a much slower pace than in the 6DS and 4DS, reaching 455 EJ by 2050. The increased
consumption in the scenario time frame (about 15% from 2013 levels) illustrates markedly
different paths in industrialised countries from those in emerging economies, with
industrialised countries exhibiting a much earlier peak in absolute consumption in all ETP
scenarios. However, even many emerging economies will need to reach their peak in final
energy use before 2050 to meet the 2DS.

Overall, the weight of the different carriers in the final energy mix is much more balanced
in the 2DS, with potential benefits for energy security. By 2050 electricity surpasses

oil in the role of most important carrier, with a share of 28%. However, the growth in
absolute levels of electricity (+80%) is less pronounced than in the 6DS. The remaining
share is divided mostly among oil (25%), natural gas (16%), biofuels and waste (15%), and
coal (11%).

CO, emissions

At about 32 Gt, global energy-related CO, emissions were still increasing in 2014, having
risen by about one-quarter since 2004. CO, emissions in 2014° were mainly from four
conversion and end-use sectors: power (38%), industry (26%), transport (21%) and
buildings (8%). If emissions from power generation are allocated to the end-use sectors,
the shares of buildings and industry would rise significantly — to around 30% and 40% of
the total, respectively.

In the 6DS, emissions reach 55 GtCO, by 2050, an increase of almost two-thirds over

2013 levels. The shares of the different sectors in total emissions do not change significantly
over the 2013-50 timeframe in this baseline scenario. Emissions in the 4DS would increase
by about 20% from 2013, reaching 41 GtCO, by 2050. In contrast, the 2DS requires
emissions to be cut by more than half relative to 2013, and by almost 70% compared with
the 6DS.

A portfolio of low-carbon technologies is needed to reach the 2DS cost-effectively.
Some technology solutions encompass different sectors (e.g. renewables in power and
transport); others are almost exclusively relevant to one sector (e.g. nuclear for power).
The two largest contributions to cumulative emissions reductions from the 6DS to the
2DS over the period 2015-50 come from end-use fuel and electricity efficiency (38%)
and renewables (32%). CCS contributes to 12% and nuclear to 7% of cumulative carbon
emissions reductions. The contributions of the different technologies change in relation to
the magnitude of the low-carbon ambition. Renewables and end-use fuel and electricity
efficiency play a bigger role in the transition from the 6DS to the 4DS, whereas CCS and
end-use fuel switching have a more significant contribution to transition from a 4DS
baseline to the 2DS (Figure 1.2).

3 Direct emissions refer to CO, emissions from fuel combustion in a sector; indirect emissions refer to upstream emissions
from the end-use sectors occurring in the power and fuel transformation sectors i.e. allocating the emissions linked
to electricity and heat generation to the end-use sectors based on their electricity and heat consumption. Process
CO, emissions (CO, emissions that are inherently generated in a process, for example, from calcination of limestone
in cement kilns) are excluded in the 2014 estimate.



Part 1 Chapter 1
Setting the Scene The Clobal Outlook 3 3

m Global CO, reductions by technology area, 2013-50

6DS to 2DS

6DS  Renewables 32%

50
M CCS 12%
40 . L.
B Power generation efficiency
S 0 and fuel switching 1%
g M End-use fuel switching 10%
20 0
W End-use efficiency 38%
2DS
i Nuclear 7%
0
2013 2020 2030 2040 2050
Q 6DS to 4DS
1 Renewables 38%
M CCS 6%
W Power generation efficiency
o and fuel switching 1%
Q30 Frofi]
& M End-use fuel switching 5%
20 .
m End-use efficiency 43%
10 2DS
Nuclear 7%
0
2013 2020 2030 2040 2050
. 4DS to 2DS
6DS 1 Renewables 29%
50 W CCS 15%
4DS
40 . -
M Power generation efficiency
o - and fuel switching 1%
o
& M End-use fuel switching 12%
20 -
m End-use efficiency 36%
10
Nuclear 7%
0
2013 2020 2030 2040 2050

Notes: Percentage numbers represent cumulative contributions to emissions reduction relative to the 6DS. End-use fuel and electricity efficiency
includes emissions reduction from efficiency improvements in end-use sectors (buildings, industry and transport), and in end-use fuels (including
electricity). End-use fuel switching includes emissions reductions from changes in the fuel mix of the end-use sectors by switching from fossil fuels to
other end-use fuels (excluding renewables; fuel switching to renewables is balanced under the category Renewables). Renewables includes emissions
reduction from increased use of renewable energy in all sectors (electricity, fuel transformation and end-use sectors). Power generation efficiency and
fuel switching includes reductions from efficiency improvements in fossil electricity, co-generation® and heat plants as well as from changes in the input
fuel mix of the power sector from fossil fuels to less carbon-intensive fossil fuels (e.g. from coal to gas). Reductions from increased use of renewables
or nuclear in the power sector are not included here, but accounted for under the corresponding categories. CCS includes emissions reduction from the
use of CCS in electricity generation, fuel transformation and industry. Nuclear includes emissions reduction from increased use of nuclear energy in the
power sector.

Key point Achieving the 2DS requires a portfolio approach across all sectors and technologies.

4 Co-generation refers to the combined production of heat and power.

© OECD/IEA, 2016.
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Global cumulative CO, reductions in the 2DS compared
with the 6DS by sector, 2013-50
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Key point Actions need to be pursued by stakeholders in all sectors to achieve an optimal

transition strategy.

Sector development in the future
energy system

Achieving the magnitude of cuts in GHG emissions needed to realise the 2DS requires
major action on both the supply side and the demand side in broadly equal measure
(Figure 1.4).

Global CO, reductions between the 6DS and 2DS by sector
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Key point The 2DS requires significant carbon emissions reductions to be achieved in all

end-use and transformation sectors.

Importantly, in targeting a least-cost pathway, ETP modelling and analysis does not
depend on the appearance of breakthrough technologies, rather technology options
employed are either already commercially available or at a stage of development that

© OECD/IEA, 2016.
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makes commercial-scale deployment possible within the scenario period. However,
technology innovation is essential, for example, in accelerating technology development,
reducing technology costs or facilitating market access. This section considers the
potential for a transformation of the global energy system and the role of technologies in
achieving the 2DS across four key sectors: electricity generation, transport, industry and
buildings.

Electricity generation

Current status

The power sector was responsible for 37% of global primary energy use and more than
40% of CO, emissions in 2013. Electricity generation on a global level grew by 3.1%

in 2013, with Asian countries accounting for more than 80% of the growth (and China
alone for 65% of global growth). Electricity is the fastest-growing carrier of final energy
consumed in the industry, buildings, transport and agriculture sectors, with an annual
growth rate of 3.3% in 2013, ahead of final energy consumption for coal, oil, gas and
renewables.

Renewable energy technologies led growth in electricity generation capacity in 2014,
accounting for 45% (130 GW) of global net capacity additions. Wind capacity grew by
50 GW and solar PV by 41 GW, both reflecting record additions despite the low oil prices.
In spite of this rapid growth in renewables, the global electricity generation capacity

of 5800 GW in 2014 was still dominated by fossil fuels, with coal representing 339%,
gas 27% and oil 8% of installed capacity, whereas renewables accounted for 25% and
nuclear 7%.

On a regional level, since 2012, China has been the country with the largest installed
power capacity, which has increased by 14% since then to reach 1 245 GW in 2014, or
21% of global capacity, slightly ahead of the United States (20%). The age structure of
the power plants in these two countries differed drastically, however: in China almost
70% of installed capacity (865 GW) was built within the last decade, whereas in the
United States half of the fleet (580 GW) was over 30 years old (Figure 1.5). Rapid
economic growth and the need for more electricity have also led to massive capacity
additions in other countries in Asia and the Middle East over the last ten years. India
doubled its installed capacity over the last decade. China accounted for more than
40% of global new capacity additions over the last decade, largely in the form of coal
plants. The European Union (EU) and the United States were each responsible for around
10% of global new capacity over that period, which mainly consisted of gas-fired and
renewable plants.

The differences in the age structure of power plants illustrate the different challenges
countries face in decarbonising the power sector. Where demand growth is limited and the
generation capacity is ageing, such as in the United States or the European Union, the main
challenge is gradually replacing existing plants with variable renewables. Growing economies
in Asia and the Middle East must meet a growing demand for electricity, not only resulting
in technical challenges to expand the infrastructure, but also requiring financing and trained
personnel. This creates an opportunity to deploy low-carbon technologies from the outset,
avoiding the lock-in of carbon-intensive infrastructure that occurs if fossil fuel power plants
are deployed.
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m Age structure of existing power capacity by region, 2014
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Key point

Age structure of the power generation capacity today differs drastically across
regions, from an average age of 9 years in China to more than 30 years in Russia
and the United States.

Scenario results

Global final electricity demand more than doubles between 2013 and 2050 in the 6DS
(1249%) and 4DS (104%). In the 2DS, electricity demand increases by only 79%, due in

large part to the increased efficiency of electric end-use services and the replacement of
electricity, e.g. of electric water heaters by solar thermal systems in the buildings sector
(Figure 1.6).> The savings in electricity in the 2DS correspond to reduced capacity needs

in the power sector, avoiding new capacity additions of around 5 100 GW in the period
2016-50 and resulting in savings of USD 3.5 trillion, corresponding to one-fifth of the global
investments in generation capacity in the 6DS. In the 4DS these savings are smaller, but
still amount to reduced capacity needs of 2 100 GW, corresponding to investment savings
of USD 1 trillion.

Despite the lower electricity demand in the 2DS, the electrification of energy services
in the end-use sectors (e.g. heat pumps in the buildings sector or electric vehicles
[EVs] in transport) leads to an increase of electricity in the global final energy mix
from 18% today to 28% in 2050. In absolute terms, electricity becomes the largest
final energy carrier, with a consumption of 125 EJ in 2050, ahead of oil (113 EJ) and
gas (74 E)).

5 The impacts of the reduced final electricity demand on the electricity sector have been analysed by running variants of the
4DS and 6DS, which assume the final electricity demand as in the 2DS. The reduced capacity needs are therefore based on
the 6DS conditions, and should not be confused with the difference in new capacity additions between the 6DS and 2DS,
which is strongly influenced by the transition to low-carbon technologies in the 2DS with different full-load hours than the
dominantly fossil technologies in the 6DS.

© OECD/IEA, 2016.
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Impacts of end-use electricity savings in the 4DS and 2DS

Figure 1.6 .
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Source: [EA analysis and IEA (2015f), World Energy Statistics and Balances, www.iea.org/statistics.

Key point Electricity savings in the end-use sectors not only reduce electricity bills for
consumers, but also provide investment savings in the power sector.

In the 2DS, global electricity generation is almost completely decarbonised by 2050, with
the CO, intensity of electricity falling from 528 gCO,/kWh in 2013 to less than 40 gCO,/kWh
in 2050. This is achieved by extensively deploying low-carbon generation options. At the
global level, the share of renewables in the generation mix increases from 22% in 2013

to 67% by 2050 (Figure 1.7). Coal- and gas-fired power plants equipped with CCS reach
12% of generation in 2050, and the share of nuclear increases from 11% to 16%.

Global electricity generation mix in the 2DS, 2013-50
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Source: [EA analysis and IEA (2015f), World Energy Statistics and Balances, www.iea.org/statistics.

Key point Today fossil fuels dominate electricity generation with 68% of the generation mix;
by 2050 in the 2DS, renewables reach a similar share of 67%.

© OECD/IEA, 2016.
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Globally, the integration of a growing share of electricity from variable renewable sources
(30% by 2050 from solar PV and wind) requires increased flexibility in the electricity system.
Flexible power plants on the generation side, such as combined-cycle and open-cycle gas
turbines, can facilitate increased generation from variable renewables. In the 2DS, the full
load hours of gas-fired capacity more than halve, from 3 300 hours in 2013 to 1 250 hours
in 2050, as gas power plants are used more and more to balance generation from variable
sources. Storage can also shift generation from variable renewables from times of excess
supply to times of high demand. In the 2DS, the global storage capacity, mostly pumped
storage, more than triples to 560 GW by 2050. Like storage, demand response moves
electricity demand to times of surplus electricity supply. Already today’s electricity uses in
buildings (e.g. air conditioning) and industry provide opportunities for increased flexibility
through demand response. The prerequisite is smarter control and operation of electric
services, e.g. through smart meters. The transport sector could also provide opportunities
for demand response. In the 2DS, around 500 million EVs in 2050 are assumed to be
available for smart charging, with an annual electricity demand of 450 TWh. Extending

the geographic area for balancing electricity supply sources and demand centres through
transmission lines is a further option to improve flexibility, but has not been included in the
global scenarios, though the role of transmission is discussed in more detail for the five
Nordic countries in Nordic Energy Technology Perspectives 2016 (Box 1.9).

A further challenge to decarbonise the electricity system is to accelerate the deployment of
low-carbon technologies for generation (Figure 1.8). With the exception of hydropower, the
deployment rate of all low-carbon technologies needs to accelerate over the next 35 years.
The highest deployment rates are needed for solar PV and onshore wind. For solar PV, for
example, the deployment rate has to almost double from 27.5 GW per year (GW/yr) between
2010 and 2014 to 45 GW/yr between 2015 and 2025, a rate that according to preliminary
data has already been exceeded for 2015. A further doubling to 94 GW/yr is needed for the
decade from 2026 to 2035 and almost a further doubling to 189 GW/yr from 2036 to 2050.
Not all of the PV capacity deployment between 2036 and 2050 increases installed capacity,
as one-third of the deployment is needed to replace existing PV panels that have reached
the end of their technical lifetime.

Such accelerations in deployment rates for low-carbon technologies are challenging, but
not unprecedented: annual solar PV capacity additions were on average 4 GW/yr from
2005 to 2009, but grew to 27.6 GW/yr between 2010 and 2014. By supporting research
and development (R&D) of alternative materials, governments can reduce the dependency
on specific materials or production processes. Stable policy frameworks and targets for
low-carbon technology deployment can also stimulate innovation in industry. Predictable
policies are crucial in providing the confidence needed for investments in manufacturing
facilities.

A large, skilled workforce will be needed to develop low-carbon power generation
technologies, build manufacturing plants and install, operate and maintain the plants.

For the wind industry, a work force of around 1.4 million people would be needed in 2025

to reach wind deployment rates similar to those in the 2DS for the decade between 2015
and 2025 (67 GW/yr for onshore and offshore combined) (Lehner et al, 2012). Governments
could help establish the necessary education and training activities, though competition

for skilled engineers and technical staff with other industries may become a potential
bottleneck.

To realise the 2DS, the lock-in of carbon-intensive technologies in the power sector
needs to be avoided. Given the technical lifetimes of the coal power plants currently
operating or under construction, around 1 200 GW could still be operating in 2050. This
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capacity corresponds to almost two-thirds of the global coal power capacity in 2013 and
would emit around 5.4 GtCO, annually — more than three times the 2DS power sector
emissions of 1.4 GtCO, in 2050. Clearly, in this scenario, early retirement of coal capacity
or retrofits with CCS are unavoidable. If new coal capacity is not equipped with CCS

from the outset, it should be designed with future CCS retrofitting in mind, taking into
account space requirements for capture-related equipment and proximity to CO, storage
potential.
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Note: Hydro includes pumped storage.
Source: [EA analysis and IEA (2015g), Medium-Term Renewable Energy Market Report, http://dx.doi.org/10.1787/23070293; IAEA (2016), Power Reactor
Information System (database); Platts (2015), World Electric Power Plant (WEPP).

Electricity savings in end-use sectors not only reduce the capacity and investment needs
(Figure 1.9), but also reduce total CO, emissions in the power sector. More than one-quarter
of the global cumulative CO, reductions for the period 2016-50 in the 2DS compared with
the 6DS are met through electricity savings in the end-use sectors (Figure 1.8).° These
demand-side measures alone could lead to a stabilisation of global CO, emissions from the
power sector at an annual level of around 16 GtCO,. To reach global power sector emissions
of around 1.4 GtCO, by 2050, however, further efforts in the power sector itself are needed,
with contributions from renewables, CCS and nuclear. Renewables contribute 45% to the
cumulative emissions reduction. CCS provides 12%, capturing around 3.5 GtCO, worldwide in
2050, representing roughly half of the total annual CO, captured.” Nuclear energy accounts
for 13% of the emissions reduction in the power sector, with global nuclear capacity more
than doubling to 914 GW in the 2DS.

6 The electricity savings shown in Figure 1.8 are the net impact of two opposing effects on the electricity demand
side: more efficient use or substitution measures reduce electricity demand (e.g. replacing electric water heaters with
solar thermal ones), whereas electrification of some end-use services (e.g. heat pumps, EVs) has an increasing effect.
Overall, the former effect dominates, leading in 2050 to a 20% lower final electricity demand in the 2DS compared
with the 6DS.

7 CO, is not captured only in the power sector in the 2DS, but also at industrial production sites and at fuel production
plants. In total, 6.4 GtCO, are captured in 2050 in the 2DS globally.
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Key technologies to reduce power sector CO, emissions in the 2DS
compared with the 6DS

Figure 1.9
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Note: Percentage numbers refer to the contribution of the technology area to the cumulative CO, reduction in the 2DS compared with the 6DS over the
period 2016-50.
Source: [EA analysis and IEA (2015h), CO, Emissions from Fuel Combustion (database), www.iea.org/statistics.

Key point Electricity savings in the end-use sectors would stabilise power sector emissions;
to realise the 2DS, a portfolio of low-carbon generation technologies is needed
to sufficiently decarbonise electricity.

Power investment needs

Decarbonising power in the 2DS requires total cumulative investments of USD 37.2 trillion
over the period 2016-50, while in the 6DS cumulative investment needs, at USD 28.3 trillion,
are around 24% lower.® These investments include costs for generation of electricity and
heat as well as for transmission and distribution (T&D) and storage.

On a regional level, the major part (85%) of the additional investment is required in
non-OECD countries, notably China (22%) and India (21%), due to their strong growth in
electricity demand of 140% between 2013 and 2050 (Figure 1.10). On a technology level,
renewables combined, at USD 10.7 trillion, account for the lion's share of the additional
investments, followed by CCS (USD 2.1 trillion) and nuclear (USD 1.8 trillion). These
additional investment needs are partly offset by reduced investments in fossil power plants
without CCS of USD 4.2 trillion as well as — due to lower electricity demand in the 2DS -
reduced investments in transmission and distribution infrastructure of USD 2.1 trillion
(compared with the 6DS).

Key actions

The electricity system plays a central role in the pathway to a low-carbon energy

future. The power sector is the largest carbon-emitting sector in many countries, so its
decarbonisation is crucial for deep cuts in emissions. Low-carbon electricity can also replace
fossil fuels in the end-use sectors, e.g. through electrification of transport or heating. Action
is needed in various parts of the electricity system: on the generation side; in the interface
between electricity supply and demand, i.e. the operation of the electricity system; and on
the demand side.

8 Unless specified differently, all USD figures are in purchasing power parity (PPP) constant 2014 terms.

© OECD/IEA, 2016.
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On the electricity generation side, opportunities and challenges differ among countries.
In many OECD countries, where infrastructure is ageing and levels of per capita electricity
demand are saturated, special attention has to be paid to integrating a growing share of
variable renewable generation. In emerging and developing countries, the need to satisfy
growing electricity demand offers an opportunity to deploy low-carbon technologies from
the outset.

Financing low-carbon electricity technologies, which are often capital-intensive, will be a
challenge in both groups of countries. In saturated markets, low electricity prices provide
insufficient revenues to make investments in low-carbon alternatives attractive; in emerging
and developing countries, access to capital and costs of financing can be a major hurdle.
Governments can intervene in various ways to overcome these barriers, from technology-
specific support, such as RD&D, to market regulations and carbon pricing.®

Rapid deployment of low-carbon generation technologies, as envisioned globally in the
2DS, can pose supply-chain challenges. Governments can intervene in various areas to
address potential bottlenecks. Stable policy frameworks are a pre-condition for long-term
investments to avoid supply-demand imbalances in materials or technology components.
Targeted R&D in alternatives may help to reduce dependency on materials, which can be

a critical obstacle to the ramp-up of technology deployment. Engineers and technical staff
will be needed to develop, build and operate the low-carbon power generation technologies.
Governments can take an active role in adjusting university curricula and training activities.

In addition to the extensive deployment of low-carbon technologies, the early retirement of
coal-fired power plants before the end of their technical lifetime is indispensable to realise
the 2DS. Generation from the least-efficient coal-fired power technology (“subcritical” plants)
needs to be progressively reduced by eliminating further construction and by running existing
plants or those under construction only long enough to cover electricity needs and ensure
system security (IEA, 2015a). Newer, more efficient coal-fired power plants should be capable
of being retrofitted with CCS.

9 A detailed discussion of market and investment aspects of decarbonising the power sector can be found in Re-powering
Electricity Markets (IEA, 2016).
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On the electricity system side, incorporating a higher share of variable renewables
and supporting the electrification of end-use sectors will require a more flexible electricity
system. Integrated energy system planning can help to identify the appropriate mix of
the four main flexibility measures within a given electricity system (flexible generation,
electricity storage, interconnectors and demand response) and the possible balancing
options external to the electricity system, e.g. district heating systems or fuel production.
Policy makers can support the planning process by conducting integrated energy system
studies and providing guidance to the different actors in the system, following up with
assistance at implementation and regulatory levels. Existing regulatory and market
frameworks often fail to properly value the system-wide flexibility benefits of certain
technology options, both within and outside the electricity system. Regulations and market
conditions should be adapted to enable new business models that make such system
services economically viable.

On the electricity demand side, increasing the efficient use of electricity can help to
reduce investments both in generation and at the system level to decarbonise the electricity
system. Investigating opportunities to avoid the unnecessary use of electricity and to
improve the efficiency of remaining generation should be a first step in any effort to reduce
emissions in the electricity system. The extra costs of more efficient technologies on the
end-use side are often more than made up by savings in investments in generation or

in T&D.

Transport

Current status

In 2013, transport accounted for 103 EJ or 26% of final energy demand and 7.3 GtCO, or
21% of global energy-related CO, emissions. The rate of growth in transport emissions
closely tracks energy demand. Though emissions continue to increase, growth slackened
to less than 2% per year between 2006 and 2015,'° down from more than 2.5% per year
over the previous ten years. Achieving the 2DS will require that transport emissions peak
and begin to decline within the next ten years, and this will require considerably faster
improvements than historic rates.

The evolution of transport energy demand and GHG emissions depends on changes in
transport activity, shares of activity in different transport modes, the energy efficiency of
each mode, and the carbon content of fuels. Differing characteristics of urban and non-
urban mobility also shape the trajectory of energy and emissions from transport (see
Chapter 5, which focuses on urban transport trends).

Passenger transport. Personal modes dominate passenger travel, particularly in
countries with high incomes and low fuel taxes (Figure 1.11). Canada, Mexico and the
United States have high shares of passenger activity in cars (in passenger-kilometres
[pkm]) and high ownership of large cars. Car travel is also prevalent in European and

Asian OECD countries (though car fleets in these regions are comparatively small and
efficient) and in the Middle East and, to a lesser extent, in Japan and Russia. In China, India
and member countries of ASEAN, personal 2- and 3-wheelers account for high shares of
passenger travel.

10 The analysis was conducted with 2015 as the base year, as the IEA Mobility Model runs on five-year time steps from 1975
to 2050. Readers should note that all values for 2015 are extrapolated based on historic data from time series that extend
through 2013.
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In developing regions, where average income and car ownership levels are lower,

more travel occurs by public transport (bus and rail). Rail activity varies greatly among
non-OECD economies. While Latin America, Africa and ASEAN countries rely primarily
on bus, rail travel is more widespread in China and India. Aviation accounts for 40% of
long-distance travel in OECD countries, and nearly a quarter of non-urban travel at the
global level. As incomes continue to rise, passenger air transport is expected to grow
substantially to 2050.

On average, the energy and emissions intensities of passenger transport by car and air
are far higher than by small road modes (e.g. 2- and 3-wheelers) and public transport
(bus and rail). The global well-to-wheel (WTW)'" GHG emissions intensity'? of cars
typically ranges from about 115 grammes of CO,-equivalent per passenger-kilometre
(gCO,-eq/pkm) to 180 gCO,-eq/pkm, and for aviation the average is around

170 gCO,-eq/pkm. The average emissions intensity of 2- and 3-wheelers is about

11 GHG emissions that take place during the production of transport fuels can be separated into: (1) those occurring between
extraction of primary feedstocks and delivery to the final site of distribution to the end user (well-to-tank), and (2) those
occurring during the combustion of the fuels in the powertrain of vehicles (tank-to-wheel). Together, these make up total
WTW GHG emissions.

12 Emissions intensity varies widely, from about 60 to more than 250 gCO,-eq/pkm, depending on the size and efficiency of
the car and the number of passengers.
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half that of small cars, at 58 gCO,-eqg/pkm, and the average emissions intensity of rail
and public bus is less than half that of 2- and 3-wheelers.”

The continued dependence of road transport on oil products, together with the high

energy intensity of road vehicles and airplanes, implies that energy use and emissions

from passenger transport are currently determined primarily by the magnitude of road
vehicle and aviation activity. Regional differences are also affected by mileages and vehicle
characteristics. Despite the fact that motorised passenger activity in 2015 in China was
almost 50% higher than in the United States, the aggregate energy demand and emissions
due to passenger transport in China are just over half (51%) those of the United States.
The discrepancy is a consequence of several factors: i) a larger contribution from aviation
in the United States; ii) greater relevance of buses and rail services (more than two-thirds
of total passenger activity in China and about 5% in the United States); iii) the importance
of motorised 2-wheelers for personal mobility in China (nearly half of which are electric),
combined with a very limited relevance of 2-wheelers in the United States; iv) usage-related
elements, including, higher mileages and lower average occupancy; and v) the larger size of
cars used in the United States.

Freight transport. The amount of energy used and GHGs emitted per tonne-kilometre
(tkm) vary considerably in different freight modes. On a tonne-kilometre basis, light
commercial vehicles (LCVs) emit about 3.5 times as much as medium freight trucks (MFTs)
and nearly eight times as much as large trucks. Rail and shipping are both more than ten
times more efficient per tonne-kilometre than the average heavy freight truck (HFT).

Freight currently accounts for about 40% of total transport energy use and 42% of

WTW emissions. Despite accounting for only 1% of total tonne-kilometres, urban

freight modes are responsible for about 21% of freight energy use and emissions.

Marine shipping accounts for the majority of freight transport activity (81%), but just
under one-quarter of freight transport energy use. Rail accounts for a greater share

of non-urban freight in certain regions, for instance in countries where the main trade
partners are not connected by sea (e.g. Russia), where large areas are landlocked

(e.g. China, India, Russia and the United States), and where large volumes of commodities
are transported to the coast (e.g. coal distribution by rail, as in China, India and

South Africa).

Scenario results

Meeting the 2DS requires absolute reductions in the volumes of conventional transport
fuels consumed, starting within the coming decade in all OECD countries (Figure 1.12).
Biofuels must gradually replace fossil liquid fuels, most rapidly in trucking and aviation.
Electricity must be phased in rapidly to fuel passenger light-duty vehicles (LDVs),
including cars as well as 2- and 3-wheelers, and short-distance light freight. EVs
(including 2-wheelers) are expected to penetrate most rapidly in OECD countries, China
and India.

Growing incomes and population, together with continued urbanisation, will drive growth in
transport final energy demand across most non-OECD economies, even in the 2DS (notable
exceptions are Russia and China, where energy use peaks within the coming decades in
the 2DS). In the 2DS, energy consumption is expected to stabilise in Latin American and
ASEAN countries and in India in the 2030s, but will continue to increase in Africa through
mid-century.

13 See Figure 5.5 in Chapter 5 for the range of emissions intensities of all passenger and freight transport modes.
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© OECD/IEA, 2016.

To achieve the 2DS, transport energy will need to start to decline in the OECD over
the coming decade. Ambitious policies and technology deployments are also
necessary to check demand growth across non-OECD economies.

In non-urban transport, cars, trucks, aviation and shipping are the main energy-consuming
modes. Reducing energy use and emissions from intercity passenger travel is possible
through strict pricing and regulatory policies, which can spur efficiency improvements,
reduce aggregate car travel, and shift activity to public modes such as intercity bus and rail.
The strong policies recommended in the “key actions” below are needed to set the course
towards realising the emissions abatement required in the 2DS for the transport sector.

A more detailed discussion of policy measures and technological improvements needed to
bring urban transport emissions in line with the 2DS targets is available in Chapter 5.
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Demand for passenger aviation is expected to grow markedly over coming decades,
especially as GDP increases in non-OECD economies. Reducing aviation energy use
requires continuous deployment of energy-efficient technologies together with rapid
expansion of high-speed rail (HSR) to provide an alternative to intra-continental air travel.
Energy efficiency and operational improvements are the main technological means allowing
the aviation industry to move towards the emissions reduction targets that it announced
for 2020 and 2050 (ATAG, 2015a). The electrification of ground level operations and
drop-in biofuels are likely to be the most viable additional instruments allowing the aviation
industry to comply with these announcements (Box 1.3). The industry has also announced
its intention to explore offsets as a potentially more viable means, using the market to
reduce emissions, including for the 2020 target (ATAG, 2015b).

Aggressive vehicle efficiency gains in road freight — driven by fuel economy standards and
higher fuel prices — could curb increases in global final energy use by long-distance trucking,
which is expected to grow from 19 EJ in 2015 to 24 EJ (in the 2DS), 30 EJ (in the 4DS) or
33 EJ (in the 6DS) by 2050. Low-carbon biofuels need to provide additional contributions to

achieve emissions reduction consistent with the 2DS (Box 1.2).

Low-carbon fuel shares are higher in the 2DS than in the 4DS or 6DS (Figure 1.13).
Low-carbon fuels are best suited as conventional fuel alternatives for specific vehicle types,
according to their energy density, supply pathway, and the usage cycle and requirements

of the specific modes.

Electricity and biofuels both play key roles as substitutes to petroleum in the 2DS, but do
not become a substantial part of the fuel mix in either the 4DS or the 6DS. As low-carbon
energy carriers with high energy density, biofuels (Box 1.2) are uniquely suited among
low-carbon alternatives for long-distance trucking and aviation. Energy densities of
batteries, compressed methane and hydrogen are all far too low, and their storage costs too
high, to be viable alternative low-carbon fuels in passenger aircraft, which have limited fuel
storage volumes. The same issues plague heavy-freight trucking and shipping, where long
ranges require large volumes of on-board energy storage, compromising cargo capacity."

Biofuels can be obtained from the conversion of
sugars, starches, vegetable oils, lignocellulosic
materials, and other organic feedstocks into liquid
and gaseous fuels. Conventional biofuel production
pathways are based on fermentation, distillation
and dehydration of sugars and starches. They
typically rely upon dedicated cultivation of crops,
such as sugar cane (e.g. in Brazil) and maize (e.g. in
the United States). Sugar upgrading and advanced
fermentation technologies can be used to convert
intermediate compounds into hydrocarbons,
including compounds suitable for use in aviation.
Vegetable oils are the primary feedstock of
biodiesel production pathways. In conventional

pathways, vegetable oils are derived either from
dedicated crops, such as palm (especially in
Southeast Asia), rapeseed (in temperate climates)
and soybean (e.g. in Brazil), or from waste streams
(e.g. used vegetable oils). Oils are typically
converted to biodiesel through transesterification
Processes.

Advanced conversion technologies such as
hydro-processing or hydro-treating can produce a
wider spectrum of hydrocarbons from vegetable
and waste oils. Alternatively, lignocellulosic
feedstocks (e.g. dedicated tree plantations, waste
wood, switchgrass and miscanthus) can be used

14 Increasing the reliance of long-haul road freight delivery services on low-carbon electricity would require the deployment
of electricity supply infrastructure along the main axes of the road network and the parallel deployment of vehicle
technologies allowing its use. This solution was discussed in ETP 2014 (IEA, 2014) but was not considered in the
development of the 2DS scenario for ETP 2016.
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to produce ethanol, biodiesel and bio jet kerosene
via various biochemical and thermochemical
conversion processes.

Performance varies widely within and among
different feedstocks and conversion technologies
in terms of GHG emissions, costs, logistics and
other natural resource and environmental impacts.
Performance can differ significantly even for a
single feedstock and conversion pathway, due

to a wide range of possible climatic, agronomic,
geographic, technological and economic contexts.
Consequently, different penetrations of biofuel
production technologies can lead to widely
disparate energy demand and GHG emissions
impacts (van der Voet, Lifset and Luo, 2010;
Whitaker et al,, 2010), as well as variable
environmental, cost and efficiency performance
(JRC, 2014; ANL, 2015).

The complexity of estimating economic,
environmental and natural resource impacts

of biofuels production is highlighted by

its contribution to land-use change (LUC),
either directly through changes in the use or
management of the land cultivated for biofuel
feedstocks, or indirectly (i.e. as a consequence
of market impacts) (Searchinger et al,, 2008;
Rajagopal and Plevin, 2013; Plevin, Delucci and
Creutzig, 2014). LUC alters the stock of carbon
sequestered in, and nitrous oxide emitted from,
the soil and plants, and these changes can alter
the WTW GHG emissions balance of biofuels
substantially (Reay et al, 2012; Smith et al,
2012; Davidson and Kanter, 2014).

Biofuel production pathways using
lignocellulosic feedstocks tend to incur low
WTW emissions, especially if they rely on waste
and residues (Malins et al., 2014). This can be
the case even in cases where the WTW energy
conversion efficiencies are very low. Ethanol
from sugar cane also qualifies among the better
performing options, provided that its production
leads to limited LUC (this, however, depends on
location- and market-specific circumstances).
For these reasons, lignocellulosic biofuels and
sugar cane ethanol production are expanded in
the 2DS.

Lignocellulosic production is now at a pivotal
developmental stage, with prospects for expansion
hingeing upon the technical and financial
performance of pioneering plants (IEA, 2015g).
Biofuels development in the 2DS requires
increased policy support in the form of mandates
for advanced biofuels or fuel quality standards
that favour pathways with the greatest reductions
in WTW emissions.

Recent analysis of break-even oil prices for
lignocellulosic biofuels indicates that they are
currently not competitive with petroleum-based
transport fuels at 2015 crude oil prices, but would
require breakeven oil prices ranging from USD 100
per barrel (bbl) to USD 130/bbl (IEA, 2015g).
Investment costs for plants using gasification
biomass technologies are estimated to be twice

as high as commercial-scale advanced biofuel
plants using hydrolysis- and fermentation-based
technology (IEA, 2015g). Moreover, current
production of biofuels falls short of what was
projected in earlier assessments (e.g. [EA, 2011), and
many recent cost estimates for advanced biofuels in
2030 are not optimistic (e.g. LowCVP, 2015).

Production costs for advanced biofuels need to

fall faster over the long term, so that biofuels
eventually become competitive with conventional
fuels once the impacts of WTW GHG emissions are
incorporated (e.g. through CO, pricing or low-carbon
fuel standards). Cost reduction opportunities

exist across the supply chain, via yield increases,
conversion of low-cost residues or waste feedstocks
(though volumes of these are often limited),
production scale-up (though with cost penalties

for transporting biomass to conversion plants),
improvements in the design and operation of plants,
and reductions in enzyme costs.

The above considerations underscore the magnitude
of the challenge facing the advanced biofuels
industry, and justify lowering of biofuel demand

in the 2DS in ETP 2016 compared with previous
editions. Biofuels contribute 6.9 EJ in 2030 and
more than 24 EJ by 2050 to the transport energy
mix. Compared with the 4DS and 6DS, biofuels
production in the 2DS is 35% to 45% higher in
2030 and more than twice as high in 2050.
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Key point

Low-carbon fuels (including conventional and advanced biofuels, electricity,
hydrogen, and natural gas) account for 41% of final energy consumption
in the 2DS, as opposed to only 14% in the 4DS and 13% in the 6DS.

Passenger vehicle fleets need to electrify rapidly in the 2DS (see Chapter 5). In non-urban
transport, passenger cars and light commercial vehicles electrify more quickly than
heavy-duty road freight vehicles, driven by strong policy support. Intercity rail networks
electrify rapidly as well, driven by the development of high speed rail. The deployment

of fuel cell electric vehicles (FCEVs) occurs primarily in the LDV fleet, but is limited by
high investment risks: hydrogen use reaches 1.5 EJ by 2050, or about 1.5% of total final
energy demand.''®

15 A scenario considering higher penetration of hydrogen in the fuel mix, following policy developments particularly favourable
for hydrogen technologies, is discussed extensively in IEA (2015i).

16 Note that the share of electric and fuel cell electric vehicles in passenger and freight fleets is higher than their share
of final energy because these technologies have higher powertrain efficiencies than internal combustion engines
(see Figure 5.11 for technology penetrations in the 2-wheelers, LDV, and truck fleets in the 2DS, 4DS, and 6DS).

© OECD/IEA, 2016.
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GHG emissions in transport follow different trajectories across global regions in all scenarios
(Figure 1.14). In OECD countries, transport emissions have effectively stabilised; even in the
6DS, WTW emissions increase by less than 3%, and in the 4DS, modest policies lead to a
reduction in 2050 emissions of more than 13% relative to current levels.
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In the OECD, about a third of emissions reduction in the 2DS compared with both the 4DS
and the 6DS comes from avoiding travel by reducing the number and length of trips or
shifting travel to low-emission modes. The mitigation potential in the OECD is greater in
urban regions for Avoid/Shift measures, reflecting greater flexibility in modal choices offered
by urban environments. Another third of GHG abatement comes from vehicle efficiency

gains, primarily in cars, trucks and airplanes, for which the potential is roughly equivalent in
urban and non-urban regions. The remaining third is achieved through low-carbon fuels. Here
potential is greater in non-urban (intercity and long-distance) transport, as drop-in jet fuels
(aviation) and low-carbon biodiesels (trucking) replace petroleum-based fuels. Compressed
and liquefied natural gas can replace diesel in road freight applications in certain markets,
provided that certain issues (e.g. “methane slip”) are addressed. The net effect in the OECD is
a 22% reduction in cumulative emissions from 2070 to 2050, and a 54% reduction in 2050
emissions, relative to 4DS. Relative to the 6DS, cumulative emissions in the 2DS are reduced
by 28% (59 GtCO,-eq) from 2010 to 2050, and 2050 emissions are 61% lower.

Transport GHG emissions in non-OECD economies are on track to surpass those of the OECD
in the next five years. By 2050, non-OECD economies’ share of total transport emissions
increases to around 70% in all scenarios. In the 6DS, non-OECD emissions increase by a
factor of 2.6 from 2015 to 2050, reaching 11.5 GtCO,-eq. In the 4DS, emissions more than
double, reaching 9.2 GtCO,eq. The mitigation potential of Avoid/Shift measures is greater

in non-OECD economies than in OECD countries, as a consequence of the greater potential
in cities that have yet to be built and hence to plan urban forms that integrate and enable
public and non-motorised transport, and that can better exploit the possibility to dampen
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demand for personal cars that have yet to be purchased through pricing policies (i.e. “sticks’)
and through provision of high-quality alternatives (“carrots”).

In non-OECD economies, non-urban modal shifts in passenger transport will be needed in
the 2DS to shift substantial activity from aviation to HSR (e.g. as in China over the past
decade). Vehicle efficiency accounts for 35% of cumulative emissions reduction in the
2DS compared with both other scenarios. Since trucks tend to be deployed earlier than
cars in developing regions, heavy freight trucks make up greater shares of long-distance
transport in the non-OECD compared with the OECD. Low-carbon fuels, mostly advanced
biofuels for trucking and aviation, penetrate more slowly in the non-OECD due to

high costs.

The aggressive emissions reduction required in aviation in non-OECD economies
underscores the importance of substantial investments in HSR as an alternative to
intracontinental flights in regions with growing demand for passenger aviation (Box 1.3).

In the OECD, aviation activity grew faster than

all other non-urban modes over the past decade;

by 2015 it accounted for about 40% of non-

urban passenger activity (in passenger-kilometres).
The global activity share is lower (23%), as intercity
bus and rail make up the majority of non-urban
mobility in non-OECD economies. Nevertheless,
aviation demand has also grown considerably in
the non-OECD (see Figure 2.30 in Chapter 2).

Technical assessments (e.g. IATA, 2013 and Vyas,
Patel and Bertram, 2013) indicate that aircraft
efficiency could be improved by 50% to 70% via
material substitution (e.g. composites), better
aerodynamics (e.g. flow control technologies,
winglets and riblets, and potentially even blended
wing body aircraft architectures), designs and
configurations allowing higher capacity per
vehicle, and more efficient engines. Powertrain
technologies (e.g. geared turbofans, gas turbine
components, and open rotors), electrification of
ground level operations (including using electric
motors for taxiing), and operational improvements
(e.g. satellite navigation and systems to facilitate
air traffic control) can also deliver measurable
energy savings. The 2DS assumes progress in all of
these areas.

Achieving the goal of the International Civil
Aviation Organisation (ICAO) of realising carbon-
neutral growth from 2020 (ICAO, 2013) requires
ambitious deployment of energy saving technology.

Without carbon offsets, meeting long-term industry
targets of halving GHG emissions by 2050 from
2005 levels (ATAG, 2015a) would require even
more ambitious technology deployment.

In the 2DS, both the ICAO’s aspirational goal of
2% annual reductions in energy use per revenue
passenger-kilometre and the target set by the
aviation industry (ATAG, 2015a) to achieve 1.5%
annual reductions through 2050 are surpassed.
The energy intensity of the airplane fleet
decreases annually by 2.6% from 2015 to 2050;
cumulatively, fleet-wide energy intensity drops by
70%. These improvements match high estimates
of the available technological potential, excluding
innovations classified by the International Air
Transport Association as future concepts and
technologies (IATA, 2013).

Meeting the 2DS also requires shifting travel
from aviation to a well-funded and extensive HSR
network, reducing air travel via carbon pricing,
and providing strong support for low-carbon
fuels, which reach 55% of the total fuel demand
for aviation in 2050. Aggressive policies and
rapid technology improvements are needed in
aviation as demand is projected to grow rapidly
and alternatives are currently limited to HSR
for intracontinental travel in some regions. In
the 2DS, fuel pricing and provision of HSR have
the potential to reduce aviation activity by 39%
relative to the 6DS by 2050.
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Transport investment needs

The estimates for transport investments in the ETP scenarios include the costs incurred in
passenger and freight transport for all road modes, as well as rail, shipping and aviation.
Cost estimates include vehicles and infrastructure. For instance, in the case of road modes,
both vehicle and powertrain costs are calculated, as well as the costs of building new road
and car parking and of maintaining existing roads and parking.

The transport investment analysis relies on a historical dataset of vehicle ownership, travel
activity, and road and rail infrastructure. National and regional historic data on road and
rail building inform projections of future infrastructure needs capable of accommodating
projections of future vehicle activity under the 2DS and 6DS."’

The 6DS would require estimated total investments of USD 367 trillion between 2016 and
2050 (about 4.8% of cumulative global GDP over the same time frame). The investment
requirements of the 2DS are estimated at about USD 353 trillion (4.6% of cumulative global
GDP). In both cases, about 60% of the investments are for vehicles and the remaining sum
is for infrastructure. The lower investment costs of the 2DS relative to the 6DS are largely a
result of a significant reduction in vehicle ownership that is only partially offset by the higher
costs of low-carbon vehicles and by an increase in global infrastructure costs, which goes
primarily to building intercity, metro or urban rail and HSR. The significant difference in costs
as compared with ETP 2015 (IEA, 2015j) is mostly due to the revision of activity levels in the
6DS in the transport sector and partly due to the revision of methods for projecting road
and rail infrastructure (Box 1.4).

Key actions

Strong, co-ordinated transport policies in all regions will be needed to reach 2DS goals.
Policies must alter behaviour through pricing and regulation, spur technological development
through investment and pricing signals that incorporate GHG emissions costs, drive
efficiency improvements (e.g. through mode shifts and applying data technologies in
logistics), and reduce aggregate activity (e.g. by increasing the cost of the most emissions-
intensive modes). The following measures are critical to moving towards these goals and
must be given priority over the coming decade.

At the national level, the most crucial measure is to discontinue fuel subsidies within the
next decade and to adopt fuel taxes, taxing fuels according to their WTW GHG emissions
(e.g. through carbon taxes). Vehicle taxation is the second fiscal policy needed to set
transport emissions on a 2DS trajectory. Global vehicle purchase and circulation taxes must
be ratcheted up towards levels that approach those levied in Nordic countries. For example,
despite enjoying very high GDP per capita, Norway’s high vehicle taxes are associated with
low rates of vehicle ownership. By pegging vehicle registration taxes to environmental
performance, together with other supportive policies (including exemptions from purchase
tax and value added tax), Norway and the Netherlands have achieved the worlds’ highest
sales shares of EVs among passenger cars. Revenues from vehicle and fuel taxes can be
used to subsidise purchase costs or RD&D for energy efficient technologies, or alternatively
can be reinvested in public transport. The final essential national measures are regulatory:
fuel economy and tailpipe emissions standards on LDVs and trucks must be broadened and
tightened. Both standards must be redesigned to better reflect actual on-road conditions,
to include freight trucking, and be extended to regions where they have yet to be enacted.

17 Projections of vehicle sales and stock, technology penetrations, activity, and the resultant energy use and emissions are
based on GDP PPP, population and fuel price projections together with elasticity and regression-based economic and
behavioural responses to policies (e.g. vehicle and fuel taxes, municipal-level transport demand management and compact
cities policies). For more details on the methodologies used to project transport activity and energy use, see Annex F at
www.iea.org/etp/etp2016/annexes.
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The cost assumptions and calculations for the
transport sector in ETP 2076 were altered from
those used in ETP 2075. Road infrastructure
build-out was revised in ETP 2076 under the
assumption that levels of congestion in developing
and emerging countries would converge, as

those countries became richer, towards values
comparable with those that are currently observed
in OECD economies. In addition, passenger rail
infrastructure build-out was disaggregated into
intercity, metro/urban rail, and HSR, to reflect the
differences in the costs of these systems and to

leverage the model developments developed for this

year’s urbanisation theme. The result is reduced
total investment costs in the 2DS relative to the
6DS amounting to more than USD 14 trillion.

Developing and emerging countries stand to

save the most: Avoid/Shift measures (including
higher fuel and vehicle taxes and investments
and subsidies for public transport) reduce vehicle
ownership substantially in countries such as
China and India. Fewer cars imply fewer roads
and parking spaces, which in many non-OECD
countries outweigh the additional investments in
public transport (rail) infrastructure. Meanwhile,
the net infrastructure costs of the 2DS, relative to
the 6DS, for the European Union and the United
States are positive.

Developed countries, with already saturated

(or at least mature) car markets, locked-in road
infrastructures and competitive profiles with
respect to technology development and innovation,
will need to invest more and earlier (bearing
higher learning costs) to transition to “clean’
vehicles (primarily hybrids and EVs, as well as
FCEVs). In the OECD context, additional public

rail infrastructure needs outweigh savings from
reduced road building.

Fuel savings are unambiguous; the global

savings on fuel under the 2DS total upwards

of USD 90 trillion. They are also more evenly
distributed across countries and regions, as the
up-front investments in clean vehicles pay off
more evenly across OECD and non-OECD countries.

One way to understand the investment costs is to
consider the additional costs of alternative (“clean’)
vehicle technologies holding the number of
vehicles constant. The relative costs of a scenario
in which alternative powertrain technologies

are on par with those in the 2DS (but in which
the GHG reductions are not - as it lacks the
policy measures and investments required to
realise avoided car travel and shifts away from
personal cars) are higher: about USD 6 trillion in
investments would be needed globally.

Countries must start benchmarking operations to determine the efficiency of different
vehicle categories in the main truck markets as the first necessary step toward

setting vehicle efficiency regulations for trucks. Benchmarking must precede regulation
design, as it requires software simulation, stakeholder consultation and extensive data

collection.

Fuel economy and emissions standards; differentiated vehicle taxes; public charging

infrastructure investments; and continuing, consistent and substantial support for RD&D are

all needed to drive a rapid transition to electricity in passenger LDVs, buses and rail.

Within a supportive national policy environment, local policies can be designed to address
traffic congestion, health and local environmental impacts of transport in cities (see
Chapter 5). Investment in public transport and walking and cycling infrastructure is needed
to ensure that people have access to affordable, attractive and comfortable alternatives to
cars, particularly in light of increased prices for vehicles and fuels.

Rapid demand growth projected in passenger aviation and long-distance road freight will

require investments in alternatives (high-speed passenger rail for aviation and freight rail for
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trucking), as well as consistent policy support for advanced biofuels, including RD&D support
and policies such as mandates or low-carbon fuel standards.

Particularly in aviation, ambitious efficiency improvement targets set by the industry are
unlikely to be met without correspondingly aggressive fuel or carbon taxes. A schedule of
fuel taxes, linked to the WTW carbon intensity of fuels and increasing over time, will be
needed to incentivise efficiency improvements.

Industry

Current status

Global industrial final energy use reached 152 EJ'® in 2013 with corresponding direct
carbon emissions of 9.0 GtCO,. The 3.4% annual average growth in energy use from 2000
to 2013 continued the long-term trend of increasing industrial energy demand, with the
exception of some temporary drops due to economic downturns. Industrial final energy
consumption has increased since 2000 in Africa, Asia, Latin America and the Middle East,
while in OECD economies overall industrial energy consumption has decreased slightly,
0.7% on average per year. The distribution of energy use across industry sectors has not
changed significantly since 2000; energy consumption in energy-intensive industry'® has
grown by 49% since 2000, while non-energy intensive sectors’ consumption grew by 37%.
Energy-intensive industry now makes up 68% of all industrial energy use, compared with
66% in 2000.

Economic pressure on industry has increased in recent years, particularly in energy-intensive
industries that face global competition. Regulations and material, energy and labour costs
differ from region to region, creating competitive pressure, and a global economic slowdown
over the past few years has exacerbated the situation. Demand for industrial materials

has continued to grow globally, with consumption in some emerging economies picking

up even as demand per capita in the developed world has stabilised. At the same time,
some regions are dealing with overcapacity in key industry sectors. In 2013, for example,
nominal production capacity for crude steel globally was 2 164 million tonnes (Mt) per year,
while demand stood at 1 648 Mt. The 76% utilisation rate was one of the lowest in history
(OECD, 2015). The cement sector, similarly, has seen several years of excess capacity and
consolidation; some sources put the capacity utilisation rate of cement plants in China at
less than 50% and around 55% in India (Global Cement, 2015). Such excess capacity can
work both for and against efficiency in industry: because it endangers the competitiveness
and profitability of the sector, it makes investment in retrofits, upgrades and other energy
efficiency projects more difficult. However, it can also provide the opportunity to retire the
less efficient stock, improving the sector-wide average performance level.

The difficult economic circumstances underline the need for prioritisation in developing
sustainability strategies for industry, based on a clear and detailed view of current industrial
energy use and CO, emissions. Industrial energy efficiency and CO, emissions intensity —
and thus the most cost-effective transition to a reduced carbon footprint in 2050 in the
2DS - can vary significantly across regions and sectors. To remain on the 2DS pathway, it is
important to track the progress of each sector by region to target efforts towards the area
where the most impact can be made.

18 Unless otherwise stated, final industrial energy demand includes energy embedded in petrochemical feedstock and energy
use in blast furnaces and coke ovens.

19 In IEA modelling, five energy-intensive sectors are considered: chemicals and petrochemicals, cement, iron and steel,
aluminium, and pulp and paper.
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To assess where industrial CO, savings potential exists, both energy-related CO, intensity
relative to best practice levels, and absolute production volumes in the sector should be
considered (Figure 1.15). The energy-related CO, emissions intensity can be improved by
implementing technological changes, such as best available technologies (BATs), but can also
be influenced through structural changes to a sector, by facilitating wider deployment of less
carbon-intensive secondary process routes, such as scrap-based electric arc furnaces (EAFs).
In some sectors and regions, one option may be less costly than the other, and in others, both
options may be needed to fully exploit emissions reduction opportunities.

Aluminium Chemicals and petrochemicals
[}
P 60 @
40 .. P
50
® [ J
- 30 L T —
= =
g ° g 0
20
10
[ J 10
0 - T T T ] 0 r T T T T T ]
0 5 10 15 20 0 2 4 6 8 10 12
Mt primary aluminium EJ feedstock energy
Cement Iron and steel
100
[ )
80 o o- 80 o..
®e
[}
— 60 . — 60 4444444 .
S S o
38 3
2 40 S 40 S
20 20
0 T T T T d 0 r T T T T T T d
0 500 1000 1500 2000 2500 0 100 200 300 400 500 600 700
Mt cement Mt primary crude steel
® China ® India Africa © Middle East ® Brazil ® Russia © ASEAN OECD

Notes: tCO,/T) = tonnes of CO, per terajoule. Direct CO, intensities are based on direct energy use (feedstock energy use is excluded) and energy-

related CO, emissions (process emissions are excluded) in each sector. In the chemicals and petrochemicals sector, feedstock energy use has been
represented in the above graph as a proxy for production levels. The global average process emissions for the cement sector in 2013 are 0.54 tCO,
per tonne (t) clinker; in iron and steel, 0.13 tCO,/t blast furnace-based crude steel; in aluminium, 0.81 tCO,/t aluminium; and in chemicals and

petrochemicals, 17.7 tCO,/T) petrochemical feedstock.
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Statistical Yearbook 2015.

Countries must simultaneously tackle the challenge of process emissions® as, in
some cases, it is critical to go beyond the current technical limit of energy efficiency
improvements to further reduce carbon emissions to reach 2DS levels. For example, the

20 Process emissions refer to the share of CO, emissions that are inherently generated in the reactions taking place in an
industrial process, such as the CO, released during calcination of limestone in cement kilns. Process emissions represent
64% of overall cement direct emissions, 6% in iron and steel, 39% in aluminium and 41% in chemicals and petrochemicals.
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energy-related CO, emissions intensities shown in Figure 1.15 for the cement sector are
less dispersed regionally than in other sectors, indicating more homogeneous energy
performance (more likely closer to best practice), fuel mixes, and technologies. In other
sectors, such as iron and steel and aluminium, greater variation in rates of secondary
production?’ and in energy efficiency levels explains the greater variation in energy-related
direct CO, intensity levels. The cement sector’s high level of process emissions — 64% of the
total sector CO, emissions in 2013 — combined with the homogeneity of the sector means
that solutions for the cement sector will need to go beyond energy efficiency improvements
and switching to low-carbon fuels to reach the 2DS.

Scenario results

As demand for primary industrial materials continues to grow, and in the context of a
competitive global industrial marketplace with shifting regional centres of production, there is
a strong need to support a low-carbon transition in industry globally. In China, the production
of key materials slows in the medium term; production of crude steel falls by 372 Mt (45% of
2013 production) from 2013 to 2050. This is offset by strong demand growth in India and the
ASEAN region, which collectively see a more than fivefold increase in crude steel production,
growing by 571 Mt by 2050. In the cement sector, China’s production decreases by 52% to

1 149 Mt in 2050, while India and ASEAN increase production by 180% to reach 1 348 Mt.
Despite regional differences in industrial energy demand growth, rising material production
leads to unsustainable increases in global emissions in the 4DS and the 6DS (Figure 1.16).%2
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Approaching a 2DS CO, emissions trajectory requires industrial energy consumption to

be decoupled from the increasing demand for materials. Overall, industrial final energy
consumption in 2050 is 26% lower in the 2DS than in the 6DS, with average annual growth
of 0.9%, compared with 2.2% in the 6DS. The production of crude steel consumes 29 EJ of
final energy in 2050 in the 2DS, 43% less than the 51 EJ in the 6DS for the same activity

21 Secondary production refers to production of a material from scrap or recovered material.

22 Greater recycling of materials such as steel, aluminium, paper and plastics is embedded in the 2DS, resulting in a greater
penetration of recycled or scrap-based production routes, which are typically less energy intensive. The overall demand for
these materials, however, remains the same across the different scenarios.
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level. Other energy-intensive sectors also contribute: chemicals and petrochemicals use 25%
less energy in 2050 in the 2DS than in 6DS, and pulp and paper uses 13% less, aluminium
12% less, and cement 2% less. Non-energy intensive industry’s average annual energy
consumption growth is limited to 0.2% in the 2DS, reaching 58 EJ by 2050, compared with
88 EJ in the 6DS.

To remain on the 2DS pathway, overall direct industrial CO, emissions need to be 49%
below 6DS levels globally in 2050, at 6.7 GtCO, (Figure 1.16). In 2050, 33% of this emissions
reduction (2.3 GtCO,) comes from the iron and steel sector, 23% from chemicals and
petrochemicals (1.6 GtCO,), 13% from cement (0.9 GtCO,), 3% from aluminium (0.2 GtCO,),
2% from pulp and paper (0.1 GtCO,), and the remaining 26% from non-energy intensive
industries (1.8 GtCO,). India contributes 26% of 2050 emissions reductions; China
contributes 249%, OECD countries 18%, Africa and the Middle East 14%, and the rest of the
world 18%.

While global industrial energy use continues to rise slightly through to 2050 in the 2DS,
direct CO, emissions peak by 2020. Decreases in direct CO, intensity per unit of energy in
all industry sectors make this possible, mainly driven by a shift towards lower-carbon fuels
and feedstocks, increased recovery of excess energy, and deployment of innovative low-
carbon process technologies in the long-term, including CCS.

In the short term, emissions reduction is mainly achieved through energy efficiency, which
accounts for 86% of direct CO, emissions reduction in 2020; in the longer term, as the
industry sector’s energy footprint approaches best performing levels, industrial energy

users need to implement additional measures to reduce emissions, and the share from
energy efficiency falls to 55% by 2050. In 2050, energy efficiency accounts for emissions
reductions of 3.8 GtCO, compared with the 6DS; at the same time, growth in energy use
slows significantly, and consumption in 2050 is 73 EJ lower than in the 6DS. Energy efficiency
incorporates a diverse range of measures. In the cement sector, clinker substitution allows
producers to create more cement per tonne of energy-intensive clinker. In the pulp and paper
sector, co-generation based on byproducts from the production process allows plants to
generate more heat and electricity without increasing the level of fuel combustion.

Innovative processes? make up 1.7 GtCO, of emissions reduction in 2050, one-quarter

of the industrial total. These include upgraded steelmaking processes based on smelt
reduction or direct reduced iron, inert anode technology in the aluminium sector, and
biomass-based process routes for chemicals production, as well as CCS applications such as
partial oxycombustion with carbon capture in cement kilns. Many of the innovative process
technologies require integration of carbon capture into the process and facilitate the
separation of CO, by producing concentrated CO, streams as inherent by-products.

Switching to lower-carbon fuel and feedstock mixes contributes 1.2 GtCO,, or 17% of 2050
emissions reduction. Biomass increases from 2% to 11% of overall energy consumption in
the cement sector by 2050 and from 28% to 47% in the pulp and paper sector (Figure 1.17).
Electrification of industrial processes also plays an important role in the 2DS; the iron and
steel sector increases its electricity consumption as a share of total consumption from 12%
to 21%, by deploying innovative process routes and maximising the EAF process route, which
enables both CO, and energy reductions. The fuel mix in chemicals and petrochemicals shifts
along with changing process routes, while overall energy consumption grows quickly due to
material demand pressure. The deployment of inert anodes for aluminium smelting in the
2DS decreases the need for fossil fuel feedstock for conventional anodes.

23 For the purposes of the ETP Industry model, innovative processes are defined as low-carbon process technologies that
have not yet been demonstrated, but could become commercially available during the modelling time horizon.
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In 2050, recycling accounts for the remaining 240 million tonnes of CO, (MtCO,) of
emissions reductions. Recycling plays a role primarily in iron and steel, where it makes up
519% of production, and in aluminium (34%).>* Increased plastics recycling rates also help

to alleviate the growing demand for primary chemicals in the 2DS, and the production of
recovered paper as a share of total paper and paperboard production increases slightly,
despite an already high 54% share in 2013. The impact of recycling on emissions reductions
depends on the amount of available scrap materials. While it offers significant energy

and CO, benefits compared with primary production, these should be weighed against the
impact of material efficiency strategies that could reduce the amount of scrap available,
limiting the uptake of secondary routes.

Though the 6DS-2DS comparison captures the full picture of necessary emissions
reductions, the 4DS also provides some additional insight into recent international
commitments to address climate change, and newly announced policies and pledges at
the national and regional levels. The 4DS assumes that these pledges are met, and that
additional RDD&D spending is effective in bringing innovative technologies to market.
Although not as ambitious as the 2DS, the 4DS requires significant policy and technology
shifts. In the industry sector, the 4DS leads to 256 EJ of final energy consumption in 2050,
which is a 7% reduction from the 6DS, but still 24% more than in the 2DS (Figure 1.17).
As an important part of the CO, reductions, the 4DS considers deployment of CCS
beginning in 2020, and scaling up to capture 506 MtCO, in 2050, compared to 1.7 GtCO,
captured in the 2DS, and none captured in the 6DS. The 4DS also includes implementation
of energy efficiency measures, switching to lower carbon fuels, BAT deployment, and
commercialisation of innovative low-carbon processes, though sectors transition at a
slower pace than in the 2DS.

24 In the aluminium sector, this refers to the share of new and old scrap-based aluminium in total liquid aluminium. Internal
scrap is excluded for consistency with industry statistics.
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Industry investment needs

Globally, in the 6DS, estimates of total cumulative investment in energy-intensive industry
ranges from USD 9.5 trillion to USD 10.5 trillion, and for the 2DS, from USD 10.9 trillion

to USD 12.4 trillion. Between USD 1.4 trillion and USD 2.0 trillion additional cumulative
investments are estimated to be required in the 2DS in the five energy-intensive industry
sectors. These estimates are based on bottom-up modelling of the five sectors, including
capital costs for industrial process equipment installed during the model horizon. Fuel costs
and fixed operating and maintenance costs are excluded from these estimates, as are costs
associated with purchased heat and electricity. Financial costs are also excluded from our
analysis, and cost estimates are undiscounted.

Regionally, China accounts for 32% of the global cumulative additional investment in the 2DS
compared to the 6DS. OECD economies account for 31%, India for 12% and other non-OECD
economies for 25%. In terms of cumulative total investments in the 2DS, however, 29%

of the global total investment occurs in China, 20% in OECD economies and 12% in India,
with investment in other non-OECD economies making up the remaining 39%. The OECD
economies play a larger role in terms of additional investment than in total investment, while

the non-OECD economies have a larger share of total investments than additional. This
effect is primarily due to a “leapfrog” effect; regions with higher industrial activity growth

rates and lower levels of technology lock-in can build up capacity using advanced technology

rather than replacing existing capacity with newer stock, which minimises the amount of
additional investment needed in the 2DS compared with the 6DS.

The ETP 20176 industry scenario results are based
on the ETP industry model, which has been
reviewed and revised since the previous results in
2015. During each modelling cycle, the base year
is updated to reflect the most recent IEA Energy
Balance. Prior to ETP 2076, additional changes that
affect the outcome of the analysis include:

Conversion of the aluminium sector model to a
TIMES-based,** linear optimisation framework
including additional technology detail.

Revised base-year energy consumption data for
China based on revisions to the official Chinese
energy statistics, including some step changes,
particularly in coal consumption in blast furnaces
and coke ovens in the iron and steel sector.

Updates to overall sectoral activity projections
for industry, with more detailed revisions in
energy-intensive sectors. Some significant
revisions include:

advancement of the peak in cement
production in China to 2015 from 2020

significant increases in crude steel demand
in India and a steeper decline in crude steel
demand in China

a shift of aluminium production from Latin
America to other regions such as Africa and
China

moderated pulp production projections in all
regions, and flattened demand for paper and
paperboard in China

increased production of benzene, toluene and
xylene (BTX) in Africa, Latin America and
emerging European economies, shifting away
from the Middle East and China

a shift in the regional shares of ethylene
production towards North America

revisions to exogenous assumptions and
drivers in some energy-intensive sectors
where new data were available, particularly
for energy intensity values of particular
process routes or technologies.

25 TIMES = The Integrated MARKAL-EFOM System (Annex A).
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Key actions

Staying on track to meet the 2DS in the industry sector will require significant action not
only from industrial energy users in the private sector, but also from governments and
society. All stakeholders should be engaged in creating a strategy that enables reductions

in CO, emissions without compromising competitiveness or economic growth, and takes
into account both the challenges facing industry and the opportunities of a low-carbon
transition. This strategy should consider the entire energy system, and take an integrated
approach to optimise energy use and reduce carbon emissions where it is most efficient and
least costly to do so.

Industry should work with policy makers to ensure that strategies are realistic and
achievable, but still sufficiently ambitious to meet the 2DS. Collaborating and sharing
knowledge among companies and across sectors and regions will accelerate learning

both in terms of technology development and best practices. Implementation of BATs and
energy management systems should be a priority for industrial users, with the support

of policy makers through measures such as equipment energy performance standards,
including performance-tracking mechanisms. Similarly, co-operative frameworks including
both private- and public-sector stakeholders are critical to achieving 2DS goals; they should
prioritise action on low-carbon industrial development and encourage information exchange
on best practices and innovation progress. Private-sector industry stakeholders also need to
pursue RDD&D of innovative low-carbon technologies that could unlock dramatic reductions
in energy use and emissions.

Without supportive, stable and long-term policy frameworks, industry will be unable to
reach its full potential of contributions to the 2DS. Broader energy and climate policy
strategies also have an impact on industry. Setting economy-wide, legally-binding
targets for CO, emissions reduction and energy efficiency would clear the way for more
specific, industry-focused policies. Phasing out fossil fuel subsidies — or implementing

a carbon pricing mechanism — to provide a clear price signal that incorporates the
negative externalities of emitting CO, would create incentives for lower-carbon industrial
production. In doing so, policy makers must both acknowledge and take steps to
counteract the risk of adverse effects from an internationally asymmetric carbon pricing
system or regulatory framework, both locally and through international co-ordination.
The 2DS requires that policy makers also take ownership of this transition and enact
policies to facilitate the necessary investment to reduce industrial energy consumption and
CO, emissions.

Policy actions should include incentives for energy efficiency in industry and adoption
of BATSs, such as fiscal mechanisms tailored either to particular industry sectors or to
cross-cutting technologies, which will see results in the short term; efficient industrial
equipment standard-setting; and technology transfer schemes. They should also include
actions to support RDD&D in the near term, though the impact will be seen in the
longer term, such as results-oriented risk-mitigating mechanisms to provide public
funding and leveraging those funds to unlock additional private funding for RDD&D
programmes.

Streamlining grid access regulations and developing a nationally and regionally integrated
heat and cooling infrastructure planning strategy could facilitate better integration of
industrial facilities, and increased utilisation of industrial excess heat, lessening industrial
energy demand and the overall CO, impact of the energy system. The development of
CO, transport and storage infrastructure for the power sector could improve the economic
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Figure 1.18

viability of CCS projects in industry. Similarly, regulations to promote material resource
efficiency (e.g. metal, paper and plastic recycling; co-processing of waste in cement kilns;
using blast furnace slag as a clinker substitute; and reducing the generation of industrial
waste products on-site) would also have an impact on industrial energy use and emissions.
Impacts beyond the boundaries of industry should also be considered; for example,
development of new high-strength or lightweight materials, extension of material lifetimes,
or material substitution in manufacturing could improve the environmental impact of final
products during their use or enable energy and emissions benefits in other end-use sectors,
as well as influencing future demand for industrial materials. These strategies require policy
makers to look at energy use and emissions from a systemic perspective and co-operate
with stakeholders to explore synergies along product value chains.

Delaying action would make the 2DS more costly and more difficult to realise. Deploying
innovative process technologies — such as CCS, which some industry sectors begin using as
soon as 2020 in the 2DS - requires time and capital for RDD&D in order to be scaled up
commercially. Progress should be monitored and verified using robust datasets. Improving
the scope and technological detail of publicly available industrial energy statistics will lead
to more effective policies.

Buildings
Current status

The global buildings sector, comprising the residential and services sub-sectors consumes
nearly 125 EJ, or over 30% of total final energy (Figure 1.18). The residential sub-sector
alone accounts for nearly three-quarters of building energy use. Buildings also account

for half of global final electricity demand, with global buildings electricity consumption
having more than doubled since 1990. In some regions, electricity demand in buildings
increased by more than 500% between 1990 and 2013, and electricity now represents
more than 30% of global energy use in buildings. When upstream power generation is taken
into account, the buildings sector is responsible for slightly less than one-third of global
CO, emissions.

Global building energy consumption and energy intensity
by subsector
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Source: Calculations derived from IEA (2015f), World Energy Statistics and Balances 2015, www.iea.org/statistics.

Key point

Building energy intensities have improved since 1990 but not enough to offset strong
growth in total building floor area. As a result, global building energy consumption
increased by 35% since 1990.

© OECD/IEA, 2016.
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While global energy consumption in buildings increased by more than 35% between 1990
and 2013, the overall performance of buildings (in terms of average energy demand per
square metre [m?]) has continued to improve since 1990 as the result of building policies
and energy efficiency measures. The average energy intensity of residential buildings
decreased by 35% from nearly 220 kilowatt hours (kWh) per m? in 1990 to roughly

140 kWh/m? in 2013. Services buildings similarly improved, by roughly 20%. However, global
floor area increased by 95% in residential buildings and 75% in services buildings, so energy
intensity improvements have not been enough to offset the energy consumption associated
with continued growth in the size of the sector.

By 2050, global building floor area is expected to double, with 85% of anticipated
growth in non-OECD countries. This will have implications for buildings sector energy
demand, as energy use across OECD member and non-member countries varies
considerably (Figure 1.19). Space heating accounts for slightly less than half of
building final energy consumption in OECD countries, while water heating and cooking
represent nearly 60% of building energy use in non-OECD countries (largely based on
traditional use of biomass). Even when use of biomass is excluded, cooking and water
heating still represent roughly 20% of building energy use in non-OECD countries,

as space heating needs are far less important in many developing countries than in
colder climates such as Europe, China, Russia, the United States and Canada. Space
cooling demand is still a small portion of building energy loads in non-OECD countries,
although it is growing rapidly, as many non-OECD countries are in hot or hot-humid
climates.

Building final energy consumption by end use, 2013

OECD countries, 52 EJ Non-OECD countries, 72 EJ
3%

S

<

m Space heating = Space cooling m Water heating m Lighting m Cooking = Appliances u Other

Note: “Other” refers to other building equipment (everything from refrigerated display cabinets to electric motors, information technology networks and
x-ray machines) not accounted for in the six principal building end uses.
Source: Calculations derived from IEA (2015f), World Energy Statistics and Balances 2015, www.iea.org/statistics.

Key point Space heating continues to dominate building energy use in OECD countries, while
cooking and water heating account for nearly 60% of buildings energy consumption
in non-OECD countries.

© OECD/IEA, 2016.
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Scenario results

If no action is taken to improve energy efficiency in the buildings sector, energy demand

is expected to increase by another 50% under the 6DS (Figure 1.20). Nearly 80% of this
growth occurs in non-OECD countries, as access to electricity and commercial fuels,
household wealth, improved living standards and buildings sector size (i.e. floor area and
total households) all continue to increase. China and India are expected to account for nearly
30% of total energy demand growth in the 6DS, while demand in most OECD countries
increases only slightly or even plateaus, as consistent with recent trends. Electricity use in
buildings increases by almost 140%, while biomass consumption decreases by 159%, with
households shifting to modern energy sources as incomes rise and access to electricity
improves.

2013

- u Other
M Cooking
M Lighting and appliances
W Water heating
M Space heating and cooling
6DS 4DS 2DS 6DS 4DS

2030 2050

Under the 4DS, global building energy consumption grows to nearly 160 EJ in 2050
(about 15% lower than the 6DS, but still roughly 30% higher than 2013) as the result
of increased energy efficiency measures across end-use technologies (e.g. heating
and cooling equipment, lighting and appliances) and shifts away from traditional use
of biomass for water heating and cooking in non-OECD countries. Improved adoption
and enforcement of building energy codes for new building construction also help

to curb space heating and cooling energy demand growth, especially in non-OECD
countries. However, these improvements are still not enough to offset the significant
growth in building household and floor area additions to 2050. Deep energy renovations
of existing buildings remain limited under the 4DS because of insufficient policy
measures to address the necessary market uptake and cost-effectiveness of those
measures.

In the 2DS, effective action to improve building energy efficiency could limit building final
energy demand growth to just above 2013 levels (5% increase), without changing comfort
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levels or requiring households to reduce their purchases of appliances and other electronic
equipment. Space heating and cooling demand is reduced by 40% in the 2DS compared with
the 6DS, while lighting and appliances energy consumption is cut by 35%. Cooking energy
demand is reduced by 15%, and water heating and other miscellaneous equipment are both
reduced by 25%.

Coal and oil use in the buildings sector decreases by 75% under the 2DS compared with
2013, while natural gas consumption falls by 15%, or 40% below 6DS levels in 2050.
Electricity demand under the 2DS decreases 33% in 2050 compared with the 6DS as

the result of energy efficiency measures, including improvements in building envelopes

(e.g. windows, doors, roofs, walls, foundations and air sealing), and despite a 250% increase
in the use of heat pumps. Commercial heat (district heating) remains roughly constant,
despite significant improvements in building envelopes, as additional buildings are able to
join existing networks without having to increase heat production capacity. By contrast, solar
thermal use, in particular for water heating, increases by 850% in the 2DS over 2013 levels.
Biomass use continues to decrease as household incomes and access to electricity improve
in developing countries.

Space heating and cooling are a critical priority area for energy efficiency action in the
buildings sector. Space heating accounts for more than one-third of global energy use in
buildings and continues to be the largest energy-consuming end use to 2050 under both the
6DS and the 2DS. Space cooling, while a significantly smaller portion of energy demand in
buildings today (roughly 5%), is the fastest-growing end use in buildings and could increase
by as much as tenfold in some hot, rapidly emerging economies, such as India and Mexico.
Concerted effort is needed to improve building envelope efficiencies and reduce growing
demand for cooling.

Through rigorous building energy policies for new construction and deep energy renovations
of existing buildings, building envelope improvements could contribute to two-thirds of
space heating and cooling reductions in 2050 under the 2DS, or roughly 20% of total
building energy savings that year (Figure 1.21). In the services sub-sector, building envelopes
represent nearly 70% of heating and cooling energy savings to 2050, partly because
turnover and demolition rates of commercial and other services buildings are typically
faster than for residential stock. Another 20% of cumulative energy savings to 2050 under
the 2DS comes from more efficient equipment, through minimum or mandatory energy
performance standards (e.g. mandatory condensing boilers) and strong uptake of high-
efficiency technologies (e.g. heat pumps). The remaining 15% of savings comes from shifts
away from traditional use of biomass (e.g. to solar technology and high-efficiency pellet
stoves) and away from inefficient use of fossil fuels (e.g. to mandatory condensing or
instantaneous gas boilers).

Under the 2DS, energy savings in the buildings sector could reach 55 EJ in 2050, almost
equivalent to the total final energy consumption of Africa, the Middle East and non-OECD
Americas in 2013. Those energy savings, paired with decarbonisation of the buildings sector
and upstream power generation, would lead to an 85% reduction in building-related CO,
emissions, or roughly 13 GtCO,. Nearly 1.6 GtCO, comes from direct buildings emissions
reduction through shifts away from fossil fuels in space heating, water heating, cooking and
other miscellaneous equipment (Figure 1.22). The remainder comes from reductions in CO,
emissions from electricity and commercial heat consumption, where roughly 33% of indirect
emissions reduction in buildings comes from building energy efficiency improvements. Those
energy efficiency improvements in buildings also help to reduce carbon emissions in the
power generation sector.
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Key point Envelope improvements represent two-thirds of space heating and cooling energy

savings in 2050. Efficient equipment and shifts away from intensive fuels (e.g.
biomass) account for another 180 EJ of cumulative energy savings to 2050.
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Key point Energy efficiency and reduction of fossil fuel use, together with decarbonised

electricity and commercial heat supply, can reduce buildings carbon emissions
by more than 13 GtCO, in 2050.

Buildings investment needs

Absolute cumulative investment needs in the buildings sector under the 2DS (excluding
investments in building infrastructure) are roughly USD 45 trillion. Decarbonising the
buildings sector in the 2DS requires cumulative additional investments of USD 16 trillion
between 2016 and 2050 in comparison with the 6DS. These investments include costs

for energy-consuming equipment purchases (e.g. boilers, heat pumps, clean cook stoves,
solar thermal collectors and connections to district energy networks), purchases of lighting

© OECD/IEA, 2016.
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Other non-OECD 3%

Latin America 8%

fixtures (e.g. fluorescent bulbs and light emitting diodes [LEDs]) and household appliances,
and costs for building envelope energy efficiency measures.?

On a regional level, most (63%) of the additional investment is required in non-OECD
countries, notably China (18%), India (8%), other developing Asia (11%) and Africa
(119%), due to the strong growth in new building additions and expected purchases

of energy-consuming equipment between 2015 and 2050 (Figure 1.23). In the 2DS,
investments will need to be ramped up considerably by 2020 in these regions to ensure
that new building additions are energy efficient, thereby avoiding lock-in of long-lived
capital investments. In OECD countries, additional investments for deep energy
renovations of existing buildings likewise need to increase quickly by 2020, to ensure that
aggressive energy efficiency improvements are achieved in the bulk of existing buildings
by 2050 (requiring deep energy renovations of around 3% of existing buildings each year
between 2020 and 2050).

Additional investment needs to 2050 in the buildings sector
by region and period
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© OECD/IEA, 2016.

Nearly two-thirds of additional investments are required in non-OECD countries to
ensure that new building additions and equipment purchases are energy efficient.

Key actions

Capturing the enormous energy savings potential to 2050 in the buildings sector would
deliver a broad range of benefits, including lower electricity and fuel costs for businesses
and households, greater reliability in meeting energy demand without costly infrastructure
and vulnerability to grid disruptions, and reductions in CO, emissions and pollutants that
pose a threat to human health. To achieve this, policy action is needed to promote building
energy efficiency measures and to ensure that they are standard practice across the global
buildings market.

26 Building infrastructure investments (e.g. construction of buildings, excluding energy efficiency measures and equipment
purchases) are not included in this assessment. Energy-related building envelope renovation measures (e.g. occasional
replacement of windows and mild levels of insulation and air sealing) are accounted for in the 6DS, while under the
2DS, costs for aggressive envelope measures for deep energy renovation and low-energy new building construction
are assumed.
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Policy action area

Whole building systems

Governments need to work together and with key stakeholders to ensure that consumers and
manufacturers maximise energy efficiency potential and limit the costs of future change by
taking action today, particularly as most buildings and many building technologies have long
lives. This is especially true in rapidly emerging economies, such as China and India, where
there is a window of opportunity to ensure construction of high-efficiency new buildings over
the coming decades, before the bulk of expected stock to 2050 is built. In OECD countries,
significant effort is needed now to promote deep energy renovations in existing buildings,
especially as it may take 10 to 15 years in some markets to ensure that deep energy
renovation measures are viable, cost-effective and standard practice.

To achieve the full savings potential in buildings, a variety of policy measures are needed to
put the buildings sector on track and achieve 2DS energy savings and emissions reduction
objectives by 2050 (Table 1.1). In the near term, labelling and minimum performance
standards for lighting, appliances, and heating and cooling equipment are needed in all
countries to capture energy efficiency potential. Rigorous and prescriptive building codes
are also needed for new construction in all countries. In the short to medium term, targets
and incentives for very-low energy buildings will be necessary to send signals to consumers,
building stakeholders and product manufacturers to help establish market demand. Over the
medium to long term, more stringent standards, mandatory energy efficiency improvements

of existing buildings, and continued development of advanced building technologies will all
help ensure that 2DS energy targets are achieved.

Near-term action (through 2025)

Promulgate enforceable building codes in all regions
and strive for near zero-energy buildings (nZEBs) in
new construction. Implement policies to drive uptake
in deep energy renovation in existing buildings.

Long-term objective (2025 to 2050)

Effect enforceable building codes in all regions
with high energy performance standards

(e.g. nZEBs or better) for all new construction and
rigorous energy performance targets for existing
buildings.

*

Building envelope

Promote very high performance envelopes,
including air sealing, insulation, highly insulating
windows and cool roofs. Continue R&D for super
thin insulation, dynamic glazing and whole
envelope renovation packages.

Achieve highly insulated, integrated building
envelopes (e.g. nZEBs or better) at negative
life-cycle cost. Mandate minimum energy
performance for building envelope components
through enforceable building energy codes.

Space heating and
cooling equipment

Increase promotion of solar thermal and
heat-pump technology, with R&D for cold climates
and gas thermal systems. Mandate condensing
boilers for gas heating across all regions. Prohibit
use of electric resistance heaters as main heating
source.

Promulgate integrated energy solutions for
heating and cooling with net-zero emissions.
Mandate minimum performance standards above
120% efficiency for stand-alone gas heating
equipment and above 350% for typical cooling
equipment. Pursue low-cost solar cooling
technologies.

Water heating

Encourage uptake of heat-pump water heaters
and mandate condensing boilers or instantaneous
systems for gas heating across all regions.
Continue R&D on low-cost solar thermal systems.

Mandate minimum performance standards above
150% efficiency for electric stand-alone
equipment. Achieve solar thermal systems that
meet >75% annual water heating load.

Lighting

Ban all traditional incandescent and halogen light
bulbs. Continue R&D and promotion of solid state
lighting and other innovative designs.

Implement minimum lighting energy performance
criteria above 100 lumens/watt.

Appliances and
cooking

Implement and actively update minimum energy
performance standards for appliances and
equipment. Promulgate clean, energy-efficient
cooking solutions for developing countries.

Bring to market highly efficient appliance
technologies and mandate minimum energy
performance standards for all electric plug loads
including standby and networked power.

* For more information on building envelope technologies, R&D and energy performance targets, see www.iea.org/publications/freepublications/
publication/technology-roadmap-energy-efficient-building-envelopes.html.
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A systems approach that implements integrated policies in whole buildings or multiple
buildings can facilitate synergies across different technologies and actors and result in
capital cost savings. Effective policy is also needed at the individual component level within
a systems approach to ensure that all market opportunities are realised.

Continued support for R&D is needed to bring advanced building products to market at
cost-effective prices and to continue energy efficiency improvements across buildings sector
technologies. This includes applying tighter minimum energy performance standards and
applying market incentives and other policy measures to bring advanced technologies to full
commercialisation. Collaboration among countries, academia and industry is essential to
achieving this objective.

Finally, to develop more robust and targeted building energy policies, collection, consistency
and comparability of data need to be improved. This requires capacity building in the
governance and management of building energy data across countries. Collaboration
among countries can also help to establish common definitions of key building metrics to
improve understanding of global building performance and pathways to an energy-efficient,
low-carbon buildings sector.

The Paris Agreement and clean energy
technology development

The ETP 2015 results ahead of COP21 in Paris showed that decarbonisation of the energy
sector is achievable and economically sensible, but there is a need for greater support
for technology innovation in order to accelerate the deployment of cost-effective clean
energy technologies (IEA, 2015a; IEA, 2015c). The Paris negotiations led to agreement on
an ambitious target to hold “the increase in the global average temperature to well below
2°C above pre-industrial levels and pursuing efforts to limit the temperature increase

to 1.5°C" (UNFCCC, 2015), as well as acknowledging the role of technology innovation

in driving deep decarbonisation of the energy sector in line with IEA recommendations
(Box 1.6). However, while realising the current pledges would have a tangible impact in
curbing emissions, emissions would still be rising in 2030, whereas a near-term peak and
then decline in emissions is needed to keep temperature rise below 2°C (IEA, 2015a). As
this report shows, ambitious strategies to enhance low-carbon technology development
across both the supply side and the demand side are needed to deliver the energy sector
transformation consistent with the temperature goal below 2°C. The long-term goal

of net zero emissions of GHGs in the second half of this century will, however, require
considerable technological innovation.

Enhanced role for technology under the UNFCCC

There is more direct focus on technology innovation in the Paris Agreement than has been
the case in any earlier climate agreement. The agreement acknowledges that accelerating,
encouraging and enabling technology innovation is critical for an effective, long-term global
response to climate change. It puts an increased emphasis on technology development,
complementing the previous focus on technology transfer under the UNFCCC. This includes
explicit focus on technology RD&D as well as the development of endogenous capacities
and technologies in developing countries.

To deliver upon the enhanced ambition, the agreement established a “technology
framework”, which will provide overarching guidance to the existing technology mechanism,
and provide a basis for creating enhanced links between the UNFCCC technology
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mechanisms with other UNFCCC bodies and non-UN technology actors. The role of the
Technology Mechanism and its two arms, the Technology Executive Committee, with
responsibility over technology policy guidance under UNFCCC, and the Climate Technology
Centre and Network (CTCN), an operational arm for technology action, has equally been
strengthened to support the implementation of the Paris Agreement, including through the

NDC stock-take process.

The climate change agreement negotiated at

COP21 in Paris represents a breakthrough in terms
of enhanced global climate change mitigation

and adaptation action. As a part of the agreement,
countries agreed an objective to hold the increase in
the global average temperature to well below 2°C.

The agreement is designed around bottom-up
contributions towards GHG emissions mitigation
submitted by countries, the NDCs. By the end of
2015, 160 pledges had been submitted, covering
187 countries and more than 95% of energy-
related GHG emissions. NDC targets will be
updated on a five-year basis and will be supported
by a single methodological framework to account
for GHG emissions and to track progress towards
their achievement. There will be a formal global
stocktake of progress in 2023 and every five years

thereafter. As detailed in Chapter 2, the overall rate
of development and deployment of clean energy
technologies falls short of the 2DS. The NDCs are
expected to drive demand for clean technology,
and their implementation ought to work towards
closing the technology gap to meet the 2DS.

The five-year cycle for taking stock of progress and
revising NDCs is intended to create an opportunity
for countries to raise mitigation ambition further
as they gain experience and as technology costs
reduce. In the agreement, countries are also
encouraged to develop and communicate national
long-term, low-carbon development strategies to
link their short-term national actions with the
collective goal of the Paris Agreement to peak
global emissions as soon as possible and undertake
rapid reductions thereafter.

The technology framework will also link results identified under technology needs
assessments (TNAs) in developing countries to project implementation by building links
with the UNFCCC's financial mechanism. Allocation of technology funding to developing
countries should however be strategically devised and ought to ensure complementarity
with the variety of bilateral and multilateral financial flows already in place. The CTCN has
already commenced playing an important role ensuring the collaborative approach

in TNA development and implementation, and enhancing its capacity to ensure that

TNAs contain a clear business case will be essential.

While the details of the new technology framework are yet to be developed, it has

the potential to be an important platform to bring together all actors within the

energy technology innovation field. As there is an increasing number of technology
innovation initiatives taking place outside the UN setting, broadening the access to the
UNFCCC processes could provide considerable added value. Inclusive collaborative action
between developed and developing countries can greatly enhance energy technology
innovation capacity and adaptation of existing technologies within the local context.

To accelerate innovation in developing countries, it is also essential that solutions meet

local technology development priorities and recognise local conditions and local innovation
capacity. Enhancement of national systems of innovation for energy technology can develop
a conducive environment for climate technology development and transfer. International
collaboration should focus on the development of locally applicable technologies or



Part 1
Setting the Scene

Chapter 1
The Global Outlook 69

alteration of existing technological solutions to suit local needs. The Paris Agreement
specifically calls for collaboration on technology development at early stages of the
technology cycle. Provision of financial support to developing countries for strengthening
co-operation in both technology development and transfer at all technology stages should

therefore follow suit.

The informal role that non-state technology actors have been playing under the UNFCCC
was also formalised in the Paris decision, which explicitly recognises the importance of
all actors in addressing climate change. It further committed to an ongoing process to
highlight efforts of non-state actors and accelerate co-operative climate action between
state and non-state actors, building on the Lima Paris Action Agenda (LPAA) at COP21.
This specifically targeted mobilisation of further action in energy technology innovation
through the LPAA Innovation Focus component.

Technology innovation and transformation outside

the UN framework

Low-carbon energy technology innovation action during COP21, but outside the UNFCCC
processes, matched the progress in the negotiations. Government and private-sector actors
made extensive commitments to increase investments in RD&D in low-carbon energy
technologies and ways to speed up their diffusion. The two principal initiatives were the
government led Mission Innovation and the private capital-focused Breakthrough Energy

Coalition (Box 1.7).

Mission Innovation (2015) is an open-ended
initiative of 20 countries to dramatically accelerate
public and private global clean energy innovation.
Countries committed to double government

clean energy RD&D investments in the sector

over the next five years. As the 20 countries

under Mission Innovation represent over 80% of
global government RD&D expenditure in energy
technology innovation, this represents a sizeable
increase in investment. Under the associated

private-sector Breakthrough Energy Coalition
(2015), 28 investors from ten countries, led by the
founder of Microsoft, Bill Gates, are committed to
invest patient capital into early-stage low-carbon
technology development. Building upon the
government funding in basic and applied research
in low-carbon energy technologies, the coalition
aims to support the innovative ideas that come
out of the public research pipeline and carry the
projects through to commercial viability.

Accelerated deployment of cost-competitive low-carbon technologies and development
of innovative technologies is critical to achieve emissions reduction in line with a

2°C goal, but current RD&D investment falls well short of the levels required to meet
this long-term climate goal (IEA, 2015c). The combination of doubling government
spending in the currently underfunded area of energy technology RD&D and effective
private finance mechanisms that target viable projects, can plug the hole of the lacking

investment.

Alongside substantial increases in finance for energy technology innovation,
implementation efforts need to be co-ordinated to ensure that resources are allocated
effectively (Box 1.8). Joint research partnerships among countries as well as between
public and private sector can address regional technology innovation needs by developing
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tailored innovation programmes. Alignment of research objectives internationally and
enhancement of collaborative work through multilateral partnerships will maximise the
benefits from the mobilised investment.

There are already various multilateral
international energy technology collaboration
initiatives, including the IEA Energy Technology
Network, Clean Energy Ministerial, Innovation for
Cool Earth Forum and Low Carbon Technology
Partnerships. It will be important to build upon
these and streamline and synergise existing efforts
to create truly global collaboration in energy
technology innovation.

The IEA has a long track record in helping
to build a supportive enabling environment
for collaboration in technology innovation.

The IEA Technology Collaboration Programmes
(TCPs), formerly known as the IEA Implementing
Agreements, were established 40 years ago and
now comprise around 6 000 participants from
51 countries. TCPs have both fed into and taken
advantage of the multitude of tools developed
by the IEA, which provide information on

how technology innovation can contribute to
achieving policy and business objectives. These
tools have helped the IEA develop a unique
capacity in terms of providing guidance, inputs
and co-ordination for multilateral energy
technology collaboration.

Collaborative initiatives can be used for setting common goals and objectives in specific
technology areas, developing global, regional and national roadmaps to achieve the goal and
identifying the outstanding issues to be addressed. Collecting and compiling information

on countries’ individual and collective efforts in low-carbon technology innovation can help
determine whether a specific technology is on track in terms of its commercialisation. The
existing and new initiatives can also assist governments, private investors and technology
innovators by providing information needed to promote commercialisation and dissemination
of clean energy technologies so they reach global market penetration. The commitment
under Mission Innovation, that participating countries provide, on an annual basis,
transparent, easily accessible information on their respective clean energy RD&D efforts,
should be implemented and be extended to include key private-sector actors in the energy

technology innovation field.

Policy action to lead the transition

Achieving the 2DS will require an unprecedented effort to develop and deploy low-carbon
technologies and to effect behavioural changes that increase preferences for end-use
services such as public transport. If impacts from climate change are to be limited and, at
the same time, other energy sustainability objectives are to be achieved, energy policies
need a structural, swift and no-regret change of direction now.

The ongoing debate and analysis on “what we should do” and “what we can expect” - i.e. the
ideal solutions and the potential impacts of alternative strategies — are instrumental to
implementing more efficient policies. However, such debate should not be an excuse for
complacency to avoid facing the costs of transition. The additional investments to deploy
the technology necessary to reduce carbon emissions are required in order to avoid what
could be far larger costs to society over the long term. Scenario modelling and analysis
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carried out for the Nordic region (NER and IEA, 2016) shows that carbon neutrality can be
achieved with additional regional investment costs amounting to a small fraction of the
cumulative regional GDP over the period 2013-50 (Box 1.9).

Representing the world’s 12th largest economy in
nominal GDP terms, the five Nordic countries of
Denmark, Finland, Iceland, Norway and Sweden all
have ambitious climate targets for 2050. To realise a
near-carbon neutral scenario by 2050 would require
additional investments in infrastructure and energy
efficiency of the order of 1% of cumulative GDP over
the period. However, these investments are more
than offset by fuel savings and avoided external
costs related to the health impacts of air pollution.
Increased energy security and other benefits will
further strengthen the economic case for these
investments.

Progress has and will continue to be driven by
policy action and cross-border co-operation.
Carbon taxation and regional grid integration
have brought the carbon intensity of Nordic
electricity supply to a level the world as a whole
must reach in 2045 in order to realise the

2°C Scenario. The Nordic countries are improving

energy intensity in buildings through some of
the world’s most stringent building codes, and
reducing the carbon intensity of heat supply
through low-carbon, advanced district heating
networks. Decarbonisation of transport will
require aggressive policy action and the majority
of additional investments, but progress is
already evident, as exemplified today by Norway’s
world-leading EV roll out. The Nordic industry
sector is energy intensive and has a high share

of process emissions, requiring the deployment

of CCS or radical improvements in production
technologies. In the power generation, heat,
buildings and transport sectors, strong policies
have and can continue to reduce emissions
without compromising competitiveness; Nordic
industry on the other hand is at greater risk of
carbon leakage. Deft policies in the industry sector
and international co-operation will be crucial

in achieving these final steps towards a carbon-
neutral Nordic energy system (NER and IEA, 2016).

Carbon pricing, removal of fossil fuel subsidies, market and regulatory frameworks aligned
with long-term sustainability targets, increased public support for RD&D activities, and all
other levers require swift adoption, but policy action is lagging behind, even to realise the
easiest of these measures. For instance, implementation is required to increase confidence
that a revenue-neutral carbon tax can actually lead to net positive macroeconomic effects.
Overall, the 2DS is supported by many policy pillars, which need to be adapted to regional
and national contexts to maximise the benefits of the transition.

However, even the 2DS might bring disruptive climate change impacts for some countries
and regions. The negotiation process, as well as the outcome, of COP21 recognised this
risk and called for stepping up efforts to an even more ambitious objective of limiting

the long-term temperature increase to “well below” 2°C. With this momentum, the IEA
proposes to focus the next edition of ETP on re-defining the climate goals to meet what
may turn out to be one of the greatest challenges that humanity has faced: radically
restructuring the world’s energy system in only three decades to achieve carbon neutrality
earlier than 2050.

Preliminary analysis indicates that to have at least a 50% probability of limiting the long-
term increase to 1.5°C, the feasibility of ambitious low-carbon scenarios becomes even
more important. Therefore, the proposed IEA analysis of the “well below” 2°C path will
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aim to address the most important questions on the role of technology and policy to meet
this target. For instance, greater understanding is needed of whether relying only on the
current technology “stock” — even accounting for a continuation of the technological trends
that have been observed until now — can take the global energy system well below the

2°C goalpost without a significant increase in investments needed to achieve the additional
carbon emissions reduction required. The transformation needed in the energy system to
achieve such an ambitious objective might still rely on a similar low-carbon technology

mix as for the 2DS, but deployed at a much faster rate. However, it is important to analyse
the contribution of other options, such as accelerated technology innovation, which could
not only continue to sustain linear improvements to existing technologies but also bring
breakthrough energy technologies to technical and economic viability. Policy makers should
therefore aim to bring radically innovative energy technologies to market. In addition,
lifestyle changes could play an essential role in the “well below” 2°C path, and the potential
impact of policy in shaping technology-related behaviours to drive this transition would also
merit greater examination.

In sum, many levers are still available to policy makers. Recent policy commitments need
to be translated into action at a fast pace not only to avoid the severe long-term economic
costs of unsustainable patterns of energy use, but also to continue providing human
development opportunities to large sections of humanity.
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Tracking Clean Energy
Progress

Clean energy technologies continued their advancement as mainstream
energy solutions in 2015. However, policy makers need to remain
committed, to avoid a lowering of priorities due to low oil and coal prices at
this critical time, to the transition to a decarbonised energy system.

Key findings

® The threshold of 1 million electric cars than previously thought. However, several

was crossed in 2015, with an overall
annual sales growth rate of 70%. While
still small in absolute terms relative to the
entire vehicle stock, this growth provides
confidence in a viable alternative technology
solution. Continual annual average growth of
at least 39% is required to remain on track
with the Energy Technology Perspectives (ETP)
2°C Scenario (2DS) 2025 sales objective. This
ambitious near-term objective seems achievable
with sustained policy and funding support.

Renewable power generation grew by an
estimated 5% in 2015 and now accounts
for around 23% of total electricity
generation globally. New renewable
electricity capacity grew at its fastest pace in
2015, supported by policies driven by energy
security, local pollution concerns and climate
benefits. With the momentum of the United
Nations Framework Convention on Climate
Change (UNFCCC) 21st Conference of the Parties
(COP21) and recent policy changes, the outlook
for renewable power is more optimistic. However,
policy uncertainties, non-economic barriers and
grid integration challenges persist, preventing
renewables from being fully on track with the
2025 2DS target.

Nuclear power plant grid connections
doubled in 2015. Furthermore, progress
and construction times in 2015 show the
long-term 2DS targets to be more achievable

© OECD/IEA, 2016.

policy matters have the potential to impede
the deployment of new nuclear power plants.
In particular, more support is needed for the
existing fleet to prevent early closures.

® Further proof of the technical viability

of carbon capture and storage (CCS) was
demonstrated in 2015. The current wave of
CCS projects continued to move forward, with two
new projects beginning operation in 2015. CCS has
applications across both the power and non-power
sectors, including in processes that may have
no alternative for deep emissions reductions
(e.g. cement, steel); however, progress is
falling short, with no new investment decisions
or advanced planning for projects in 2015.
Industry and governments need to make
significant investments in projects and technology
development to get CCS on track to meet the

2DS target.

B Energy efficiency improvements

continued at a steady pace, with buildings
and appliances improving at a faster

rate than other end uses. However, more
aggressive measures are vital in the short term
to stay on the least-cost pathway to meet 2DS
targets and fulfil the role of energy efficiency

as the largest contributor to greenhouse gas
(GHG) emissions reductions under International
Energy Agency (IEA) scenarios, and contribute
to achieving energy-related emissions peaking
in the short term.
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Opportunities for policy action

® Despite low energy prices, strong action to
eliminate fossil fuel subsidies - especially
while oil prices are low — needs to happen in
the short term. Fossil fuel subsidies create
an uneven playing field for clean energy
technologies. Eliminating fossil fuel subsidies
would unlock significant financial resources that
could be redirected to implementing existing
cost-effective energy efficiency measures and
investment in innovative clean energy solutions.

B Effective measures that can be implemented
quickly in the short term include international
and regional alignment on the stringency and
coverage of minimum enerqgy performance
standards for appliances and equipment, such
as building heating and cooling equipment,
industrial motors, and vehicles. Widespread
deployment of existing best available
technologies to improve energy efficiency could
yield significant annual savings.

® Decarbonising electricity generation is an
imperative in order to meet 2DS targets.
Final electricity prices need to reflect the
environmental and other costs of fossil-based
generation. Recognition needs to be given to
the emissions reductions that clean energy
generation can provide and the energy security
and flexibility made possible by these resources,
whether variable and distributed renewables or
large centralised clean energy solutions such as
nuclear and CCS.

® Incentives to increase the uptake of system
integration technologies that closely match
supply with demand and improve overall system
performance are also needed, especially in
countries and regions where the electricity grid
is expanding.

Energy market frameworks need to ensure
uninterrupted investments in clean energy
technologies. Broader integration of sustainable
energy into policy and market frameworks, as
well as strategic planning in all energy end-use
sectors, are needed for sustainable development
and to avoid lock-in to an inefficient energy
future.

To increase the deployment of renewables

for both power and heat generation,
governments need to eliminate persistent policy
uncertainties, avoid retroactive policy changes,
and address other issues such as financing, grid
access and system integration by implementing
well-established best practices.

Policy attention and investment in research
and development of clean energy solutions
are essential in order to facilitate achieving
long-term goals. The recent successes in
proof of concept of CCS and energy storage
solutions are a result of long-term innovation;
however, in order to have continued advances
in maturity and scale, sustained support is
required. Enhancing international co-operation
is a favourable way to achieve and accelerate
innovation.

Globally there needs to be more emphasis on
improving data availability and coverage as
well as the usage of clean energy technology
indicators in order to understand the aggregate
impact of progress made in the development and
deployment of clean energy technologies. There
are multiple ways to do so, and particularly
encouraging is the move to track progress of
Nationally Determined Contributions by the
UNFCCC COP21, which will create demand for
more detailed data and quantitative analysis.

Tracking: How and against what?

Tracking Clean Energy Progress (TCEP) examines the progress of a variety of clean energy
technologies towards interim 2025 2DS targets. Published annually, TCEP highlights how
the overall deployment picture is evolving. For each technology and sector, TCEP identifies
key policy and technology measures that energy ministers and their governments can take
to scale up deployment, and drive efforts to achieve a more sustainable and secure global

energy system.

© OECD/IEA, 2016.
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TCEP uses interim 2025 benchmarks set out in the 2DS, as modelled in ETP 2016, to assess
whether technologies, energy savings and emissions reduction measures are on track to
achieve 2DS objectives by 2050. As in previous TCEPs, there is an evaluation of whether a
technology or sector is on track, needs improvement or is not on track to meet 2DS targets.
Where possible this “traffic light” evaluation is quantitative. There is also a short-term
evaluation of progress in the most recent year for which data are available.

The report is divided into 18 technology or sector sections, and uses graphical overviews to
summarise the data behind the key findings. The 2DS relies on development and deployment of
lower-carbon and energy-efficient technologies across the power generation, industry, transport
and buildings sectors (Figure 2.1).

42

M Other 6%

40

M Buildings 17%

38
M Transport 21%

Gtco,

Industry 32%
34

M Power 25%
32

30
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Note: GtCO, = gigatonnes of carbon dioxide.

For each technology or sector, TCEP examines under the headings of “recent trends”, “tracking
progress” and ‘recommended actions”.

Recent trends are assessed with reference to the three TCEP measures that are essential to
the success of individual technologies: technology penetration, market creation and technology
development.

Technology penetration evaluations include: What is the current rate of technology deployment?
What share of the overall energy mix does the technology represent?

Market creation examines what mechanisms are in place to enable and encourage technology
deployment, including government policies and regulations. What is the level of private-sector

investment? What efforts are being made to increase public understanding and acceptance of
the technology? Are long-term deployment strategies in place?

Technology developments discuss whether reliability, efficiency and cost are evolving and at
what rate? What is the level of public investment in technology research, development and
demonstration (RD&D)?

Tracking progress: For each technology or sector, progress towards 2DS objectives is
evaluated.

Recommended actions: Policy measures, practical steps and other actions required to
overcome barriers to 2DS objectives are identified.


http://www.iea.org/etp/etp2016/secure/tracking
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Status against 2DS targets in 2025

Renewable
power

With the improving competitiveness
of a portfolio of renewable
technologies and after the recent
policy changes around COP21,

the outlook for renewable power

is more optimistic. Onshore wind
and solar PV are on track to meet
their 2DS targets but more effort
is needed for other technologies to
ensure renewable power is fully on
track with 2DS.

e

Policy recommendations

Maintain or introduce further policy support and appropriate market
design that enhance competition while sending clear and consistent
signals to investors, notably long-term arrangements needed to
de-risk investment in capital-intensive technologies.

Avoid any policy uncertainties - especially retroactive change - that
can create higher risk premiums, undermining the competitiveness of
renewables.

Take a holistic approach that maximises the value of a renewables
portfolio to the overall system. Countries beginning to deploy
variable power plants should implement well-established best
practices to avoid integration challenges.

\HEEasla= 8 Long-term policy and financial
uncertainty remain for nuclear
power, but significant increases in
both construction starts and grid
connections in 2015 helped make
progress towards meeting 2DS
targets.

Policy support is needed to encourage long-term operation of

the existing fleet and construction of new plants, given their vital
contribution to GHG emissions reductions, as well as their contribution
to energy security.

Incentives such as carbon taxes or electricity market designs
providing stable revenues may be required in liberalised markets,
which otherwise favour lower-fixed-cost technologies.

\Eullell==eil=el The recent fall in coal prices

power relative to natural gas and falling
electricity demand have curtailed
growth in capacity and generation,
making it difficult to gauge if
natural gas-fired power would
reach its 2DS potential.

To encourage coal-to-gas switching, electricity market incentives,
such as carbon prices and more stringent regulation of plant
emissions, are needed.

Electricity market mechanisms are needed that recognise natural
gas-fired power’s operational flexibility to support the integration of
variable renewables.

Coal-fired
power

©

Despite a slowdown in coal
consumption globally, the projected
trajectory of emissions reduction
from coal is not on track to meet
2DS projections.

Where coal-fired capacity is expanding, policy measures are required
to ensure assessment of the full range of lower-carbon generation
options to satisfy new capacity.

Generation from the less-efficient subcritical coal units should

be phased out and new coal-fired units should have efficiencies
consistent with global best practice - currently supercritical or
ultra-supercritical technology.

Moderate progress in CCS

was made in 2015. Significant
investment in projects and
technology development by industry
and governments are needed to

get CCS on track to meet the 2025
target of 541 million tonnes of
carbon dioxide (CO,) stored per
year.

A

New projects need to be proposed and supported from development
to operation to ensure a growing stream of projects through the
development pipeline.

Investment in storage resource development will de-risk projects

and shorten the development time. Storage characterisation and
assessment are often the longest aspect of project development and
outside the skill base of CO, capture project developers.

Continued research and development of CO, capture technologies
are needed, including innovative technologies to reduce the costs and
operational penalty of CO, capture.

On track?: . Not on track

Recent trends: N\l Negative developments

. Improvement, but more effort needed

~~ Limited developments

On track, but sustained deployment and policies required

7) Positive developments

© OECD/IEA, 2016
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Summary of progress (continued)

Status against 2DS targets in 2025 Policy recommendations
Industry Progress in industry continues, but =  Incentivise fuel switching, energy efficiency and deployment of best
the pace of improvements needs available technologies (BATs) in all industrial sectors by valuing these
to increase to meet 2DS by 2025, developments via international co-ordination and long-term stability
G bringing energy use to 12% and on carbon-pricing mechanisms and energy taxation.
CO, emissions to 16% below the = Encourage efficient use of all resources, and enable integrated,
current trajectory by 2025. cross-sectoral benefits through sustainable diversification of
production.

= Create frameworks for co-operative, co-ordinated international
and public-private efforts to accelerate development of innovative
technologies globally.

A\ttt | Though progress has been made = Prioritise recycling and material efficiency through all steps in the
in improving energy intensity, product chains.
continued demand growth will = Encourage producers to upgrade to BATs, make continual
make 2DS increasingly difficult to improvements to optimise equipment operation and phase out
attain without major technological outdated equipment, such as Sederberg smelters.
innovations and renovations. = Engage all stakeholders to support development of alternative

process technologies, such as inert anodes, to reach deeper
emissions reductions for the long term.

Transport Transport emissions have increased Policies must raise the costs of owning and operating transport

at a rate of 1.9% per year over the modes with high GHG emissions intensity.
@ last decade. To meet 2DS targets, = Fuel subsidies must be phased out and emissions-based fuel taxes
emissions must peak and begin to established.

decline within the coming decade. = Vehicle taxes must also be levied according to vehicles’ emissions
intensity performance, with monitoring and enforcement to ensure
that the purported performance levels are being achieved.
= Fiscal policies must be supplemented by other national
(e.g. emissions and fuel economy standards) and local (e.g. parking
and congestion pricing, public transport investment) measures.

Electric Electric cars have the potential = Continued RD&D support is needed to hasten the milestone year
vehicles to displace internal combustion when purchase costs of electric cars with all-electric ranges capable
engine (ICE) cars in the context of accommodating most driving needs reach parity with ICE cars.
@ of sustained RD&D, together with =  Governments must also prioritise comparative policy analysis and
differentiated vehicle taxes and market research focusing on consumer preferences.
fuel taxes that incorporate social = Differentiated vehicle taxes (such as “feebates”) and high fuel taxes
costs of GHG emissions. align the private and social costs of vehicle ownership, thereby

closing the gap between purchase cost parity of electric and ICE cars.

Aviation While recent annual average fuel = The introduction of CO, taxes on aviation fuels and mobilisation of
efficiency improvements of 3.9% investments for the development of high-speed rail networks would
have exceeded aviation industry contain activity growth. Carbon taxes will be needed to promote
targets, meeting targeted fuel fuel efficiency improvements exceeding International Civil Aviation
efficiency improvements beyond Organization’s targeted 2% annual improvement rate. Achieving the
2020 of 2% per year to 2050 will CO, emissions reductions targeted by the Air Transport Action Group
become increasingly challenging. would most likely require the introduction of biofuel mandates or

other market-based incentives.

On track?: . Not on track ' Improvement, but more effort needed ‘ On track, but sustained deployment and policies required

Recent trends: A\l Negative developments ~~ Limited developments /) Positive developments

© OECD/IEA, 2016.
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Status against 2DS targets in 2025

Biofuels

o

Modest growth rates (2% per year)
in global conventional biofuels
production and the early stage

of development in the advanced
biofuels sector have resulted

in a downward revision of the
contribution of biofuels within

the 2DS.

Policy recommendations

Ambitious and long-term targets are needed for the transport sector
relating to emissions reductions, shares of renewable energy and
phasing out fossil fuels.

Widespread and strengthened advanced biofuel mandates or
alternative policies that stipulate reductions in the carbon intensity
of transportation fuels should be considered.

Financial de-risking measures may be needed to facilitate advanced
biofuel production capacity investment.

Biofuels policies are needed that work within suitable governance
frameworks to ensure that environmental, social and economic
sustainability impacts are avoided.

Buildings

Current investment in buildings
energy efficiency is not on track to
achieve the 2DS targets. Globally,
buildings energy performance (per
square metre) needs to improve
from a rate of 1.5% per year in the
past decade to at least 2.5% per
year over the next decade to 2025.

All governments need to develop rigorous and enforceable building
energy codes and performance criteria for both new and existing
buildings.

Effective policies and financial incentives are needed to leverage
aggressive energy efficiency action in buildings to establish market
demand.

Near-zero and zero-energy buildings should be promoted across all
regions with supporting incentives and energy performance standards
for very-high performance building products and equipment.

Building
envelopes and
equipment

Progress on adoption and
enforcement of building energy
codes and equipment energy
performance standards is
promising, but action has to date
not kept pace with buildings sector
growth. Deep energy renovations of
existing buildings are not on track
to achieve the recommended 2%
to 3% annual building renovation
level.

Policy makers should continue to develop, adopt, enforce and review
building energy codes and standards to improve the energy efficiency
of new building construction.

Governments need to promote deep energy renovation of existing
building stock during normal refurbishment, including deep energy
retrofits in public buildings to demonstrate the potential and
economic value of these renovations.

Labelling and minimum performance standards for building
components need to be enforced to accelerate the deployment of
energy-efficient technologies, including financial incentives for very-
high-performing products to increase adoption of BAT.

Appliances and
lighting

The global coverage of energy
efficiency standards and labelling
programmes has increased (more
than 80 countries, covering

more than 60 different types of
appliances and equipment), but
further efforts are needed.

Increase coverage and stringency of energy efficiency standards, and
increase effectiveness of labelling.

Phase out inefficient technologies such as halogen lamps.

Increase international and regional alignment where possible.
Develop policies and approaches aimed to reduce miscellaneous
electric loads.

Solar heating

Solar thermal heating has

the potential to contribute to
decarbonising the heat sector,

but if recent trends in challenging
economics, inadequate support and
non-economic barriers continue,
deployment will not progress fast
enough to meet the global 2DS
target.

Government efforts should focus on increasing the economic
attractiveness across all solar thermal market segments such as
providing adequate and consistent incentives over a predictable
period of time and promoting innovative business models aimed at
reducing high up-front costs.

Successful policies that set targets, mandate obligations and raise
public awareness of solar thermal technologies should be replicated
to create an enabling environment for solar heat.

On track?:

Recent trends:

. Not on track

A\l Negative developments

. Improvement, but more effort needed

~~ Limited developments

On track, but sustained deployment and policies required

/) Positive developments
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Summary of progress (continued)

Status against 2DS targets in 2025

(@=Ll | Shifts away from conventional,
“ls e l5idtae o inefficient power generation are
(eErdla= el critical to achieving 2DS targets,
cooling and combined heat and power with
modern, efficient district heating
@ and cooling (DHC) systems can help
reduce primary energy demand and
improve overall system efficiency.

Policy recommendations

Mapping of heating and cooling opportunities across the energy
economy can identify potential synergies and technology choices
in electricity and heat generation and identify cost-effective
opportunities to develop DHC networks in a more efficient, integrated
energy system.
Policy measures are needed that facilitate investment in modernising
and improving existing DHC networks to make them more energy
efficient and maximise opportunities to use low-carbon energy
sources as well as industry excess heat recovery.

Policy makers should remove market and policy barriers that prevent
co-generation and DHC from competing as efficient and low-carbon
solutions, such as high up-front investment costs, inflexible business
structures, and lack of long-term visibility on policy and regulatory
frameworks.

Smart grids

Growth in smart-grid technologies
decelerated in 2014, driven by

market saturation and uncertainty
"’:a::\\ in some key markets. Smart-grid
technologies leveraging information
technology solutions compensated
for the stagnant growth in physical
network assets.

Adapt regulations to capture the value of smart-grid investments in
cost and performance targets of network owners and operators.
Encourage widespread adoption of standards and interoperability
throughout the smart-grid value chain.

Increase awareness of cybersecurity and data ownership issues to
prepare for widespread deployments.

Sl == Rapid cost reductions, accelerated
deployment pace and specific
policy action would justify a green
rating. Sustained deployment and
policies are required to maintain
7 these trends.

Adapt market and regulatory frameworks to maximise value from
storage deployments.

Diversify RD&D of storage technologies beyond lithium ion
chemistries.

Promote training and capacity-building programmes for grid
integration of storage.

On track?: . Not on track

Recent trends: A\l Negative developments

. Improvement, but more effort needed

~ Limited developments

. On track, but sustained deployment and policies required

/) Positive developments

© OECD/IEA, 2016.
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Renewable power

o Improvement needed
A Positive developments

Renewable power capacity grew at its fastest pace in 2015, supported by
policies driven by energy security, local pollution concerns and climate
benefits. With ambitious pledges put forward for the 21st Conference of the
Parties (COP21) and recent policy changes in various countries, the outlook
for renewable power is more optimistic than the forecast presented in the
International Energy Agency (IEA) Medium-Term Renewable Energy Market
Report (MTRMR) in October 2015 (IEA, 2015a). However, further policy
action is needed to tackle both economic and non-economic challenges to
deployment and put renewable power on track with the Energy Technology
Perspectives (ETP) 2°C Scenario (2DS) target.

Recent trends

In 2015, global renewable electricity generation rose

by an estimated 5% and accounted for around 23%

of the overall generation. The People’s Republic of
China (hereafter “China”) remained the largest market,
accounting for an estimated 23% of global renewable
electricity generation in 2015, followed by the European
Union (17%) and the United States (US) (119%).

In 2014, net additions to grid-connected renewable
capacity grew at their fastest pace, with 130 gigawatts
(GW) installed globally. Early estimates show that this
growth could be even higher in 2015, marking another
record. In 2015, around 40% of new renewable additions
came from onshore wind, with the commissioning of
an estimated 60 GW of new grid-integrated capacity.
China installed more than half of global onshore wind
additions (33 GW), as developers rushed to commission
their projects by January 2016 so as not to be affected
by the feed-in tariff (FIT) reduction. The European
Union added around 10 GW, which was slightly lower
than 2014 additions, as lower capacity came on line

in Germany. The United States added close to 8.5 GW,
followed by Brazil (2.7 GW) and India (2.3 GW).

Solar photovoltaic (PV) capacity grew by 45-50 GW

in 2015. China (15 GW) and Japan (11 GW) together
represented more than half of this growth. New
additions in the United States were 15% higher than
the previous year, with around 7.3 GW installed. In the
European Union, solar PV annual installations increased
by around 10% to 7.5 GW. This new capacity was led
by the United Kingdom (3.6 GW) Germany (1.3 GW) and

France (1 GW). The expansion of solar PV in India picked
up and reached 2 GW last year.

Hydropower additions are estimated to decrease for

the second consecutive year since 2013, with fewer
new capacities installed in China (19 GW including
pumped-storage capacity) and Brazil (2 GW). Offshore
wind annual deployment marked a new record, with over
3 GW connected to the grid, as a number of delayed
projects in Germany became fully operational. Two large
solar thermal electricity projects came on line, one in the
United States (Crescent Dunes — 110 megawatts [MW])
and one in South Africa (KaXu Solar One — 100 MW). In
2015, the annual new installed capacity for bioenergy
for power almost doubled, with major capacity coming
on line in China, India and Thailand, while geothermal
additions were around 300 MW.

Renewable costs, especially solar PV and onshore

wind, have fallen dramatically in recent years. From
2010 to 2015, indicative global average onshore wind
generation costs for new plants fell by an estimated
30% on average, while costs for new utility-scale solar
PV declined by two-thirds. Over 2015-20, new onshore
wind costs are expected to decline by a further 12%,
while new utility-scale solar PV will decline by an
additional quarter. These cost reductions are in line with
the ETP 2025 targets. For offshore wind, costs have
been increasing over the past few years as the majority
of projects are being installed farther from the coasts
and in deeper water. However, the results of the recent
tender in Denmark and the contract for difference in the
United Kingdom for projects that will come on line over
2018-20 have already shown a cost reduction potential
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2.2 Renewable power generation by region
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up to 20%, compared with similar projects awarded
three to five years ago.

The cost-effectiveness of some renewable options

has improved because of a combination of sustained
technology progress, expansion into newer markets
with better resources, and better financing conditions,
often supported by market frameworks based on price
competition for long-term power purchase agreements
(PPAs). Recently announced long-term remuneration
contract prices offer evidence of such indicative
forecast costs and suggest even lower generation costs
are possible in the next few years. New onshore wind
can be contracted today in a number of countries at
USD 60/MWh-USD 80/MWh, with the best cases closer
to USD 50/MWh (e.g. Brazil, Peru, Egypt and some US
states). Meanwhile, new utility-scale solar PV projects
can be contracted at USD 80/MWh-USD 100/MWh
(e.g. France, Germany and Uruguay), with the best cases
at around USD 60/MWh (e.g. Chile, Peru, United Arab
Emirates, Jordan, South Africa and some US states).

While onshore wind and solar PV have not yet achieved
widespread competitiveness versus fossil fuels, these
benchmark cost ranges are comparable in some
countries and regions with generation costs from gas,
even in the current fuel price regime. In countries such
as Australia, Brazil, Chile and South Africa, onshore
wind can represent a more cost-effective source of
new generation than fossil fuels. However, these cost
trends do not automatically imply that solar PV and
onshore wind are fully competitive. Competitiveness
also depends on the value of the generation, where and
when it is produced, and the system costs associated
with integrating higher shares of variable renewables.

Over the last year, 160 Intended Nationally Determined
Contributions (INDCs), representing 188 countries
accounting for about 97% of global emissions, were
submitted both before and after the COP21 meeting.
More than 90 parties outlined renewable energy as a
priority area with high mitigation potential, while more
than 40 countries highlighted renewable electricity as
part of their greenhouse gas (GHG) reduction strategy.
Of the Organisation for Economic Co-operation and
Development (OECD) countries, Japan, Australia, Chile,
Israel, New Zealand and Turkey introduced renewable

electricity targets in their INDCs. In non-OECD countries,

Brazil announced its intention to increase the share of
non-hydro renewables in power generation to 23% by
2030, from around 9% today. India’s INDC pledges to
increase its solar capacity twenty-five-fold to 100 GW
and to more than double wind capacity to 60 GW

by 2022. In addition to those highlighted in INDCs,
many more countries announced new renewable
power targets, both ahead of and after COP21.
France’s “energy transition law” set a new goal of 40%
renewable power by 2030. The United States pledged
to increase the share of renewables in electricity
generation (excluding hydropower) from 7% to 20%
by 2030.

Overall, policy remains vital to achieve these ambitious
targets because it has a direct impact on the
attractiveness and deployment of renewables. Over the
last year, some positive developments have taken place
to address renewable policy uncertainties in various
countries. In the United States, the production tax credit
(PTC) for onshore wind was extended through the end
of 2019, but will be progressively reduced from 2017.
For other renewable energy technologies (geothermal,
municipal waste, landfill gas, and open- and closed-loop
biomass), the PTC was only extended through the end
of 2017. The investment tax credit (ITC) was extended
through to 2022 for utility-scale solar PV, but it will
gradually decrease in 2020 from 30% to 26%; to 22%
for facilities starting operation in 2021; then dropping
to 10% for utility and commercial applications. For
residential systems, the ITC will be phased out through
2021 following the same schedule. These extensions are
expected to give a longer-term visibility to renewable
energy developers, lifting a major policy uncertainty and
accelerating deployment.

In September, Mexico released rules for electricity and
clean energy certificate markets, which included the
schedule of renewable auctions with long-term PPAs
that will be awarded in 2016. In France, the enactment
of the “energy transition law” is expected to facilitate
the deployment of renewable energy projects with
strong binding targets, as well as the introduction

of new zoning and permitting regulations. In Latin
America, recent changes in the auction design in Chile
have enabled wind and solar PV to be part of annual
energy tenders offering lower prices than fossil fuel
alternatives.

Not all policies introduced over the last year were
supportive to renewable deployment. For instance, in the
United Kingdom, the government decided to cut the FIT
for both small-scale solar PV and large onshore wind
projects. The Department of Energy and Climate Change
(DECC) also confirmed that it will end support for all
new solar farms supported through the Renewables
Obligation. Having approved a renewable energy law in
April 2015, replacing the green certificate scheme with
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2.5 Long-term contract prices for 2016-19 project commissioning
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auctions, the Polish government decided in December
2015 to postpone the implementation of the law for
six months. In Nevada, the Public Utilities Commission
approved a new net metering policy that changed
remuneration of excess electricity from the retail to the
wholesale rate, for both existing and new projects.

Tracking progress

Renewable electricity generation is expected to grow
by over 30% between 2014 and 2020, reaching

7 300 terawatt hours (TWh), and is currently at risk of
falling short of the 2DS target of 10 340 TWh by 2025.
This result is subject to strong regional differences
across technologies and regions.

Solar PV is fully on track to meet its 2DS power
generation target by 2025. Its forecast is more
optimistic over the medium term, reflecting more
optimistic growth prospects and expectations of
improving economics. The growth should be robust

in OECD countries, with decreasing annual additions

in Europe compensated by strong expansion in the
United States, Chile, Japan and Mexico. In non-OECD
countries, growth of solar PV should continue spreading
geographically. Deployment trends in China are strong,
owing to improving economics and growing distributed
generation opportunities. If these medium-term trends
continue, solar PV could even surpass its 2025 target.

Onshore wind, the second-largest renewable technology,
is also on track. In OECD countries, the outlook in the
United States is more optimistic after the long-term
extension of the PTC. However, grid integration and
policy uncertainty challenges persist, especially in the
European Union and Japan. Doubts over governance

of the European Union's 2030 climate change goals

and recent policy changes in the United Kingdom and
Poland are expected to affect the deployment. In non-
OECD countries, onshore wind is expected to grow fast,
especially in China, Brazil and India. However, integrating
large amounts of new onshore wind power remains a
challenge, especially in China and India.

For offshore wind, OECD countries, particularly in
Europe, are expected to lead deployment driven by cost
reductions and grid connection improvements. With this
prospect, OECD countries are on track to meet their
2DS targets. Deployment is still falling behind in non-
OECD countries, especially in China, as investment costs
remain high and technological challenges persist.

Hydropower needs improvement to reach its 2DS
generation target. Over the medium term, new additions
of hydropower capacity are expected to fall in OECD
countries, mainly due to decreasing resource availability.
In non-OECD countries, new additions are expected

to be strong, with great potential still available in Asia
and Africa. However, environmental concerns and lack
of financing pose challenges to large-scale projects. In
China, annual growth of hydropower is expected to slow
down due to similar challenges.

High investment costs for solar thermal energy
(STE) are slowing the pace of deployment. The
potential for electricity generation from geothermal
energy remains largely untapped. However, pre-
development risks remain overall high. For biomass,
sustainability challenges and long-term policy
uncertainty have been affecting the economics of
large projects, particularly in OECD countries. Ocean
power is still at the demonstration stage, with only
small new projects deployed mostly in Europe and
North America.

Policy recommendations

The drivers for renewables — energy security, local
pollution reduction and decarbonisation — remain
robust, supporting record-level deployment in both
2014 and 2015 in the power sector. This growth

is underpinned by dramatically falling costs for
renewable power in many parts of the world, driven
also by policies that have enhanced competition and
have provided long-term revenue streams. Countries
should learn from factors that have led to lower
remuneration levels.

Targets and policies announced before and after the
COP21 meeting in Paris are expected to enhance
deployment. Achieving the objectives of COP21 will,
however, require policy makers to send clear and
consistent signals, and maintain policy support and
appropriate market design. Any policy uncertainty can
create higher risk premiums, which directly undermine
the competitiveness of capital-intensive renewables.

Countries beginning to deploy variable renewable

power plants should implement well-established best
practices to avoid integration challenges. Markets where
variable renewable penetration is already high should
take advantage of their existing flexibility assets, and
consider other flexibility mechanisms to optimise the
balancing of their overall energy system.
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Nuclear power

o Improvement needed
~ Limited developments

Global nuclear generation continued to increase gradually. At the end

of 2015, 67 reactors were under construction. Construction starts rose
again in 2015 to seven units, up four from 2014, and the number of grid
connections doubled from five in 2014 up to ten in 2015.

Recent trends

Perhaps the biggest nuclear news of 2015 was the
restart of the first two reactors in Japan under the
new regulatory regime set up following the accident at
Fukushima Daiichi in 2011. Sendai 1 and 2 restarted,
becoming the first two reactors in Japan to receive

full safety and local government approval, successfully
navigating the new regulatory and approval process.
Additional units are preparing to restart in early 2016.
China is by far the leader in new plant construction,

connecting 14 reactors to the grid in the last three years

with an average construction time of 5.5 years. Another
24 units are currently under construction, including three
Hualong One reactors — a domestic advanced reactor
design that China is looking to market worldwide.

Several policy matters have the potential to impede the
deployment of nuclear power. India’s 2010 Civil Liability for
Nuclear Damage Act, which allows the operator recourse
against suppliers under certain circumstances, is still a
matter of concern, in spite of the establishment in 2015
of a nuclear insurance pool. Commercial negotiations
are ongoing with a number of reactor vendors, but

no firm contract has been signed. In July 2015, the
French Parliament passed a new “energy transition” bill
aimed at reducing carbon emissions across the energy
sector. Although the French electricity mix is virtually
decarbonised (74% nuclear, 13% hydro, 3.8% wind and
solar [IEA, 2015b]), the bill also sets a target of reducing
the share of nuclear electricity to 50% by 2025. This
generation is to be replaced by renewables (with backup
technologies, presumably gas), leading to an increase in
carbon dioxide (CO,) emissions from the power sector.

In the United States and Europe, reactor operators
continue to re-evaluate the continued operation of
nuclear power plants in deregulated markets, claiming
that the importance of large, base-load power from
non-emitting sources is not being recognised in the
market pricing mechanisms. In the United States,
Entergy announced it would shut down the Pilgrim
plant in 2019, though it has a licence to operate

until 2032, and later announced it would also shut down
its FitzPatrick plant in New York. In Sweden, Vattenfall
announced the earlier-than-anticipated shutdown of
Ringhals 1 in 2020 and Ringhals 2 in 2019, instead of
2025, and E.ON announced the immediate shutdown of
Oskarshamn 1 and 2 initially due to shut down between
2018 and 2020. These utilities blame low wholesale
electricity prices, the burden of Sweden’s tax on nuclear
power and the cost of upgrading the plants.

At the same time, Electricité de France’s Hinkley Point
C plant in the United Kingdom seems to have found a
financing option that other countries with liberalised
electricity markets may decide to follow; its guaranteed
pricing contract for difference (CfD) agreement having
withstood legal challenges to date. In 2015, Finland
became the first country to licence construction of a
permanent repository for high-level waste.

Tracking progress

According to the most recent Red Book (NEA and IAEA,
2014), gross installed capacity is projected to reach
438-593 GW by 2025, up from the current 403 GW; in
the 2DS, global nuclear capacity would need to reach
553 GW by that time. Several nations, including China,
have announced ambitious nuclear power expansion
plans as part of their clean energy goals, which will be
necessary to meet the 2DS targets.

Recommended actions

The realisation that swift action is needed to reduce
GHG emissions and air pollution from fossil-based
generation has highlighted again the potential of
nuclear power to help meet these challenges. This
awareness has yet to be translated into policy support
for long-term operation of the existing fleet to prevent
early closures of safe, reliable low-carbon base-load
power plants, and facilitate construction of new units.
Market incentives — in the form of carbon taxes or
electricity market arrangements, or both — are needed
to favour all low-carbon technologies.
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2.9 Installed gross nuclear capacity
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Natural gas-fired power

[ ) Improvement needed
~ Limited developments

Natural gas-fired power generation accounted for 21.7% of total global
power generation in 2013 (5 066 TWh), a year-on-year decrease of 0.4%.
The recent fall in coal prices relative to natural gas, the rising generation
from renewables, as well as falling electricity demand have curtailed the
growth in capacity and generation of natural gas-fired power.

Recent trends

Following an increase of 2.2%, global natural gas
demand reached around 3 500 billion cubic metres
(bcm) in 2013, while demand in 2014 showed a small
year-on-year decrease of 0.7%. In 2014, natural gas
demand in OECD countries decreased by 2.3% over the
previous year, while gas demand for power generation
decreased by 1.5%, mainly owing to slow electricity
demand growth and a continued and robust deployment
of renewables. In contrast, natural gas demand in non-
OECD economies increased by 0.8%, albeit less than
the 2% or higher increases of recent years. Apart from
the fall in coal prices relative to natural gas, policies
that favour coal use in many Asian countries have

been considered the main cause of falling gas demand.
Nonetheless, the main contributor to the rise in gas
demand in non-OECD economies was power generation,
for which gas consumption increased by 33 bcm (4.1%).
For example, Mexico’s power sector gas demand rose
to 41 bcm in 2013, up 34% on the previous year, and in
2014, natural gas plants made up 47% of Mexico’s total
power generation capacity.

In 2014, gas production in the OECD rose by 2.2%
year-on-year, which was mostly driven by the United
States (+5.9%) and Canada (+3.8%). In 2013, Canada
added 1.6 GW of gas-fired power generation capacity,
the highest among OECD countries, while in the United
States, the particularly cold winter of 2014 was believed
to have resulted in a gas demand rise of 18.4 bcm. The
contribution from the two countries offset a substantial
decrease in Europe (-7.5%). In Japan, gas-fired
generation replaced roughly two-thirds of lost nuclear
output from the Fukushima Daiichi accident, pushing its
liquefied natural gas (LNG) imports up by about 29.9%
between 2010 (the year before the accident) and 2014.

In China, natural gas prices have twice risen sharply
since its gas pricing reform in 2013. As a result of
the higher price, gas usage increased by less than 4%

in 2014, despite 10 GW of new gas-fired generation
capacity being added. However, the drop in oil prices
from the last quarter of 2014 brought an opportunity
to narrow the price gap between coal and gas, which
made gas an increasingly attractive option from an
environmental viewpoint. China is, however, scaling
back its recent ambitious targets for domestic shale
gas production. In 2013, it produced around 3 bcm of
coalbed methane, 0.2 bcm of shale gas and around
45 bem of tight gas.

In non-OECD economies outside China, 2013 saw
increased gas demand in the power sector registered
in Saudi Arabia (5.6 bcm) and Brazil (5.4 bcm). In India,
however, high costs of imported LNG and relatively
low electricity prices in 2014 saw the utilisation rate
of India's 22 GW of gas generation capacity barely rise
above 20%.

Tracking progress

An important medium-term role for natural gas in

the 2DS is to facilitate the transition to low-carbon
electricity generation. Given that the current growth rate
of natural gas-fired power generation is down 0.4%,
with its share in global power generation of 21.7%,
natural gas-fired power has not been matching the
strong growth in coal-fired generation.

Recommended actions

The competitiveness of natural gas relative to coal in
daily electricity system operation is highly dependent
on regional market conditions, in particular fuel prices.
The introduction of carbon taxes and regulation of plant
emissions could encourage coal-to-gas switching, while
other electricity market mechanisms are required that
recognise the potential benefits offered by natural
gas-fired power, e.g. as a lower-carbon alternative to
coal-fired generation and its operational flexibility to
support the integration of variable renewables.
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2.12 Natural gas spot prices Recent developments
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Coal-fired power

@ Not on track
~ Limited developments

In 2013, global gross electricity production increased to 23 322 TWh,
41% of which was generated from coal-fired power plants. While total
generation increased by 2.9%, the contribution from coal rose by 5%. In
2014, global coal consumption decreased from 7 991 million tonnes (Mt)
to 7 920 Mt, declining for the first time this century:.

Recent trends

In OECD countries, coal was responsible for 33% of
the electricity generated in 2013, compared with

49% in non-OECD economies. Total coal-fired power
generation in OECD countries continued to decline,
with an estimated 3 435 TWh in 2014, down 2.1%
from 3 508 TWh in 2013. This total was the lowest
value for coal-based electricity generation in the OECD
in the last decade. The decrease was driven mainly

by developments in OECD Europe, where coal-based
electricity generation fell by 68 TWh (-7.5%) in 2014
compared with 2013. The largest contributor to this
decline was the United Kingdom, with a decrease of
34 TWh, corresponding to a year-on-year drop of 25%.

The United States has encountered a 20% decline in
coal’s share of power generation since 2000, due largely
to weak electricity demand growth, low gas prices and
competition from other fuels. Generation from coal rose
by 69 TWh in 2013 and 3 TWh in 2014. On the other
hand, Japan's coal-fired power generation has followed a
stable growing trajectory, with its share increasing from
29.6% in 2012 to 32.4% in 2013, and to 33% in 2014.

In 2014, while China’s electricity generation continued

to increase, coal’s share fell from 74% to 70% — down
203 TWh to 3 908 TWh. This decline marked the first
decrease in coal-fired power generation in 40 years,
largely as a result of an increase in electricity demand

of just 3.8% in 2014, much lower than in the past.
Circumstances contributing to this historic event were the
combined effects of strong hydropower generation, new
hydropower capacity additions, and increased generation
from renewables and nuclear energy. China has set

new standards for its coal power generation fleet, with
programmes to continually improve performance and,
importantly, an initiative that requires 28% of coal-fired

generation to be combined heat and power (CHP) by 2020.

At the end of 2013, the capacity of coal-fired plants in
OECD countries was 537 GW, down more than 82 GW

compared with 2012. The United States made the
greatest contribution, having retired around 6.8 GW

in 2013, with a further 4 GW in 2014. In contrast, Japan
increased its coal-fired capacity, adding more than

1.6 GW in 2013. Overall, Chinese coal-fired power capacity
in 2013 increased by 35 GW to 792 GW, manifestly lower
than the capacity increases in 2011 (+59 GW) and 2012
(+48 GW). In India as well, to meet the rapidly growing
electricity demand, the installed capacity of coal-fired
power plants rose from 158 GW in 2014 to 173 GW in
2015 (CEA, 2015), almost tripling since 2000.

Tracking progress

The growth in global coal-fired generation between
2012 and 2013 was 455 TWh, with a capacity growth
of 46 GW over the same period. These numbers
suggest a slowdown from the growth rates of recent
years. To meet the 2050 2DS targets, however, global
emissions of CO, must plateau and then fall within the
next five to ten years. While China is on target to meet
this trajectory, coal-fired generation in India and the
emerging economies of South-East Asia is projected
to grow rapidly over the next decade or longer implying
increases in CO, emissions.

Recommended actions

In general, though particularly in the emerging
economies where coal-fired capacity is expanding, policy
measures are required to ensure that processes are in
place to assess the potential to deploy lower-carbon
generation options, that generation from the less-
efficient subcritical coal units is phased out and that
new coal-fired units have efficiencies consistent with
global best practice — currently supercritical or ultra-
supercritical technologies. Where feasible, new coal-fired
units should also be constructed carbon capture and
storage (CCS) ready. Then, when policy or economics
dictate, CCS should be deployed.
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Carbon capture and storage

@ Not on track
) Positive developments

In 2015, two new CCS projects began operating, including the Quest
project with saline aquifer CO, storage; however, no investment decisions
were taken on new projects. More investment from industry and support
from government are needed to bring projects into the development

pipeline to meet 2DS targets in 2025.

Recent trends

In 2015, two new large-scale CO, capture projects
began operating. The Quest project in Canada’s oil sands
captures up to 1 million tonnes of CO, (MtCO,) per year
from hydrogen production at the Scotford Oil Sands
Upgrader for storage at a depth of around 2 kilometres
in an onshore saline aquifer. The Uthmaniyah project in
the Eastern Province of Saudi Arabia will capture around
800 000 tonnes of CO, per year from the Hawiyah
natural gas liquids recovery plant to be injected for
enhanced oil recovery (EOR) at the Ghawar oil field.
These two projects bring the total number of operating
CO, capture projects globally to 15.

No positive investment decisions were taken on CCS
projects, nor did any advanced planning begin in 2015,
resulting in a fall in the total number of projects in the
development pipeline. A constant flow of projects through
development to operation is crucial to meeting the
targets under the 2DS and for maintaining and growing
the global technical capacity in CCS. Currently 17 projects
are in development, with 7 under construction and 10 in
advanced planning, down from a total of 24 in 2014.

A majority of CCS projects today supply or intend to
supply CO, for EOR. Of the 32 CO, capture projects
currently in advanced planning, construction or
operation, 21 projects are providing CO, for EOR," while
11 are storing or will store CO, in saline aquifers or
depleted oil and gas fields.

A strong market for CCS does not yet exist in most
regions globally. The implicit or explicit value of avoiding
emissions in most areas is not yet sufficient to make
CCS an attractive mitigation option in the absence of
other support mechanisms. As economies look for deeper
emissions cuts, CCS will become a more desirable
mitigation option. As with other low-carbon technologies,
the market for CCS projects in most regions will be
created by policy and regulation; however, recently, a
number of projects have been cancelled due to changes

in policy and reductions in government financial support
for CCS. One such notable change was the cancellation
of the 1 billion British pound CCS competition in the
United Kingdom in November 2015.

In a handful of regions, most notably in North America,
the demand for CO, for use in EOR is creating a market
for CO, capture. Over half of the CO, capture projects in
development or operation globally are in North America,
and all but one of these projects provides or intends to
provide CO, for EOR.

Tracking progress

CCS is not on a trajectory to meet the 2DS target of
540 MtCO, being stored per year in 2025. At the end

of 2015, the 15 large-scale operational projects have

a total potential capture rate of 28 MtCO, per year,

but only 7.5 million tonnes of the captured CO, is being
stored with appropriate monitoring and verification. CCS
needs to increase by an order of magnitude in the next
decade to be on track to meet the 2DS in 2025.

Recommended actions

Financial and policy support for CCS from governments
is necessary to encourage projects into the development
pipeline. At present, neither the cost of emitting CO,

nor the level of government support is yet sufficient to
make CCS an attractive emissions mitigation option in
most contexts. Investment is needed now for CCS to be
deployed in the next decade because projects typically
take five to ten years from conception to operation.

Investment in storage resource development will de-risk
projects and shorten the development time of projects.
Storage characterisation and assessment are often the
most time-consuming aspects of project development
and outside the skill base of CO, capture project
developers. Accessible developed storage resources will
lower the costs and technical barriers for many potential
CCS projects, particularly in industrial sectors.

1 CO, is retained and eventually stored through injection for EOR; however, additional monitoring and planning are needed to
ensure the CO, is effectively stored. Refer to Technology overview notes page 124 for more information.
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Industry

@ Improvement needed
~ Limited developments

Industrial energy consumption grew to 152 exajoules (EJ) in 2013, 35% of
the global total. Demand growth will put pressure on efforts to meet 2DS
targets. Growth in CO, emissions must be reduced to 0.7% per year through
2025, while growth in energy demand must be limited to 2.0% annually,
and innovative technologies quickly scaled up and deployed.

Recent trends

In 2013, energy consumption in industry? grew by

2.3%, with 62% of that growth occurring in China and
India, where industrial final energy use jumped by 3.6%.
Industrial energy use in OECD countries grew 3.3%,
while Africa’s growth was moderate at 1.2%, the Middle
East declined by 1.9% and Latin America declined by
0.1%. No major changes in sectoral distribution of
energy use occurred in 2013, with energy-intensive
sectors® accounting for 68% of the industry total.

Despite an expected slowdown in demand for
industrial products in China in coming years, non-OECD
economies, led by India, have potential for strong
demand growth. Some regions, such as China and
Europe, are addressing overcapacity in key industrial
sectors, particularly iron and steel and cement, to
improve economic competitiveness, presenting both
opportunities to improve efficiency and challenges for
implementation of new technologies.

Policy makers throughout the world are increasingly
considering cross-sectoral opportunities for energy
efficiency and emissions reduction. A pilot programme

in China encourages recycling, resource efficiency and
life-cycle approaches to reduce the overall impacts of
industrial products (SCC, 2013). The Perform Achieve and
Trade (PAT) programme in India will be broadened in the
second three-year cycle of the programme (Powermin,
2015). Public-private partnerships, such as SPIRE,
FPInnovations and European Technology Platforms,
incentivise the development of low-carbon industrial
technologies and address barriers to adoption (IEA, 2015d).

Tracking progress

Globally, CO, emissions must be limited to

9.7 gigatonnes (Gt) of CO, in 2025, peaking by 2020,
while industrial energy consumption growth must be
limited to 2.0% annually, on average, through 2025 in the
2DS. The reduction in CO, emissions can be achieved,
despite growth in energy consumption, through energy

efficiency, best available technologies, switching to
lower-carbon fuels, recycling and implementation of
innovative process technologies in the long term. CCS
will need to be introduced in industry as soon as 2020
and rapidly scaled up to capture 209 MtCO, by 2025.

Despite modest recent progress on technology
demonstration and supportive policy frameworks, CCS
in industry remains underdeveloped. In the context

of volatile energy prices, energy savings-related
investments will face challenges and require policy
stability to minimise short-term uncertainty.

Recommended actions

Policy makers should continue to use traditional policy
tools, such as fiscal benefits, energy performance
standards for equipment, and promotion of energy
management systems to support efficient technologies
and practices. The impacts could be boosted by auditing
installations and rewarding efficient performance.
Improving the technological detail of industrial energy
statistics would facilitate their implementation.

Industries should optimise use of locally available
energy and material resources, by maximising process
integration and efficiency, and by identifying nearby
compatible uses for industrial by-products, such as
excess heat. Governments should support these efforts
through stable, long-term, low-carbon strategies,
including tools such as legally binding emissions
targets, carbon pricing or the removal of energy
subsidies. Improving co-ordination between national
and regional policies is also important, for example, by
considering findings of heating and cooling mapping
exercises in energy infrastructure planning. Public-
private partnerships along product value chains should
be encouraged as tools to identify and prioritise
opportunities for energy and material efficiency. This
type of collaboration can also unlock investment in
research, development, demonstration and deployment
for low-carbon processes that will become increasingly
important in the long term.

2-3  Refer to Technology overview notes page 125 for notes associated with this section.
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Aluminium

@ Improvement needed
~ Limited developments

Incremental improvements in key processes have cut the energy intensity
of primary aluminium production by 5.3% since 2000 (IAI, 2015a),

but significant low-carbon technology developments will be needed to
counteract continued increases in production. Recycled aluminium offers
energy and emissions benefits, but is limited by scrap availability.

Recent trends

Primary aluminium production has grown significantly
in the past few decades, by 110% from 24 Mt in 2000
to 51 Mt in 2013 (USGS, 2015, 2004). Secondary
aluminium production, which requires up to 95% less
final energy than primary production (IAl, 2009) before
additional energy for scrap cleaning and alloy dilution is
considered, is estimated to have grown by 88% to nearly
23 Mt Primary aluminium smelting is an electrolytic
process, so electricity plays an important role. Fuels and
feedstock in anode production and refining of bauxite
into alumina are also required, and quality of bauxite
influences the energy intensity of alumina refining. In
recent years, energy intensities of aluminium smelting
and alumina refining have decreased, while maintaining
a share of secondary aluminium of over 30%,> even

as total production increased dramatically. From

2000 to 2013, average primary smelting electricity
intensity decreased by 5.3% and energy intensity of
alumina refining by 8.79%.° At the same time, aluminium
production growth contributed to an increase of 31% of
energy consumption in the non-ferrous metals sector.”
The trend towards diversified applications of aluminium
in buildings, transport and consumer goods is expected
to drive demand growth.

Global smelting energy intensity decreased by 0.5% in 2013.
Chinese producers have overtaken most primary smelters
to become the world's most efficient, at 13 740 kilowatt
hours per tonne of aluminium (kWh/t Al).8 China has

also improved dramatically in alumina refining, with
Bayer process intensity levels converging with other
Asian and African refiners. However, non-Bayer process
refining of low-quality feedstock is common in China,
and raises the overall intensity level.? Latin America
remains the least energy-intensive in alumina refining,
at 8.8 GJ/t alumina in 2013. Regional energy intensity of
secondary production is more difficult to track, because
data are not publicly available. However, the increase

in secondary production bodes well for aluminium
production energy intensity.

Tracking progress

Growth in final energy use of no more than 3.6% a

year on average to 2025 is required to meet the 2DS
trajectory, while total aluminium production is expected
to grow by 3.9% per year. Even greater reductions in
CO, emissions are needed in the long term. Inert anode
technology, if commercially demonstrated, could address
the issue of process CO, emissions, which make up 37%
of direct emissions in the aluminium sector, but will
require significant deployment efforts in the long term.'®

Co-ordinated efforts to deal with anode effects, non-

CO, GHGs and outdated technology have reduced the
sector’s environmental impact. Nonetheless, several
barriers remain to further improvement and to reaching
the 2DS pathway. This sector’s impact is highly correlated
with CO, intensity of electricity generation. Low-quality
bauxite, particularly in China, has given rise to alternatives
to the Bayer process, which can be up to three times as
energy-intensive (Rock, M. and M. Toman, 2015). The
scope for shifting production to secondary routes is
limited by scrap collection and availability. Most direct
emissions reductions are incremental, as producers

move towards point-feed prebake cells, decreased
anode-cathode distance and optimised cathode design.
Following a 2DS pathway requires more reliance on
low-carbon innovative processes in the long term.

Recommended actions

Aluminium sector stakeholders should collaborate with
the public sector to develop and demonstrate innovative
low-carbon technology options, such as inert anodes.
Industry should collaborate with policy makers along the
product value chain to push sectoral material and energy
efficiency,"" and consider life-cycle impacts and possible
energy demand and carbon emissions reductions in other
sectors (e.g. vehicle light-weighting). Major aluminium-
producing countries should ensure their capacity is highly
efficient, phasing out Sederberg smelters and using a
modified Bayer process for refining low-quality bauxite.

4-11

Refer to Technology overview notes page 125 for notes associated with this section.



Part 1 Chapter 2
Setting the Scene Tracking Clean Energy Progress

2 O/ 2.24 Electricity intensity of smelting
O 17

SHARE OF
SECONDARY
PRODUCTION
IN 2025 BUT
DEEPER CO, CUTS 1990 1995 2000 2005 2010 2013

Africa North America = Other Asia South America

ARE N EEDED12 Europe Oceania GCC == China Current BAT

2.25 Alumina refining and aluminium smelting energy intensities

20

22mt@  s42me

[
w

(GJ/t alumina)

>
5=
3
c
I3
I
=
>
oo
X
4
c
7
Qo
=
c
€=
[
e
©
=
€
=]
<

5
13.0 13.5 14.0 14.5 15.0 b 16.0
Aluminium smelting electricity intensity (MWh/t Al)
Africa North America @ Other Asia South America Europe Oceania ® cChina
Bubble size refers to primary aluminium production in millions of tonnes.

2.26 Primary aluminium production and average electricity CO, intensity
80 1400 8 1400

o

Mt aluminium

(0] (0]
2013 2DS | 2013 2DS 2013 2DS | 2013 2DS | 2013 2DS | 2013 2DS (2013 2DS | 2013 2DS
2025 2025 2025 2025 2025 2025 2025

World China Middle East VESE] Canada India Brazil

Primary aluminium production © Regional average electricity CO, intensity

For sources and notes see page 125

O OECD/IEA, 2016.



http://www.iea.org/etp/etp2016/secure/tracking

Part 1
Setting the Scene

102

Chapter 2
Tracking Clean Energy Progress

Transport

@ Improvement needed
~ Limited developments

Transport sector GHG emissions account for 23% of global energy-related
GHG emissions, and have grown at a rate of 1.9% per year over the last
decade. Continued dependence on oil means that nearly all growth in
transport energy use translates directly into higher GHG emissions.
Decisive near-term actions are required to bring transport emissions

onto a trajectory consistent with 2DS.

Recent trends

Transport is the least diversified energy demand
sector. The portfolio of energy supply sources has not
noticeably changed in more than three decades. Prior to
the 1973 oil crisis, 94% of transport total final energy
consumption (TFC) came from petroleum products. In
2015, more than 93% of TFC was still sourced from
petroleum-based fuels. Biofuels and natural gas have
made some inroads; biofuels now provide 2.5% of TFC
in transport, and natural gas provides 2.8%. In certain
markets that provide a strong and consistent portfolio
of fiscal and regulatory policies, electric vehicles are
beginning to offer a viable alternative to conventional
internal combustion engine (ICE) road vehicles.

Most of the growth in transport energy over the past

15 years is attributable to non-OECD economies,
accounting for 86% of the global increase in passenger
activity, 73% of the growth in freight activity, 91% of the
increase in energy use, and 94% of the increase in GHG
emissions. Rising standards of living over the coming

15 years across the developing world are likely to spur

growing demand for mobility services and freight movement.

Between 2000 and 2015, despite sizeable increases

in global activity — passenger activity (in passenger-
kilometres) grew by 87%, and freight activity (in tonne-
kilometres) grew by 68% - energy use and emissions
increased by only about 38% (2.15% per year). The
difference between activity growth on the one hand and
energy use and emissions on the other is explained by
technological and operational improvements in vehicle
efficiency and by modal shifts.

Disparate levels of access to modern mobility are
reflected by the wide regional discrepancies in transport
energy use per capita (which vary across regions by more
than an order of magnitude) and in aggregate. Greater
energy use is not necessarily coupled with superior
mobility, because it can also indicate inefficiencies in
providing adequate access to mobility and goods.

Tracking progress

Transport energy demand has increased at an annual
rate of just under 2.0% over the last decade. The fact
that emissions increased more slowly than they did in
the first decade of this century, when they grew at an
annual rate of 2.15%, can be attributed primarily to
efficiency improvements, above all in the passenger
light-duty vehicle (PLDV) fleet, which further shows that
transport emissions can be brought under control.

To meet 2DS targets, energy demand must stabilise,
and GHG emissions need to peak and begin to decline
within the coming decade. Negligible progress has
been made in weaning transport off its dependence
on oil. Moreover, gains in PLDV efficiency have been
undermined to some extent by a growing gap between
tested and real-world fuel economy.

Recommended actions

Transport policies must raise the costs of owning and
operating the highest GHG emissions-intensity modes,
especially in the current context of low oil prices. Fuel
subsidies must be phased out and alternative fuel taxes
based on well-to-wheel'* GHG emissions established
in their stead. Vehicle taxes must also be levied. Ideally,
these taxes should be tiered according to vehicle
energy- or emissions-intensity performance (i.e. as
“feebates”). Feebates can be revenue-neutral, but are
more effective in curbing transport energy demand if
they are applied so as to increase net governmental
revenues, which can then go to other transport
efficiency investments (e.g. low-carbon fuel research,
development and demonstration [RD&D], public
transport). Fiscal policies must be supplemented by
other national and local measures. Regions that do not
currently enforce fuel economy and tailpipe emissions
regulations of light-duty vehicles and freight trucks
should set up such frameworks.

13 Refer to Technology overview notes page 127 for notes associated with this section.
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2.27 Developments in passenger and freight transport
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Electric vehicles

On track
) Positive developments

The threshold of 1 million electric cars'* on the road was crossed in 2015.
Annual electric car sales grew by 70% over 2014, catching up to rates
needed to meet the 2DS target. Nevertheless, even in a context of rapidly
decreasing battery costs, ramping up from 1.15 million electric cars today
to 20 million by 2020 remains a very ambitious challenge that will not be
met without sustained government support.

Recent trends

With a growing selection of models on the market,

477 000 electric passenger cars were sold in 2015, of
which 51% were BEVs. The main markets were China —
which became the world’s largest electric car market in
2015 - the United States, the Netherlands and Norway.
Together, these countries accounted for 70% of electric
cars sold worldwide. Electric cars are gaining a foothold

in a growing number of national markets; the number of
countries with a market share of electric cars greater than
1% has grown from three in 2014 to six in 2015.

The provision of public charging infrastructure continued
to accelerate, with the number of alternating current
(AC) “slow” chargers growing from 94 000 in 2014

to 148 000 by the end of 2015. Installation of direct
current (DC) “fast” chargers grew fastest — 4.5 times

in China alone — and with a global network estimated
at 57 000 chargers by the end of 2015. The build-out
of fast chargers, many of which are publicly accessible,
in parallel with steady progress towards extending the
driving range of electric vehicles (EVs) may narrow the
gap between EVs and conventional ICE performance,
fostering broader EV adoption.

Electric 2-wheelers far outnumber electric cars, with more
than 200 million units operating in China alone. Electric
buses, which can make major contributions to reducing
pollution in urban areas, have been widely deployed in
China, growing from 29 500 vehicles in 2014 to more
than 170 000 in 2015. For other vehicle types (e.g. light
commercial vehicles, freight trucks and other specialised
operations) data are scarce; sales have yet to take

off as they have in electric passenger vehicles. A few
initiatives may, however, indicate an emerging niche for
electrification. Manufacturer BYD is expanding its focus
beyond electric cars and buses to construction vehicles,
seaport and airport operations vehicles, and other
specialised niche markets (Hanley, S., 2015). La Poste, the
national mail carrier in France, has electrified its delivery

fleet with 5 000 fully electric Renault Kangoos and plans
to double its electric fleet by 2020 (Renault, 2015). In a
city such as Paris, where buses and trucks are responsible
for more than half of the mono-nitrogen oxide emissions
from transport (Airparif, 2012), electrifying urban bus

and truck fleets can deliver cost-effective GHG and local
pollutant reductions.

Tracking progress

Electric car sales grew by 70% in 2015, a positive
development after a slowdown in annual sales growth
(539%) in 2014. Remaining on track with the 2DS will
require sustained annual average sales growth (from
66% through 2020 to 39% through 2025). This ambitious
near-term objective seems achievable with sustained
policy and funding support for technology improvements,
consumer purchase and use incentives, and infrastructure
deployment.

Recommended actions

Continued support for RD&D is needed to hasten the
milestone year when purchase costs of cars with all-
electric ranges capable of meeting most driving needs
reach parity with ICE cars. In addition to funding basic
and applied technical research, governments must also
prioritise comparative policy analysis and market research
focusing on consumer preferences to enable electric cars
to bridge the proverbial chasm to the mainstream market.

Public policy can also play a powerful role in aligning
private and social costs of vehicles. Differentiated
vehicle taxation, based on environmental performance,
can be used to bring purchase prices faced by car
consumers closer to parity with ICE vehicles, and can

be designed to be revenue-neutral (or even as net
revenue sources), hence increasing their fiscal durability.
The vehicle taxation structure played a key role in the
successful EV deployment that is taking place in Norway
and the Netherlands.

14 Including plug-in hybrid (PHEVs) and battery electric (BEVs) cars.
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Aviation

@ Improvement needed
~ Limited developments

With a historical annual increase in passenger-kilometres of 5.3% since
2000, aviation is the transport mode projected to grow the most in the
coming years, especially in non-OECD economies. In 2013, global aviation
energy demand reached 11.1 EJ.*® Associated CO, emissions due to fuel
combustion accounted for 2.6% of the global total in the same year.

Recent trends

Aviation is the transport mode that experienced the
greatest activity increase in the past decade, having
reached total transport activity of 5.8 trillion passenger-
kilometers in 2013." OECD countries accounted for
59% of the total revenue passenger-kilometres in 2013
(down from 70% in 2005). Shares of energy demand and
CO, emissions in both OECD countries and non-OECD
economies closely track passenger-kilometre shares.

China, the Association of Southeast Asian Nations
(ASEAN), and the Middle East experienced the largest
increases in passenger-kilometres since 2000. Growth in
the Middle East was augmented by increasing reliance
on its large-capacity airports as connection points
between the eastern and western hemispheres. China

is expected to improve its aviation infrastructure by
constructing 100 new airports by 2020 (JADC, 2014) to
support growing domestic and international demand.

|EA data on energy consumption and International Civil
Aviation Organization (ICAO) passenger-kilometre data
show that the historical energy intensity, expressed in
energy units per passenger-kilometre, declined by an
average 3.9% per year, globally, from 2000 to 2013
(ICAQ, 2013; IEA, 2015g). This exceeds the goal set in
2008 by the Air Transport Action Group (ATAG),'” which
committed to improve the fleet fuel efficiency by 1.5%
per year through 2020 (UN, 2014). This also exceeds the
goal set by ICAO in 2010 (reaffirmed in 2013) to improve
fuel efficiency by 2% per year through 2020 (UN, 2014).

The average energy efficiency per passenger-kilometre
of new aircraft improved more rapidly in the 1980s and
thereafter continued to improve, though at a slower rate,
after 1990. This seems to indicate that meeting fuel
efficiency goals for 2020 will likely become more difficult
over time (Kharina and Rutherford, 2015). Slackening
efficiency improvements for new aircraft deliveries call
for an increased focus on deploying technology that
leads to fuel savings (e.g. lower empty weights per unit

of pressurised floor area). Encouraging signs come from
the recent work of airplane manufactures on efficient
aircraft, such as the upcoming Airbus 320neo and

the Boeing 737MAX (Kharina and Rutherford, 2015).
Other positive developments include increasing load
factors, partially achieved through technical advances
accommodating higher seat density (Airbus, 2014) and
through air traffic improvements (Boeing, 2014).

Aircraft manufacturers have begun demonstrating the
feasibility of using biofuels for aviation and supporting
biofuel development activities; one example of this trend
is Boeing (2015). Industry initiatives, such as the European
Biofuel FlightPath Initiative, aims to produce 2 Mt of
aviation fuel from renewable sources per year by 2020.

Tracking progress

While recent annual average fuel efficiency
improvements of 3.9% have exceeded aviation industry
targets, meeting the aspirational global fuel efficiency
improvement beyond 2020 of 2% per year to 2050
(ICAO, 2013) will become increasingly challenging,
suggesting a serious risk of not meeting 2DS targets.

Recommended actions

IEA analysis suggests that CO, taxes or other market-
based policies will be needed to promote fuel efficiency
improvements exceeding the 2% annual improvement
set by the ICAO goal until 2050. The introduction of CO,
taxes on aviation fuels and mobilisation of investments
for the development of high-speed rail networks would
contain activity growth. By incentivising aviation
companies to reduce expenditures on fuel, carbon taxes
also monetise energy efficiency improvements. Even
accounting for significant shifts to high-speed rail and
accelerated efficiency improvements, a 55% biofuel
share in 2050 is necessary to achieve the carbon-
neutral growth and the ATAG CO, emissions reduction
targets.

15-17 Refer to Technology overview notes page 127 for notes associated with this section.
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2.32 Energy intensity in aviation
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Biofuels

@ Not on track
A Positive developments

Despite a low oil price environment, global biofuels production increased to
around 134 billion litres (L) (3.2 EJ) in 2015. However, while conventional
biofuels are on course to meet 2DS targets for 2025, significantly
accelerated commercialisation of advanced biofuels is necessary to fully
achieve 2DS requirements for decarbonisation of the transport sector.

Recent trends

In 2015, conventional biofuels provided around 4% of
world road transport fuel. Double-digit global production
growth observed pre-2010 has slowed to a modest 2%
due to a combination of structural challenges and policy
uncertainty in key markets. The increasing efficiency of
the vehicle fleet in the United States, compounded by

a low market penetration of flexible-fuel vehicles and
absence of widespread fuel distribution infrastructure
for high biofuel blends, has dampened growth. Brazilian
ethanol consumption increased strongly in 2015, but the
fragile economic state of the sugar cane industry means
investment in ethanol production capacity is well below
previous levels. Conversely, production is expanding to
new areas, with promising new markets developing in
the non-OECD Asia and non-OECD Americas regions.

Biofuels mandates, strengthened recently in several

key markets, including Brazil and Indonesia, have
effectively shielded biofuels demand from a low-oil-price
environment that reduced prices for gasoline and diesel.
These lower prices provided a window for countries such
as India and Indonesia to remove fossil fuel subsidies.

After a prolonged assessment of land-use change
sustainability considerations, the European Commission
introduced a 7 percentage point (pp) cap on the
contribution of conventional biofuels towards the
European Union 2020 target of 10% renewable energy
in transport. This revision, which also incorporates a

0.5 pp non-binding advanced biofuels sub-target, creates
an opportunity for advanced biofuels to provide a larger
contribution to meeting the remainder of the target.

A notable scale-up in the advanced biofuels sector has
occurred, with seven new commercial-scale advanced
biofuel plants using biomass wastes and agricultural
residue feedstocks commissioned over 2014-15,
bringing the total number of facilities to ten. The ability
of these plants to demonstrate the economic and
technical feasibility of commercial-scale production will
shape future deployment prospects.

Tracking progress

Global production of conventional biofuels is on track to
meet 2DS requirements. The visible advanced biofuels
project pipeline could deliver production of around

2.8 billion L (0.06 EJ) in 2020 from a current low base.
However, this production level would remain 14.7 billion L
(0.4 E)) short of 2020 2DS needs, and leaves a twentyfold
scale-up in production volumes necessary between 2020
and 2025 to achieve the required 56.8 billion L (1.5 E))
contribution of advanced biofuels to the 2DS in 2025.

Recommended actions

Stable and long-term policy frameworks can facilitate
expansion of the advanced biofuels sector and enable
investment and production cost reduction potential,
providing a more favourable investment climate. National
transport sector targets for emissions reduction, shares
of renewable energy or, as in Sweden, phasing out fossil
fuels provide a framework for biofuels markets to prosper.
These targets can also include sub-targets for the harder-
to-decarbonise road freight, marine and aviation sectors.
Alternatively, legislation to stipulate defined reductions

in the life-cycle carbon intensity of transportation fuels
(e.g. as established in California) should ensure demand
for biofuels with the highest emissions reduction potential.

Widespread advanced biofuels mandates will also be
essential to accelerating uptake. These mandates can
be complemented by the provision of financial de-risking
measures to support expansion while initial investment
costs remain high, tax incentives and financial
mechanisms to support advanced biofuel technological
innovation and commercialisation.

The expansion of the biofuels market must respect
environmental, social and economic sustainability
considerations via industry benchmarking against
recognised sustainability indicators, such as those
developed by the Clobal Bioenergy Partnership, and strong
governance frameworks — for example those in place for
the European Union sustainability criteria for biofuels.

18 Annual growth rate 2014-15 from IEA analysis. Refer to Technology overview notes page 128 for more information.
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Buildings

@ Not on track
) Positive developments

Buildings sector energy intensity per square metre has improved in many
regions, but not fast enough to offset the doubling of global floor area since
1990. Large energy efficiency potential remains untapped, and assertive
action is needed now to speed up intensity improvements by at least 50%
and avoid the lock-in of inefficient, long-lived investments to 2050.

Recent trends

The global buildings sector consumed more than 120 EJ
in 2013, or over 30% of total final energy consumption.
Direct coal consumption in buildings decreased
significantly since 1990, while oil use remained flat. At
the same time, natural gas use in buildings grew by
40%, meaning that total fossil fuel consumption grew
by roughly 8%. Building electricity consumption has
more than doubled since 1990, and buildings accounted
for half of global electricity demand in 2013. When
upstream power generation is taken into account, the
buildings sector represents almost one-third of global
CO, emissions.

A concerted global effort towards energy efficiency in
buildings is crucial to offset building energy demand
growth while still providing comfort and improved
quality of life. The energy efficiency potential in the
buildings sector is substantial: globally, the deployment
of best available technology and energy efficiency
policies could yield annual energy savings in buildings of
more than 50 EJ by 2050 - equivalent to the combined
energy use of buildings in China, France, Germany, the
Russian Federation (hereafter “Russia’), the United
Kingdom and the United States in 2012.

Global building energy performance (as measured by
final energy consumption per floor area) improved by
1.5% per year over the last two and a half decades

as the result of the development and enforcement of
building energy codes and energy efficiency policies in
many countries. Yet progress has not been fast enough
to offset growth in building floor area and ownership
of energy-consuming equipment. To date, very few
countries have decoupled building energy consumption
from population growth, and energy consumption per
capita is still growing in most regions (IEA-IPEEC, 2015).

Noteworthy in 2015 was the announcement at COP21
in Paris of a new Global Building Alliance for Buildings
and Construction on how to transform the buildings
sector in support of a low-carbon economy. The

Global Environment Facility, World Resources Institute
and United Nations Environment Programme also
announced the Buildings Efficiency Accelerator (BEA),
with new funding to catalyse increased uptake of energy
efficiency in buildings in developing countries.

Tracking progress

Current investment in building energy efficiency is not
on track to achieve the 2DS targets, or below 2°C as set
out by COP21. While an increasing number of countries
have implemented or improved energy efficiency
policies related to building construction and equipment,
progress has not offset increasing demand for thermal
comfort and ownership of energy-consuming products.
The adoption and implementation of energy efficiency
need to be accelerated rapidly, especially in emerging
economies, such as China and India, where a window

of opportunity still exists to address future building
energy demand and prevent the lock-in of inefficient,
long-lived building investments. In developed countries,
acceleration of deep energy renovations of existing
buildings and installation of high-efficiency building
products are critical to reaching 2DS targets (or below).
Globally, building energy performance needs to improve
from a rate of 1.5% per year from the past decade to at
least 2.5% per year over the next decade to 2025.

Recommended actions

Governments need to develop and improve building
energy codes and performance criteria for both new and
existing buildings. Educational programmes, capacity
building and improved building energy data resolution
should be used to help inform and improve policy
design, adoption and enforcement. Effective policies and
financial incentives are needed to leverage aggressive
energy efficiency action in buildings to establish market
demand. These efforts are crucial in the short term
because 2DS objectives will be more difficult to achieve
if energy efficiency action is not taken in the coming
decade given the long life of many building investments.
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Building envelopes and equipment

@ Not on track
) Positive developments

Continued adoption and enforcement of building energy codes and energy-
efficient equipment have improved heating and cooling intensities since
1990. Yet investments have not kept pace with buildings sector growth
and demand for greater comfort, especially in emerging economies. Deep
energy renovations of existing buildings are not happening fast enough to

meet 2DS targets.

Recent trends

Heating and cooling needs in buildings, including water
heating, account for an estimated 55% of global building
energy loads. Space heating continues to be the largest
end use, accounting for roughly 35% of global building
energy use in 2013, while space cooling is the fastest-
growing end use, having increased by more than 4% per
year since 1990. Progress has been made on improving
the performance of equipment and building envelopes,
which have the most influence over heating and cooling
needs. However, energy intensity improvements (roughly
2% per year globally) have not been fast enough to
offset growth in total building floor area (roughly 3% per
year) and demand for greater comfort.

Advancement of deep energy renovations in the world's
existing building stock is slow. Globally, improvements are
far from the 2% to 3% annual deep energy renovation
rates needed to meet 2DS targets. Some notable
progress has been made in countries with strong building
retrofit incentives, such as Germany and France, where
15 billion to 20 billion United States dollars have been
spent in recent years on building energy efficiency,
including renovating existing buildings (Robert, A,

2015; KfW, 2015). Typical building energy efficiency
improvements in the 10% to 20% range are insufficient,
locking in investments below the cost-effective potential.

Progress in new buildings through developing and
improving enforceable mandatory building energy
codes is slow, especially in rapidly emerging economies
where efficiency improvements are not keeping pace
with buildings sector growth. Notable progress includes
recent state-level adoption of improved building codes
in India, with 23 of the 36 Indian states and territories
either having adopted or currently in the process of
adopting the Energy Conservation Building Code. By
contrast, a large number of countries still have voluntary
or no building energy codes, while many markets still
have weak enforcement infrastructure, limiting the
effectiveness of mandatory codes.

Continued adoption of efficient space heating, cooling
and water heating equipment is promising, with many
countries having enacted mandatory or minimum energy
performance standards (MEPS). However, equipment
standards and average product efficiencies are still far
below best available technology in many markets. A
stronger push is needed to ensure the installation of
high-efficiency equipment and to minimise the difference
between MEPS and best-in-class equipment efficiency.

Tracking progress

Despite some progress on deep energy renovations in
existing buildings, the current rate is not on track to
achieve the recommended 2% to 3% annual building
renovation level. Industry- and government-funded
research and development (R&D) programmes have
continued to enable demonstration and deployment of
advanced building envelope and equipment technologies.
These efforts have included advancements in super-
insulating materials, improved air-sealing technologies
and advancing cold-climate heat pump technology.
However, the slow process for regional harmonisation
and improvement of minimum energy efficiency
standards continues to provide a very weak investment
signal that could otherwise enable significant energy
efficiency gains with minimal incremental costs beyond
existing building construction investments.

Recommended actions

Governments and industry should continue to fund R&D
for energy-efficient technologies, including supporting
international research through the IEA Technology
Collaboration Programmes. Governments should also
improve specifications for energy-efficient equipment
and address existing building energy use by increasing
funding for deep energy retrofit programmes, and
accelerate deep retrofit activity in public buildings to
demonstrate the potential and economic value of these
retrofits.
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Appliances and lighting

@ Improvement needed
) Positive developments

Proven achievements in energy efficiency standards and labelling (EESL)
programmes should encourage their expansion across more countries and
in a broadened range of product categories. Continued effort is needed to
ensure that EESL programmes evolve with technology development to
secure deployment of high-efficiency lighting, appliances and motors.

Recent trends

Global total final energy consumption for appliances,
lighting and other equipment'® continues to grow,
although EESL programmes are helping to curtail energy
demand growth. Evidence assembled in 2015 from a
wide cross-section of countries with EESL programmes
found that energy efficiency improvements in major
appliances were around 3% to 4% per annum over a
long period, compared with 0.5% to 1% per year for

the underlying rate of technology improvement (4E TCP,
2015a). The most mature national EESL programmes
are estimated to have saved as much as 25% energy
consumption, depending on the country and the product.

Noteworthy in 2015 were requirements for transformers
and water heaters that entered into force in the
European Union and the United States (effective early
2016). Member states of ASEAN committed to regional
harmonisation of lighting standards and policy — a
decision expected to result in annual savings of 35 TWh
of electricity (UNEP, 2015). The Clean Energy Ministerial
Global Lighting Challenge also announced a race to
reach global sales of 10 billion high-efficiency, high-quality
and affordable lighting products as quickly as possible.

Growth in uptake and use of appliances, lighting and
equipment continues to outpace the rate of energy
efficiency improvements. This trend is especially true for
televisions — whose ownership and average product size
(e.g. average screen size) have reduced energy efficiency
improvements — and other various plug loads (e.g. small
appliances and electronics) that have continued

rapid growth, often with no efficiency regulation.
Despite policies designed to encourage more efficient
appliances and equipment, technology choice has also
meant missed opportunities for greater energy savings,
as evidenced by the adoption of halogen lamps rather
than compact fluorescent lamps (CFLs) or light-emitting
diodes (LEDs) in the European Union. In other markets,
such as the United States, adoption of LED lighting
technology has increased rapidly in recent years.

“Smart” appliances and networked devices continue to
grow in market share and have the potential to improve
the way we manage energy, but they may also result in
increased energy consumption if not managed properly,
as shown in recent testing of smart lamps by the IEA
Technology Collaboration Programme on Energy Efficient
End-Use Equipment (4E TCP). Networked devices
consume over 600 TWh globally (IEA, 2014), and this
end use is growing rapidly. Policy responses to date have
been varied for smart appliances and networked devices.
One promising movement is the Connected Devices
Alliance, comprising governments and industry formed
under a G20 initiative in 2015, which aims to develop
international approaches to maximise network-enabled
energy savings and minimise the energy consumption
from all networks and networked devices.

Tracking progress

More than 80 countries have adopted some level

of EESL for more than 50 types of appliances and
equipment (4E TCP, 2015a), and more countries are
either implementing or considering EESL programmes.
Coverage of appliances and equipment continues to
expand, although significant work is needed to address
energy efficiency and product labelling for networked
devices and other plug loads (e.g. portable electronics
and small appliances). Electricity consumption growth
needs to be halved, from the current 3% increase per
year over the last decade to 1.5% in the 2DS.

Recommended actions

EESL programmes need regular review to ensure

that efficiency requirements keep up with changes in
technology and remain in line with policy objectives.
Countries should focus on progressively increasing the
stringency of EESL standards to promote continued
uptake of high-efficiency technologies. This need for
increased stringency includes monitoring of compliance
and enforcement and expansion of existing EESL
programmes to cover a broader range of products.

19 Other equipment includes pumps, motors, office equipment and other buildings-related electrical devices.
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2.44 EU residential lighting sales and typical efficiencies
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Solar heating

@ Not on track
~ Limited developments

Solar heat grew by an estimated 7% in 2014, but it still met less than

1% of global heat demand and needs to triple in absolute terms by 2025 to
meet 2DS goals. Recent growth, however, has been significantly slower, and
if challenging economics and inadequate support continue, solar heating

will not be on track.

Recent trends

Despite an estimated 10% (35 gigawatt thermal [GW,,])
increase in cumulative capacity, annual deployment
declined in 2014, almost by 20% compared to 2013,
mostly due to slower economic growth and lower fossil
fuel prices in major markets.?° Global installed capacity
reached an estimated 400 GW,, in 2014, although
uncertainty exists over the exact figure due to data quality
issues. Monitoring solar heat deployment is a challenge in
many countries, because the small and fragmented nature
of distributed technologies makes them difficult to track.

Annual deployment in China, the world’s largest market,
is estimated to have declined in 2014 for the first

time in recent years due to a slowing economy and a
weakening construction industry. With over 90% of the
cumulative capacity in the residential sector, deployment
has been slowing, and sustained solar heating growth

in China will require faster uptake of larger systems for
commercial and industrial applications.

Europe remained the second-largest solar thermal
market in terms of cumulative capacity, but annual
growth has also slowed recently as a result of the
economic slowdown and inadequate policy support amid
lower fossil fuel prices. To stimulate deployment, the
French government reinvigorated its tax relief scheme

in late 2014, and Germany reintroduced subsidies in
April 2015. By contrast, growth continued in Turkey as it
became the second-largest annual market in 2014, due
to favourable resources and attractive economics for hot
water systems. Elsewhere, other positive developments
were seen in South America, the Middle East and
southern Africa, where load shedding has driven the
switch from electricity to solar thermal for water heating.

Over 95% of solar thermal heat is produced in

the buildings sector, mostly from domestic hot

water systems in single-family homes. By contrast,
deployment for industrial process heat has been
limited and concentrated mostly in lower-temperature
applications. However, the increase in average system
size by over 70% since 2007 reflects a growing market

trend towards larger systems, where more favourable
economics may be possible with higher and more
constant heat demand. Chile commissioned the world’s
largest solar process heat plant (27 megawatts thermal
[MW,]) for copper mining in 2013, and Oman has
announced plans to construct a T GW,, plant to produce
steam for enhanced oil recovery operations. Solar
thermal heat plays a marginal role in global district
heat networks (less than 0.1%), except in Denmark
where the largest solar thermal district heating plant
(50 MW,,) was completed in 2015, and an even larger
one (100 MW, is currently under construction.

Tracking progress

Despite robust growth over the last decade, solar
thermal heat produced less than 1% of global heat
demand in 2014 (around 1.2 EJ)) and would have to
more than triple in absolute terms by 2025 to meet

the 2DS target. Achieving that goal, however, would
require an annual deployment rate twice as fast

as expected over the medium term, where annual
additions are seen levelling off around 40 GW,, due to
continued policy uncertainty and challenging economics.
Without stronger and more widespread policy support,
particularly for larger market segments, deployment
trends will remain unchanged, and the 2DS 2025 target
will not be reached.

Recommended actions

Governments should aim to create a stable, long-term
policy framework for solar heating (including target
setting and obligations), preferably in the context of
an overarching strategy for renewable heat. Increased
policy support is needed to scale-up investment across
all solar heating market segments, particularly through
mechanisms that increase their economic attractiveness
against conventional heating technologies. Policy
makers should ensure that financial incentives are
adequate and consistent over a predictable period of
time as well as promote innovative business models
aimed at reducing high upfront costs.

20 Refer to Technology overview notes page 129 for notes associated with this section.
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Co-generation and DHC

@ Improvement needed
~ Limited developments

Electricity generation using co-generation?! technologies is stalled at less
than 10%, despite increases in absolute terms. Efficient and integrated
district heating and cooling (DHC) systems are promising, but significant
progress is needed to capture this potential beyond select examples.

Recent trends

Global electricity and heat production® using
co-generation technologies have increased on average
by 1.2% per year since 2000, but not as fast as total
electricity and commercial heat generation, which have
grown at roughly 1.6% per year. Co-generation in global
electricity production, therefore, decreased from 11%
in 2000 to 9% in 2013, despite having a global average
efficiency of 59% in 2013, compared with 37% for
conventional thermal power generation.

District heat sales have grown steadily by roughly 1.2%
per year since 2000, although district heat as a portion
of buildings sector heat demand has remained relatively
steady, increasing by only 0.3% per year since 2000.
China is the world’s largest network, and more than 90%
of residents in north urban China are connected to district
heat (IEA-TU, 2015). Performance of district heat varies
by region, but globally the CO, intensity of district heat
has improved only slightly since 2000. Coal and natural
gas remain the dominant fuel choice for district heat
production, although some countries have drastically
reduced fossil fuel shares in district heat since 2000.

Globally district cooling networks continue to grow, with
some countries, such as Sweden, increasing network length
by as much as fourfold between 2000 and 2013 (Swedish
District Heating Association, 2015). Data on progress are
limited, as are overall data for improved understanding of
CHP technologies and DHC network efficiency.

Notable progress in 2015 includes European Union
efforts to assess multilevel actions for enhanced
heating and cooling opportunities under the STRATEGO
project.?> China announced plans to assess industrial
excess heat recovery potential for district heat in

150 cities (NDRC, 2015).

Tracking progress

Greater deployment of efficient and cost-effective
co-generation and DHC could help to improve the

emissions intensity of global electricity and heat
production. Shifts away from conventional, inefficient
power generation are critical to achieving 2DS targets,
and CHP with modern, efficient DHC systems can help
reduce primary energy demand and improve overall
system efficiency. Advanced, integrated DHC systems
can also facilitate a more flexible, integrated energy
system, taking advantage of multiple potential low-
carbon energy sources, such as variable renewables and
industrial excess heat.

Recommended actions

Data and improved resolution of co-generation and
DHC technologies across the world’s power generation,
industrial and buildings sectors are critical to increase
understanding of co-generation and DHC opportunities,
which are typically a highly localised decision. Mapping
of heating and cooling opportunities across the

energy economy can also help to identify potential
synergies and technology choices in electricity and heat
generation.

Strategic planning of local, regional and national
action should be pursued to identify cost-effective
opportunities to develop co-generation and DHC
networks in a more efficient, integrated energy system.
Policy makers should remove market and policy barriers
that prevent co-generation and DHC from competing
as efficient and low-carbon solutions. Additional work
is needed to address high upfront investment costs,
inflexible business structures and lack of long-term
visibility on policy and regulatory frameworks that limit
co-generation and DHC.

Further research is needed to improve understanding

of the opportunities for co-generation and DHC under
an increasingly dynamic, integrated energy system

with various actors and energy sources. Improved
understanding and enhanced strategies moving forward
will help prevent lock-in of costly, long-lived decisions in
electricity and heat generation in support of an efficient,
low-carbon energy economy.

21-23
for notes associated with this section.

Co-generation refers to the combined production of heat and power. Refer to Technology overview notes page 130
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2.50 District heat sales and share of population served
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Smart grids

o Improvement needed
~ Limited developments

Deployment of smart grid technologies has grown marginally compared to
2014 as smart meters reached saturation in many markets and investment
in physical network assets waned. Information and operational technology
(IT/OT) solutions are growth areas, increasing energy efficiency, power
quality and network hosting capacity for clean energy.

Recent trends

The past year saw slowdowns in deployment of smart
meters as some markets reached saturation, investment
fell in distribution automation and other key new grid
technologies, and uncertainties grew over the financial
viability of incumbent utilities. As a result, annual growth
in smart grid investment accelerated only marginally
(BNEF, 2016). The widespread deployment of distributed
generation is changing the load profiles typically seen

by distribution network operators - putting pressure to
invest in grid upgrades - and demand response enabled
through advanced metering infrastructure (AMI) is gaining
traction. However, regulatory frameworks do not always
favour investment in innovative smart grid technologies.

Building on the first wave of AMI, utilities are looking for
ways to implement business models based on ‘big data’
from highly distributed generation and load monitoring,
increase the participation of energy consumers in
electricity markets and enable demand side flexibility.
Digital energy (IT/OT?* solutions to improve operational
capabilities of energy and network utilities) led

growth in investment among all smart grid technology
categories for network operators. The market for IT/OT
solutions grew by 65% year-on-year (as anticipated in
TCEP 2015 [IEA, 2015k]) and is forecast to grow sixfold
by 2023 (Navigant, 2014).

On the plant side, smart inverters for PV plants, wind
farm automation, and control systems for wind- and
PV-integrated energy storage, which reduce the impact
of variable renewables (VRE) on distribution grids,

are increasingly mandated through network codes.
Distribution network operators in areas with high
penetration of distributed and variable generation,
including Germany, Italy and Hawaii (United States), are
using smart grid technologies to monitor and control
loads and generation. Among other benefits, these
investments greatly reduce grid investment needs, or
dramatically shorten permitting times for connecting
distributed generation from weeks to near real time.
Deployments in high-voltage transmission technology
have kept a slower pace. Several projects for advanced

high-voltage direct-current (HVDC) interconnection
were inaugurated or close to completion, including
the Belo Monte project in Brazil, a 2 GW Spain-France
interconnection and an aggregate of 10 GW in China.

A recent emerging trend is the aggregation of loads
and distributed generation to create “virtual power
plants” (VPPs) and microgrids. VPPs can combine a

rich diversity of independent resources into a network
via sophisticated planning, scheduling, and bidding
through IT-enabled smart technologies. Regional VPP
demonstrations have been created in France (Nice Grid),
Canada (PowerShift Atlantic) and the United States
(Consolidated Edison of New York).

Tracking progress

Annual smart grid investments grew by 12% compared
to 2014. IT-enabled solutions are increasing in
importance as aggregators, VPPs and other business
models based on physical smart grid infrastructure are
expanding. Despite an increase in planned projects,
large-scale interconnection has not kept up with the
requirements in the 2DS, and some advanced HVDC
technologies (e.g. voltage source converters and DC
circuit breakers) required for interconnected DC grids
are still to reach full market adoption.

Recommended actions

The increase in business models based on AMI and for
distributed generation means strategies for smartening
power grids need to be designed around customers and
the opportunities opened up by big data. Key concerns
remain for data privacy and security. Standard methods
for accounting for the costs and benefits of smart grid
technologies are still not widespread.

Inadequate interoperability and harmonisation

of technology remain obstacles for smart grid
technologies. Leveraging cross-sectoral interactions
(e.g. power-to-heat, vehicle-to-grid [V2G]) requires

a degree of interoperability not common in current
practice.

24 IT refers to information technology (software component of a smart grid asset), whereas OT refers to operational
technology (the physical component of a smart grid project).
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Energy storage

o Improvement needed
A Positive developments

Storage plays an important role in the 2DS vision, providing flexibility

to energy systems, increasing the potential to accommodate variable
renewables and distributed generation, and improving management of
electricity networks. Storage technologies experienced a landmark year in
2014, largely driven by policy action and regulatory changes.

Recent trends

Large-scale energy storage continues to be dominated
globally by pumped hydropower, both in terms of
installed capacity (149 GW, or 96% of the total) and

of new installations (over 5 GW completed in 2014,

or 72% of the total). Battery storage, however, was
deployed strongly through 2014, with a record 400
MW additions, more than doubling the installed base in
2013. Regulators worldwide (particularly in the United
States, Europe and key markets in Asia) have introduced
mandates and other policy instruments to spur storage
deployment within their jurisdictions. In liberalised
markets, rule changes increasingly allow storage to
compete in markets for services beyond wholesale
energy trade (e.g. markets for capacity or frequency
regulation). Finally, in a growing number of countries,
policy and regulation are aiming to explicitly capture
more value from distributed resources through policy
instruments that are opening opportunities for storing
excess power production locally (e.g. tariff designs for
self-generated and exported power).

This accelerated deployment has been accompanied
by continued and rapid reductions in technology costs
in battery technology, particularly in lithium-ion (Li-ion)
chemistries. Since 2010, costs have followed a similar
trend to those experienced by PV a decade earlier, with

learning rates?® averaging 22%. Increasing evidence exists,

however, that drivers for recent cost reductions may echo
those that have shaped the boom in PV installations since
2011. In the medium term, once markets rebalance cost
reductions are likely to continue — in large part, due to
knowledge acquired from lithium-ion batteries powering
electric vehicles and consumer electronics. Particular
attention is required in the area of balance-of-system
costs.?® These costs can greatly affect total installed costs
and depend on local capacities, not technology trends.

Building-scale power storage emerged in 2014 as a
defining energy technology trend. The market grew
by 50% year-on-year. The commercialisation of

the Tesla Powerwall (a 10-kWh lithium-ion storage

solution) captured public attention and pressured other
manufacturers to reduce costs. Such behind-the-meter
battery storage allows private consumers to improve the
economic value of self-generated electricity. This trend is
expected to accelerate as more consumers look to reduce
grid electricity expenditures, reduce capacity charges and
maximise consumption of self-generated power.

Beyond lithium-ion battery storage, however, progress
in other areas remains weak. The deep decarbonisation
of power generation envisaged in the 2DS requires
technologies better adapted to storing large volumes
of energy that can be converted back to electricity, to
compensate for extended periods of abundant or scarce
generation arising from high shares of wind and solar
power. With around 40 MW of planned deployments,
flow batteries have shown significant progress and
could fulfil this role. Progress in larger-scale solutions
such as compressed air energy storage or pumped
hydro has been thwarted by planning constraints and a
lack of viable business models.

Tracking progress

Lower-than-anticipated costs and policy developments
have accelerated deployment in some energy storage
fields such as grid-tied battery technology. High upfront
costs, however, remain an obstacle to wider deployment.
Data gaps remain, particularly in the emerging market
of behind-the-meter storage.

Recommended actions

Market and regulatory frameworks that allow the energy
system to capture the full benefits of storage must
continue to be developed. These frameworks must reward
how fast and how often a power system resource responds
to changes in power supply or load. Particular attention

is required in the area of integration of storage systems
with existing grid infrastructure or with on-site power
generation technologies. Training and capacity-building
programmes, simplifying permitting schemes and better
collection of market and technology data are also required.

25-26 Refer to Technology overview notes page 130 for notes associated with this section.
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Technology overview notes

Unless otherwise noted, data in this report derive from International Energy Agency (IEA)
statistics and Energy Technology Perspectives (ETP) analysis. The notes in this section provide
additional sources and details related to data and methodologies.

Throughout the report, annual averages are calculated as compound average growth rates.

Renewable power (page 84)

Figures 2.2,2.3,2.6 and 2.7: sources: data from IEA (2015a), Medium-Term Renewable Energy
Market Report and 2°C Scenario (2DS) targets from 2016 ETP model.

Figure 2.5: notes: Values reported in nominal United States dollars (USD) include preferred
bidders, power purchase agreements or feed-in-tariffs. US values are calculated excluding tax
credits. Delivery date and costs may be different than those reported at the time of the auction.

Nuclear power (page 90)

Figures 2.9 and 2.10: sources: data from IAEA (International Atomic Energy Agency) (2015),
PRIS (Power Reactor Information System) database, www.iaea.org/pris/; NEA (Nuclear Energy
Agency) and IAEA (2014), Uranium 2014: Resources, Production and Demand (The Red Book).

Figure 2.11: notes: construction spans from first concrete-to-grid connection. Grid connection
for projects under construction is estimated based on recent public information. FNR = fast
neutron reactor; Gen Il = second generation nuclear reactor; Gen Il = third generation nuclear
reactor; HTR = high temperature reactor; SMR = small modular reactor.

Figure 2.11: source: realised grid connection data from IAEA (2015), PRIS database, www.iaea.
org/pris/.

Natural gas-fired power (page 92)

Figure 2.12: note: NBP = National Balancing Point (United Kingdom), representative of European
gas prices.
Sources: Henry Hub: Intercontinental Exchange; NBP: GasTerra; Japan LNG: Japan Customs.

Figure 2.13: note: other fossil category comprises coal-fired power and oil-fired power
generation. Oil-fired power generation is negligible in Germany and the United States (<1%),
but represented 11% in Japan in 2014.

Figure 2.14: note: the capacity factor describes the output from the plant over a period of
time relative to the potential maximum output; it depends on both the running time and the
operating load.

Coal-fired power (page 94)

Figure 2.16: note: other renewables includes geothermal, solar, wind, ocean, biofuels and waste.

Figure 2.17: note: gCO,/kWh = grammes CO, per kilowatt hour.

Carbon capture and storage (page 96)

Note 3: Enhanced oil recovery (EOR) is a closed-cycle process that involves injecting carbon
dioxide (CO,) into older oil reservairs to increase or prolong production. The CO, is injected into
the reservoir, recovered from the produced oil and re-injected. CO, is retained and eventually
stored through injection for EOR, though additional monitoring and planning is needed to
ensure the CO, is effectively stored. The IEA has recently defined what it considers as the
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criteria for planning and monitoring to ensure the efficacy of storage through EOR in
IEA (2015c), Storing CO, through Enhanced Oil Recovery, OECD/IEA, Paris. To date, very few
EOR projects meet these criteria.

Figure 2.18-2.19: note: Large-scale projects are defined in accordance with the Global Carbon
Capture and Storage Institute (GCCSI), i.e. projects involving the annual capture, transport and
storage of CO, at a scale of at least 800 000 tonnes of CO, (tCO,) for a coal-based power
plant, or at least 400 000 tCO, for other emissions-intensive industrial facilities (including
natural gas-based power generation). Advanced stage of planning implies that projects have
reached at least the “Define stage” in accordance with the GCCSI Asset Lifecycle Model.

Figure 2.18-2.19: source: GCCSI (2015), The Global Status of CCS 2015.
Figure 2.20: note: data are in USD 2014 prices and purchasing price parity (PPP).

Industry (page 98)

Note 2: Industry energy consumption includes energy use in blast furnaces and coke ovens and
as petrochemical feedstock.

Note 3: In IEA modelling, five energy-intensive sectors are considered: chemicals and
petrochemicals, cement, iron and steel, aluminium, and pulp and paper.

Figure 2.21: note: chemicals and petrochemicals includes fuel use as petrochemical feedstock.

Figure 2.22: note: Direct energy-related CO, emissions are those from fuel combustion. In
chemicals and petrochemicals, there is a slight increase in direct energy-related CO, intensity
in 2025 primarily due to the effect of existing and planned coal-based methanol-to-olefins
capacity in the short term in China, with a greater overall energy footprint than steam cracking.
Emissions from electricity generation are accounted for in the electricity sector, making
electricity-intensive industrial processes appear less CO,-intensive.

Aluminium (page 100)

Note 4: This represents aluminium produced from new and old scrap. Internal scrap has been
excluded for consistency with published statistics.

Source: IAl (International Aluminium Institute) (2015b), Global Mass Flow Model - 2013

(2014 draft), www.world-aluminium.org/publications/.

Note 5: This represents the share of production based on new and old scrap. Internal scrap has
been excluded for consistency with published statistics.

Source: IAl (2015b), Global Mass Flow Model — 2013 (2014 draft), www.world-aluminium.org/
publications/.

Note 6: These data are reported by IAl member companies and associations to IAl, and capacity
not covered by members is accounted for via IAl estimates. Alumina refining energy intensity
does not include alternative (non-Bayer) processes.

Source: IAl (2015a), Current IAI Statistics, www.world-aluminium.org/statistics/ (accessed 7
December 2015).

Note 7: Of which aluminium is a major part. Not all of the increase in energy consumption can
be attributed to aluminium. Defined in the IEA Energy Balances as ISIC Group 242 (manufacture
of basic precious and other non-ferrous metals) and Class 2432 (casting of non-ferrous metals).
Sources: |[EA (2015e), Energy Balances of OECD Countries, OECD/IEA, Paris; United Nations
Statistics Division (2008), International Standard Industrial Classification of All Economic Activities
(ISIC), Rev. 4, Series M No. 4, UNSD, New York.

Note 8: These data are reported by IAl member companies and associations to IAl, and capacity
not covered by members is accounted for via IAl estimates. Best available technology (BAT)
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level for primary aluminium smelting is given as 49 gigajoules per tonne (GJ/t) aluminium (Al)
(13 611 kilowatt hours per tonne [kWh/t] Al), and BAT level for Bayer process alumina refining is
7.6 GJ/t alumina.

Sources: IAI (2015a), Current IAI Statistics, www.world-aluminium.org/statistics/ (accessed

7 December 2015); LBNL (Lawrence Berkeley National Laboratory) (2008), World Best Practice
Energy Intensity Values for Selected Industrial Sectors, LBNL, Berkeley.

Note 9: A recent estimate put overall average energy intensity of alumina refining in China at
18.53 GJ/t.

Source: Rock, M. and M. Toman (2015), China’s Technological Catch-up Strategy: Industrial
Development, Energy Efficiency, and CO, Emissions, Oxford University Press, Oxford.

Note 10: This could be commercially available by 2030, by some estimates, though this
depends on research progress in creating an economically and technically viable inert anode.
Intergovernmental Panel on Climate Change (IPCC) literature estimates availability by 2020.
Note that in IEA modelling, inert anodes are assumed to be commercially available from 2030
in the 2DS, and 2035 in the 4°C Scenario (4DS).

Source: IPCC (2007), Contribution of Working Group Il to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge University Press, Cambridge.

Note 171: Refer to IEA (2015f), World Energy Outlook 2015, OECD/IEA, Paris, for additional
discussion of material efficiency in the aluminium sector.

Textbox: note 12: this represents the share of production based on new and old scrap in 2025 in
the 2DS. Internal scrap has been excluded for consistency with published statistics.

Figure 2.24: note: GCC = Gulf Co-operation Council. These data are reported by IAl member
companies and associations to |Al, and capacity not covered by members is accounted for via
IAl estimates. For regional definitions see source website.

Source: 1Al (2015a), Current IAl Statistics, www.world-aluminium.org/statistics/ (accessed

7 December 2015).

Figure 2.25: note: Bubble size refers to primary aluminium production in millions of tonnes

(Mt). These data are reported by IAl member companies and associations to IAl, and capacity
not covered by members is accounted for via IAl estimates. For regional definitions see source
website. Alumina refining energy intensity includes only Bayer process refining, which means
some regions’ refining energy intensities are underestimated in this graph, particularly China. BAT
level for alumina refining energy intensity is 7.6 GJ/t alumina, and for smelting electricity intensity
is 13 611 kWh/t AL BAT levels refer to an average size capacity, and the achievable performance
level not considering particular characteristics at specific sites, such as high capacity sites with
high levels of process integration, and varying qualities of raw materials and feedstocks.

Source: 1Al (2015a), Current IAl Statistics, www.world-aluminium.org/statistics/ (accessed

7 December 2015).

Figure 2.26: note: includes top six primary aluminium producing regions. CO, intensities of
electricity production are based on national averages, not electricity provided specifically to the
aluminium sector. In the 2DS, as global electricity supplies become increasingly decarbonised,
several of these regions’ CO, intensities of electricity production reach nearly zero. In 2025,
Canada reaches 73 grammes CO, per kilowatt hour (gCO,/kWh), Brazil reaches 26 gCO,/kWh
and Norway reaches 6 gCO,/kWh. Norway also starts from a very low level, 8 gCO,/kWh, due to
the large share of hydropower in its primary energy supply.

Sources: [EA analysis; USGS (United States Geological Survey) (2015), Minerals Yearbook:
Aluminum, www.minerals.usgs.gov/minerals/pubs/commodity/aluminum/index.html#myb.
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Transport (page 102)

Note 13: Well-to-wheel refers to the energy use and greenhouse gas (GHG) emissions in the
production of a fuel and its use in a vehicle. Well-to-wheel energy use and GHG emission
estimates exclude the production and end-of-life disposal of the vehicle and fuel production/
distribution facilities. As such, they provide a partial view of energy use and emissions resulting
from a life-cycle assessment (LCA) of fuel and vehicle production, use and disposal. LCA is a
broader concept, requiring more information than the well-to-wheel energy and GHG emissions
estimates. LCA is used to account for all the environmental impacts (not only energy and GHG,
but also many kinds of pollutants and water requirements) resulting from the consumption of
all the materials needed for the production process.

Figure 2.27: note: MtCO,-eq = million tonnes of carbon dioxide equivalent; HFTs = heavy freight
trucks; LCVs = light commercial vehicles; MFTs = medium freight trucks; pkm = passenger
kilometres; tkm = tonne kilometres.

Source: IEA (2016a), Mobility Model, January 2016 version (database and simulation model),
www.iea.org/etp/etpmodel/transport/.

Figure 2.28: note: this map is without prejudice to the sovereignty over any territory, to the
delimitation of international frontiers and boundaries, and to the name of any territory, city or
area.

Source: Population data sourced from UN DESA (United Nations Department of Economic
and Social Affairs) (2014), World Urbanization Prospects: The 2014 Revision, CD-ROM edition,
www.esa.un.org/unpd/wup/CD-ROM/ (accessed 10 October 2015); calculations derived from
IEA (2015g), “World energy balances”, World Energy Statistics and Balances 2015 (database),
www.iea.org/statistics (accessed 4 February 2016).

Electric vehicles (page 104)
Figure 2.29: note: BEV = Battery Electric Vehicle; PHEV = Plug-in Hybrid Electric Vehicle.

Figure 2.29-2.30: source: IEA (forthcoming), Global EV Outlook 2016.

Figure 2.31: note: reflects a share of electric driving for plug-in hybrid electric vehicles of 30%.
Source: IEA (forthcoming), Global EV Outlook 2076, OECD/IEA, Paris; IEA (2015h), CO, Emissions
from Fuel Combustion (database), wwwi.iea.org/statistics; IEA (2016a), Mobility Model, January
2016 version (database and simulation model), www.iea.org/etp/etpmodel/transport/.

Aviation (page 106)

Note 15: Unless otherwise noted, all references to energy use are expressed in terms of final
energy.

Note 16: In aviation, the common activity metric is RPK: revenue passenger-kilometres. This
corresponds to the number of passengers transported, multiplied by the kilometres they fly.
It is equivalent to passenger-kilometres (pkm) in other transport modes.

Note 17: Air Transport Action Group (ATAG) represents a broad industrial consortium in aviation,
including airport operators, aircraft and aircraft engine manufacturers, airlines, and civil aviation
services, among others.

Figure 2.32: source: Calculations derived from IEA (2015g), World Energy Statistics and Balances
2015, wwwi.iea.org/statistics; ICAO (International Civil Aviation Organization) (2013), “Appendix 17,
Annual Report of the ICAO Council: 2013, www.icao.int/annual-report-2013/Documents/
Appendix_1_en.pdf.


https://www.iea.org/etp/etpmodel/transport/
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http://www.iea.org/statistics
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Figure 2.33: note: GDP = gross domestic product.

Source: IEA (2016a), Mobility Model, January 2016 version (database and simulation model),
www.iea.org/etp/etpmodel/transport/; population calculations from UN DESA (2014), World
Urbanization Prospects: The 2014 Revision, www.esa.un.org/unpd/wup/CD-ROM/.

Figure 2.33-2.34: source: |EA (2016a), Mobility Model, January 2016 version (database and
simulation model), www.iea.org/etp/etpmodel/transport/.

Biofuels (page 108)

Note 18: Sustainably produced biofuels offer a lower-carbon intensity alternative to petroleum-
derived fuels. Conventional biofuels include sugar- and starch-based ethanol and oil crop-based
biodiesel. Advanced biofuels include biofuels based on non-food agricultural residue and waste
feedstocks such as cellulosic ethanol, renewable diesel and bio-synthetic gas. The category also
includes other novel technologies that are mainly in the research and development and pilot
stages.

Flexible-fuel vehicles, or flex-fuel vehicles, have suitable engine modifications to use higher
ethanol blends (e.g. E85) or as is commonly found in Brazil, pure hydrous ethanol (E100). As

of February 2016, ten commercial-scale advanced biofuels plants have been commissioned in
Brazil, China, Europe and the United States; annual production capacities for these plants range
from 30 to 120 million litres per year. Nine of these plants produce cellulosic ethanol from
biomass wastes and agricultural residues.

Examples of ambitious and long-term transport sector targets include Finland's aim to provide
a 40% share of renewable transport fuels and Sweden's goal of a vehicle stock independent of
fossil fuels, both by 2030. Examples of policies to establish defined reductions in the life-cycle
carbon intensity of transportation fuels include the Low Carbon Fuel Standard in California and
the Climate Protection Quota in Germany. These policies take into effect the different levels

of carbon reduction achieved by biofuels due to specific feedstock and production process
combinations. Specific advanced biofuels quotas are included in the Renewable Fuel Standard
in the United States, will be introduced in Italy from 2018 and are under consideration within
several other European countries.

Both conventional and advanced biofuels’ contributions to the 2DS have been revised down from
previous projections due to slower market growth and lower than anticipated commercialisation,
respectively. This reduction is offset by updated transport assumptions regarding journey
avoidance and switching to alternative public transport modes in urban areas, in addition to a
slower assumed GHG emissions reduction profile and updated vehicle efficiency assumptions.

Figure 2.35: sources: [EA (2016b), Medium-Term Oil Market Report 2016; 2DS targets from the
2016 ETP model.

Figure 2.36: source: Biofuels production data from IEA (2016b), Medium-Term Oil Market
Report 2076.

Figure 2.37: source: Bloomberg New Energy Finance (BNEF) (2015), Funds Committed
(database), www.bnef.com/FundsCommitted/search.

Buildings (page 110)
Figure 2.39: notes: the year 1995 has been used for the Russian Federation to account for the
dissolution of the Former Soviet Union. MWh = megawatt hours.

Figure 2.40: note: kWh/m? = kilowatt hours per square metre; ASEAN = Association of Southeast
Asian Nations.
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Building envelopes and equipment (page 112)

Figure 2.41: note: this map is without prejudice to the sovereignty over any territory, to the
delimitation of international frontiers and boundaries, and to the name of any territory, city

or area.

Source: IEA building code analysis and IEA (2015i), IEA Building Energy Efficiency Policies (BEEP)
Database, www.iea.org/beep/.

Figure 2.42: note: heating and cooling degree days are based on average heating degree days
(HDD) over the heating region within a large country and average cooling degree days (CDD)
over the cooling region within a large country. CZ = climate zone, as defined by Ministére de
I'Environnement, de 'Energie et de la Mer [Ministry of the environment, energy and the sea]
(2013) and Pacific Northwest National Laboratory (PNNL) (2015).

Source: IEA building code analysis and Global Buildings Performance Network (GBPN) analysis;
Ministére de I'Environnement, de I'Energie et de la Mer [Ministry of the environment, energy and
sea) (2013), La répartition des départements par zone climatique [The distribution of departments
by climate zone]; PNNL (2015), High-Performance Home Technologies: Guide to Determining
Climate Regions by County, Building America Best Practices Series.

Figure 2.43: note: fuel boilers are not compared with gas heat pumps in this figure. HDDs and
CDDs are based on average HDD over the heating region within a large country and average
CDD over the cooling region within a large country.

Source: IEA technology policy mapping analysis.

Appliances and lighting (page 114)

Figure 2.44: note: CFL = compact fluorescent lamp; LED = Light emitting diode; OLED = organic
light emitting diode.

Figure 2.44 (left): source: 4E TCP (Technology Collaboration Programme on Energy Efficient
End-Use Equipment) (2015b), “Mapping & benchmarking of the impact of ‘phase-out’ on the
lighting market (updated)’, www.iea-4e.org/document/351/policy-brief-mapping-benchmarking-
of-the-impact-of-phase-out-on-the-lighting-market-updated.

Figure 2.44 (right): source: adapted from US-DOE (United States Department of Energy) (2012),
Solid-State Lighting Research and Development: Multi-Year Program Plan.

Solar heating (page 116)

Note 20: Data for total installed global solar thermal collector capacity are estimated, with a
considerable amount of uncertainty over the coverage in some markets. For this report, several
data sources were used including official IEA statistics, Technology Collaboration Programme on
Solar Heating and Cooling (SHC TCP), the European Solar Thermal Industry Federation (ESTIF),
and national administrations. Data for 2014 deployment are preliminary and may differ from
when historical data sources are updated.

Solar thermal collector capacities are represented in gigawatts thermal (GW,,) using the
conversion factor of 0.7 kilowatts thermal per square metre (kW,/m?) to derive the nominal
capacity from the area of installed collectors in order to make solar thermal collector
capacity comparable with that of other energy sources. The conversion factor was agreed by
representative associations from member countries, the ESTIF and the [EA SHC programme in
a 2004 joint meeting between the SHC TCP and major solar thermal trade associations.

Figures 2.47, 2.48 and 2.49: sources: data from IEA (2015j), Renewables Information 2015
www.iea.org/statistics/; SHC TCP (2015), Solar Heat Worldwide; ESTIF (2015), Solar Thermal
Markets in Europe; and 2DS targets from 2016 ETP model.
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Figure 2.49: note: this map is without prejudice to the sovereignty over any territory, to the
delimitation of international frontiers and boundaries, and to the name of any territory, city
or area.

Co-generation and district heating and cooling (page 118)

Note 21: Cogeneration is also commonly referred to as combined heat and power (CHP).
This report uses the term “cogeneration’ to refer to the simultaneous generation of heat and
electricity.

Efficiency for a district cooling system refers to the ratio of final thermal energy provided to
primary energy input for generation. These efficiencies can be especially high in the case of
systems that use surplus heat and natural cooling sources as inputs.

Note 22: According to IEA energy balance conventions, for auto-producer cogeneration plants,
which produce some heat and electricity for their own use, only heat generation and fuel input
for heat sold are considered, whereas the fuel input for heat used within the auto-producer’s
establishment is not included, but accounted for in the final energy demand of the appropriate
consuming sector. Transmission and distribution losses are not included.

Note 23: More information is available at www.stratego-project.eu/project-brief/.

Figure 2.50: notes: share of population served by district heat in China accounts only for
populations in north urban China. Estimates provided by the Tsinghua University Buildings
Energy Research Center (BERC).

Sources: Euroheat & Power (2015), District Heating and Cooling: Country by Country Survey 2015;
TU (Tsinghua University) (2015), 2015 Annual Report on China Building Energy Efficiency.

Figure 2.51: notes: non-OECD CHP shares have not been included for 1990-93 due to the
dissolution of the Former Soviet Union. Heat generation includes heat sold and does not include
heat used on-site.

Figure 2.52: note: decarbonisation of district heating accelerates in the medium- to long-
term time frame given the volumes of infrastructure already in place to 2025 and the typical
lifetimes of heat generation investments.

Smart grids (page 120)
Figure 2.53: note: DER = distributed energy resources; V2G = vehicle to grid; VRE = variable

renewables.
Source: ISGAN (International Smart Grid Action Network) (2015), Global Smart Grid Inventory.

Figure 2.54: note: see page 402 for deviations from regional groupings associated with this
figure.
Source: Navigant (2014), Smart Grid Technologies.

Figure 2.55: source: IEA analysis and NRG Expert (2015), Electricity Transmission
and Distribution Report and Database, www.nrgexpert.com/energy-market-research/
electricity-transmission-and-distribution-report-and-database/.

Energy storage (page 122)

Note 25: The technology learning rate refers in this case to the reduction in investment costs
for every doubling of cumulative (historical) installed capacity.

Note 26: “Balance-of-system costs” refers to costs related to additional equipment and
operations required to monitor, manage and connect batteries to power grids.

Figure 2.57 and top row textbox: source: IEA analysis and US-DOE (2016, Global Energy Storage
Database, www.energystorageexchange.org/.
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Figure 2.57: note: NaS = sodium sulphur; Li-ion = lithium ion; CAES = compressed air energy
storage.

Figure 2.58: source: Platts (2015), World Electric Power Plants Database.

Bottom row textbox: source: GTM (Greentech Media) (2016), US Energy Storage Monitor.
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Part 2

Cities are density centres for global energy demand and are
responsible for a significant share of carbon emissions, expected
to increase with growing urban populations and urban economic
activity. However, a wide range of solutions exists to reduce the
carbon footprint and improve the overall energy sustainability
of urban areas.

The chapters in Part 2 look at how urban systems can turn
from being drivers of unsustainable trends to strategic pillars
of an ambitious low-carbon energy transition. Compact urban
development, energy-efficient buildings, public transport,
low-carbon end-use fuels, distributed renewable energy and
smart energy networks all offer a vast and largely untapped
potential to effectively achieve energy sustainability in cities.

Local and national policy makers need to increase their efforts
and work together to ensure that the right conditions are in place
to enable cities to achieve their energy sustainability potential.
Part 2 ends with a chapter on Mexico, which can show the world
that with the right commitment of national and sub-national
governments, cities can drive decarbonisation.
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Urban areas can play a decisive role in the transition to a cleaner
energy future. Shifts to more efficient buildings, transport systems

and industrial processes; lower-carbon energy supplies; and

integrated energy systems are critical. Enabling these shifts will
require strong urban energy policies and increased co-operation
between national and local governments.

Energy-Efficient Buildings in the Urban Environment 171
Rapid expansion of the global built environment and ownership

of energy-using technologies will have a major impact on building
energy use to 2050. Urban areas offer an important opportunity

to improve building energy efficiency and realise low-carbon,
integrated communities.

Sustainable Urban Transport 217
Meeting the growing demand for urban mobility while at the same
time reducing carbon emissions will require a strong effort to reduce
transport activity, shift to a greater use of public transport and

deploy low-carbon technologies in cities. To realise this transition,

local and national policy makers need to implement a broad

portfolio of measures.

Energy Supply in Cities 261
Local clean energy supply is a prerequisite for greater energy
sustainability in cities. Decentralised low-carbon electricity and

heat generation within or close to urban areas, as well as smart

urban energy networks, can play an important role in meeting
multiple energy sustainability goals.

Policy and Finance Mechanisms for Urban Areas 305
Mobilising the urban sustainable energy potential requires

leveraging a range of policy and finance mechanisms available

to local authorities. Efforts are needed to enhance local capacity

to implement effective policies, and national governments have

a strategic role to enable cities to achieve their potential.

Mexico’s Sustainable Energy Transition: The Role of Cities 341
Mexico has embarked on an ambitious decarbonisation path that

will require a significant acceleration of low-carbon technology
deployment. This transition can be achieved only if Mexican cities

are enabled to successfully foster energy efficiency and cleaner fuels

in urban energy systems.
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The Urban Energy Challenge

Urban areas can play a decisive role in the transition to a cleaner energy
future. Sustainable urban energy systems can improve energy security and
resilience while delivering multiple benefits for the environment, human
health and economic growth. Shifts to more efficient buildings, transport
systems, and industrial processes; lower-carbon energy supplies; and
integrated energy systems are critical. Enabling these shifts will require
strong urban energy policies and increased co-operation between national
and local governments.

Key findings

B The world’s economic activity and 365 EJ in 2013 to 621 EJ in 2050 - while global
population will be increasingly urban CO, emissions also grow rapidly, from
concentrated in urban areas. Global 23.8 Gt in 2013 to 35.7 Gt in 2050, an increase
gross domestic product (GDP) will triple from of about 50%.

111 trillion United States dollars (USD) in 2015 to
USD 337 trillion in 2050, when 84% of GDP will be
generated by urban areas. Over the same period,
the world’s urban population will grow by 62%
from 3.9 billion to 6.3 billion, with most growth
occurring in developing and emerging economies.

B With strong policy action and
accelerated technology deployment,
urban energy use and CO, emissions can
be reduced significantly. Global urban
primary energy use can be limited to 431 EJ by
2050, representing only an 18% increase from

B Urban areas dominate global primary 2013, while urban populations are projected
energy use and CO, emissions. [n 2013, to increase by 67% and urban GDP by 230%
the world’s urban areas accounted for about over the same time period. Global urban CO,
365 exajoules (EJ) of primary energy use emissions are also decoupled from energy use,
(64% of global primary energy use) and about limiting urban CO, emissions to 8.7 Gt in 2050,
24 gigatonnes (Gt) of carbon dioxide (CO,) which is a 63% reduction from 2013 levels.

emissions (70% of the global total). Within
urban areas, major sources of Knal energy
demand are residential and services buildings,
industrial processes, transport systems, and
generation of electricity and heat.

B Achieving the 2DS for urban buildings and
transport systems would not place
significant burdens on the global economy.
Additional cumulative investments (compared
to the 6DS) are estimated at USD 11 trillion

B Near-term policy actions must be taken to between 2013 and 2050 for urban buildings
avoid “lock-in” of inefficient urban energy and at negative USD 21 trillion for urban
systems during upcoming periods of transport systems. Avoid and shill strategies
rapid urban population and GDP growth. in urban transport systems lead to signilcant
If current trends continue, global urban primary reductions in passenger vehicle purchases and
energy use would grow by about 70% - from related infrastructure investments.

© OECD/IEA, 2016.
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B More energy and emissions data are
needed at the urban scale. Such data are
critical to identify major contributors to urban
enerqgy use and emissions, establish energy and
emissions baselines, prioritise policy actions,
and monitor and communicate progress towards
national and local energy and emissions goals.

B The transition to sustainable urban
energy systems must encompass all

Opportunities for policy action

energy supply and end-use sectors. Change
will be driven by improved thermal performance
and equipment efficiencies in the buildings
sector; more compact urban forms and “Avoid/
Shill /Improve” strategies in the transport
sector; greater use of combined power, heat

and cooling systems; renewables; smart grids;
and energy efficiency improvements in the
industrial sector.

B National and local governments must implement
new co-operative governance structures
that strengthen the enabling environment
for sustainable energy system technologies
at the urban scale. Opportunities include
greater alignment among national, regional
and local policies (vertical integration) and
greater collaboration and co-operation between
local agencies (horizontal integration), to
simultaneously meet environmental, economic and
social objectives at both local and national levels.
These actions are particularly important for
small and medium cities, where local capacities
are limited, and in emerging and developing
economies.

B Enable cities to act as innovation hubs for
sustainable urban energy system technologies
and strategies by supporting public-private
partnerships and technology demonstrations,
and by communicating results and best
practices to accelerate broader adoption of
clean energy solutions.

B Develop and communicate comprehensive
urban action plans that address multiple

sustainability goals and delne transparent
objectives, metrics and targets over the short
and long term, while conducting regular
monitoring and evaluation of progress.

Invest in long-term data capabilities that
provide robust energy statistics at urban scales,
and across all major energy demand and supply
sectors, to more accurately track urban energy
system progress; invest in modelling capacities
to provide robust analytical guidance for energy
technology and energy policy decisions.

Increase research, development and deployment
(RD&D) investment in core technology areas
necessary for sustainable urban enerqgy systems,
including advanced building and mobility
technologies, integrated power, heat, and cooling
technologies, smart grids, energy storage, and
cleaner industrial production technologies.

Enact holistic zoning policies at the local

level that promote greater population and
employment densities, more compact urban
forms, accessible and adequate green space, and
public and non-motorised mobility options.

The world’s energy future is inextricably linked to its urban areas. High urban concentrations
of people and economic capital, and the characteristics of urban buildings, transport
systems, industrial processes and energy infrastructures, all heavily inuence global energy
use. As of 2015, 3.9 billion people were living in urban areas, representing 52% of the global
population of 7.3 billion. By 2050, the world’s urban population will reach 6.3 billion, or two-
thirds of the projected global population of 9.5 billion (UN DESA, 2014a).

Urban population growth will continue to place pressure on national and local governments
not only to deliver basic services such as energy access, affordable housing, public health,
disaster risk management and economic development, but to do so in a way that meets
sustainable energy goals.

This introductory chapter outlines the rationale for prioritising urban energy systems in
Energy Technology Perspectives 2016 (ETP 2016). It summarises the major components and

© OECD/IEA, 2016
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drivers of energy use by the world’s urban areas, and presents the results of ETP scenarios
for global urban energy use and CO, emissions. It stresses the importance of national and
local policy co-ordination, and provides examples of policy actions for enabling transitions
to sustainable urban energy systems.

In ETP 2016, sustainable urban energy systems are broadly defined as meeting demand
for urban energy services while 1) protecting the environment (including mitigating climate
change, reducing air pollution and avoiding natural resource depletion); 2) improving the
resilience of urban energy infrastructure to external shocks; and 3) achieving economic and
human development goals.

A transition to sustainable urban energy systems will require deploying a mix of clean
energy technologies while also changing the behaviour of energy users, for example through
greater use of public transport. Sustainable options exist at every level of the urban energy
system, from primary energy production through transformation to consumption.

In addition, the density and diversity of energy demand in urban areas offers valuable
opportunities for integrating different energy networks, such as electricity, heat and
buildings. Opportunities for system integration can arise from options such as smart grids
and distributed storage. District heating and cooling (DHC) networks can also be a source
of Kexibility for accommodating variable renewable energy sources, such as wind and solar
power, and excess heat (e.g. from industrial processes or municipal waste water treatment).

Municipalities often have jurisdiction over such core determinants of energy use as zoning
and building codes, business licensing, transport planning and, in many cases, local power
distribution networks. However, national governments can provide much greater support
through investments in RD&D of clean energy technologies, development of energy eX ciency
standards, facilitating co-ordination among national, subnational and local agencies and
their planning and energy policies, and other national policy actions described in ETP 2076.
Strong private-sector engagement is also critical for the clean energy transition.

Some national governments have already begun creating policy frameworks that empower cities
to make the transition to sustainable energy systems. Governments can expand this support

in many ways, including by formulating national urban energy plans and developing or making
available urban energy planning tools that advance local and national clean energy goals.

ETP 2016 identifies a diversity of cost-effective technologies and strong policy actions that
can make urban energy systems more sustainable. It presents urban analysis within the

2WC Scenario (2DS) that can help cities and countries assess what is possible and realistic in
their own contexts, and in terms of the energy performance and costs of different technology
pathways. Each chapter focuses on the challenges and opportunities related to

a major urban energy system component:

Rapid urban growth presents both challenges and opportunities for energy-el cient
residential and commercial building stocks, including new building energy standards and
deep energy renovations of existing buildings, especially in developing countries. Cities
can use a combination of national and local policies to reduce building energy demand
significantly and avoid “locking in” inel cient urban built environments (Chapter 4).

Growing demand for urban mobility brings significant opportunities to avoid unnecessary
travel, shift activity to public transport and support the spread of more el cient low-carbon
vehicles. Local and national policy makers can implement a broad portfolio of measures to
realise this transition (Chapter 5).

Urban energy supply systems can be made sustainable by use of cleaner energy sources and
by investing in infrastructure to deliver cleaner and more secure electricity, heat and fuels,
and to maximise integration opportunities using smart grids (Chapter 6).
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B Integrating local and national policy making can enable planning approaches and policy

instruments that support technology adoption and promote behavioural change that
increases energy el ciency and renewable energy use in cities (Chapter 7).

Additionally, as in previous editions, ETP 2076 recognises the importance of emerging
economies in the energy transition by including a focused review of one of the International
Energy Agency (IEA) accession countries:

Ambitious goals and targets define Mexico’s plans to transition to cleaner urban energy
systems, demonstrating how emerging economies can link energy technology innovation
and energy policy with their economic growth objectives (Chapter 8).

Why urban energy systems?

Urban areas' account for the greatest shares of both global population and world economic
activity, which are two key drivers of societal energy use. As such, the world’s urban areas
have substantial inXuence over global energy demand and energy-related environmental
emissions. This inluence will continue to strengthen as populations and economies continue
to grow and urbanise.

In addition to meeting growing demand for urban energy, many governments face the
challenges of providing clean energy access and reducing exposure to harmful air pollution.
A transition to more sustainable energy systems can not only meet these challenges

but also deliver additional benefits, for example by increasing energy security, improving
resilience and fostering innovation. The following subsections discuss each of these factors
to underscore the importance of sustainable urban energy systems as a pressing policy
priority, for both national and local governments.

Urban populations are rising

Much of the population growth projected by 2050 will occur in developing economies,
particularly in India, Africa and non-Organisation for Economic Co-operation and
Development (OECD) economies in other regions (Figure 3.1). This growth, combined
with continued economic development, will increase demand for energy services as both
all uence and basic energy access levels rise. By contrast, only moderate population
growth is expected in OECD economies, where per capita demand for energy services is
substantially higher, but is also generally stable due to higher market diffusion of end-use
technologies (e.g., appliances and personal vehicles) and the growing effects of energy
el ciency policies such as building energy codes and appliance standards.

In all world regions, urbanisation is expected to continue to 2050. In OECD economies, the
urban population is expected to rise from 80% of total population in 2013 to 87% by 2050.
China will also become highly urbanised, with 76% of its population living in cities by 2050,
compared with 53% in 2013. Pronounced population shifts will also occur in India, where the
urban population will rise from 33% in 2013 to 50% in 2050, and in Africa (from 39% to 55%).
By 2050, the urban populations in India, China and Africa will account for roughly one-third
of the world’s population. Large urban populations combined with rapidly developing per
capita demand for energy services will make the transition to sustainable urban energy
systems particularly important in these economies.

1 In ETP 2016, urban areas are not defined explicitly in terms of consistent settlement characteristics, population thresholds,
or population density thresholds across ETP model regions. Rather, urban energy use and CO, emissions are estimated for
each ETP model region on the basis of external datasets for urban population and urban economic activity (as described
later in this chapter), along with further assumptions related to urban energy technology characteristics and energy service
demand drivers (as described in Chapters 4, 5 and 6).
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Projected urban and non-urban population, global and regional,
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Key point By 2050, two-thirds of the world’s population will live in urban areas, with the

greatest growth in China, India, Africa and non-OECD economies in other regions.

Most urban growth will occur in small cities, with populations of less than 500 000, and
medium-sized cities of less than 1 million people (UN DESA, 2014b). In such cities, the
resources and capacities for implementing effective urban energy policies are typically
much weaker than those in large cities (Grubler et al, 2012). Strong co-ordination between
national and local policy makers will therefore be particularly important in these small to
mid-sized cities to ensure comprehensive policy design and deployment, sharing of best
practices, and the necessary investments in sustainable and el cient urban energy systems
and technologies.

Rapid urbanisation in developing countries is also likely to increase the land occupied by
cities, given that many of these cities are expanding in uncontrolled ways to meet the needs
of swelling populations. Without action to limit rapid, sprawled expansion of the urban built
environment, more land may be required to meet growing urban populations from 2000 to 2030
than has been required for urban areas in all of human history to date (Lucon et al,, 2014).

Urban economies are growing rapidly

Urban economies account for the vast majority of global economic activity (expressed as

GDP) and can be considered the world’s economic engines. In 2013, urban areas generated an
estimated GDP of USD 86 trillion,> which made up 82% of global GDP. In 2013, 19 of the world's
20 largest economies had an urban share of GDP of at least 70% (Figure 3.2). At the global
level, urbanised economies are similarly dominant: three-quarters of total global GDP in 2013
occurred in 88 economies with urban GDP shares greater than 80%. Urban areas are, therefore,
vital to national economic goals and competitiveness in most countries, which lends them high
importance for national economic, social and energy policy focus.

As global economic development continues, urban GDP is expected to grow significantly
(Figure 3.3). Between 2013 and 2050, global urban GDP is projected to more than triple
from USD 86 trillion to USD 285 trillion. Over the same time period, the urban share of

2 Unless specified differently, USD figures are in purchasing power parity (PPP) in constant 2014 terms.
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global GDP is projected to rise from 82% to 84%, which suggests that urban areas will
continue to dominate the world economy. The greatest growth in urban GDP is expected in
China, India, Africa and non-OECD economies in other regions.

Figure 3.2 Urban contributions to GDP, 20 largest economies, 2013
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Key point The world’s largest economies are highly urbanised.

Projected urban and non-urban GDP, global and regional, 2013-50
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Key point Urban areas will account for the vast majority of global GDP growth to 2050.

© OECD/IEA, 2016.
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The dominance and growth of urban GDP have at least two important implications for
global energy demand. First, economic activity is typically strongly correlated with demand
for energy services, which accords the world’s urban areas significant inkuence on current
and future global energy demand. The energy intensity of an urban economy is dependent
upon both its economic structure (i.e. the contributions of the services, industry, transport
and other economic sectors) and the energy el ciencies of its economic sectors. As such,
the effects of urban GDP growth on global energy demand will largely be determined by
how the economic structures and energy el ciencies of urban areas evolve and are shaped
by national and local energy policies.

Second, growth in urban GDP will also increase the prosperity of urban inhabitants, which
historically has led to higher per capita consumption of goods and services and greater
ownership of energy-using equipment and personal vehicles (Lucon et al, 2014). The
potential for higher per capita consumption will augment the pressure on national and local
governments to ensure sustainable urban energy transitions while meeting growing demand
for energy services.

The majority of urban GDP growth will occur in developing and emerging economies. This
growth may be explained, in part, by shifts away from rural and agricultural economies to
those based more on services and manufacturing located in or around cities. By 2050, 70%
of projected urban GDP — USD 199 trillion — will be generated by urban areas in China, India,
Africa and non-OECD economies in other regions. Sustainable urban energy transitions

will be critically important in these economies, where rapid urban GDP growth will create
both opportunities and challenges for national and local governments in the transition to
sustainable urban energy systems. As urban GDP grows, governments can direct technology
investments, enact policies and pursue urban plans that “lock in” pathways toward more
sustainable and el cient urban systems. Conversely, inaction during periods of rapid urban
economic growth and development may lead to the undesirable outcome of “locking in”
inel cient urban plans, built environments and energy systems for years to come.

Urban areas dominate global energy use

Given their high concentrations of population and economic activity, the world’s urban areas
play a dominant role in global energy use. ETP 2016 analysis estimates that the world’s
urban areas accounted for 365 EJ of primary energy use in 2013, or 64% of global primary
energy use (Figure 3.4). From a sectoral perspective, direct fuel use by the power sector (for
electricity and heat generation) accounted for the largest share of urban primary energy use,
followed by direct fuel use by the buildings (residential and services combined), industry and
transport sectors within urban areas. When direct fuel use by the power sector is distributed
to end-use sectors on the basis of their consumption of electricity and heat, the buildings
and industry sectors emerge as the largest total (direct plus indirect) contributors to urban
primary energy use, followed by the transport sector.

CO, emissions attributable to the world’s urban areas in 2013 are estimated at 23.8 Gt,

or 70% of the global total. As for primary energy use, when power-sector emissions are
distributed to end-use sectors on the basis of their use of electricity and heat, the buildings
and industry sectors are the largest total (direct plus indirect) contributors to the CO,
emissions of the world's urban areas, followed by the transport sector. The contributions of
the agriculture sector to global urban primary energy use and CO, emissions are expected to
be small?

3 IEA analysis of economic datasets from McKinsey (2015) and IMF (2015) suggests that, globally, less than 15% of
economic activity in the agriculture sector currently occurs in urban areas.
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Global urban primary energy use and CO, emissions, 2013

Primary energy

Direct

Global

Direct

narees L

Urban

0 100 200 300 400 500 600
EJ

CO, emissions

Direct

Global

Direct

s R}

Urban

0 5 10 15 20 25 30 35
GtCo,

mw Buildings N Transport e Industry . Agriculture [ Power generation and heat . Indirect

Note: Direct emissions for industry include 1.9 GtCO, of process-related emissions in the global total and 1.3 GtCO, in the urban total.

Key point The world’s urban areas account for the majority of global primary energy use and
CO, emissions.

ETP 2016 derives its estimates of urban energy use and CO, emissions in a manner that
is broadly consistent with the production (or territorial) energy accounting approach for
each ETP model region (Grubler et al., 2012). For the buildings sector, urban final energy
demand was estimated using assumptions for the total residential Koor area and number
of households in urban areas (for the residential subsector), the total commercial Koor
area in urban areas (for the services subsector), and further assumptions on the energy use
characteristics of urban buildings within each subsector (see Chapter 4). For the transport
sector, urban final energy demand was estimated using assumptions for passenger and
freight modal shares, activity levels, and technology characteristics within urban areas
(see Chapter 5). For the industry and agriculture sectors, urban final energy demand was
estimated by multiplying total sectoral final energy demand (see Chapter 1) by the ratio
of urban value added to total value added for each sector.* This approach assumes that
urban economic activity is a proxy for geographical location within each ETP model region
(Box 3.1), which results in large shares of industrial energy use and emissions attributed
to urban areas in countries and regions with substantially urbanised industrial economic
activity (including China, the United States, the European Union, Brazil, Russia and India).
For the power sector, urban fuel inputs were estimated based on the heat and electricity
requirements within the urban final energy demand of each end-use sector.

4 The estimation of urban added value for agriculture and industry for 189 economies from 2013 to 2050 was based on
data from the Oxford Economics Global City database, IEA urban GDP estimates, and regional growth rates from the IEA
World Energy Outlook 2015 (IEA, 2015a). Data from the Oxford Economics Global City database, covering 770 cities and
metropolitan areas and accounting for an estimated 65% of global urban GDP, were used to estimate national ratios of
urban industry added value to urban total added value from 2013 to 2030. Projections from 2030 to 2050 were developed
using the regional agriculture and industry added value growth rates from the IEA World Energy Outlook 2015.

© OECD/IEA, 2016.
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More detailed estimates of global urban energy use and emissions are complicated

by a lack of urban-scale energy and emissions statistics in most countries. Where
urban-scale datasets and reports exist, differences in energy accounting approaches,
urban geographical boundary definitions, temporal coverage and sample sizes can

often preclude direct comparability for deriving global estimates. Despite inherent
uncertainties, the ETP 2016 estimates highlight the dominant role that urban areas play
in current global energy use, and reinforce the message that the nature and scale of
energy use by urban areas will heavily inluence the world’s energy and CO, emissions
trajectories in the future.® Therefore, strong, near-term policy actions are required by
national and local governments to enable and accelerate sustainable urban energy

system transitions.

m How much industrial energy use is urban?

The industry sector accounted for about 40% of
global final energy demand (including feedstocks)
and 25% of global direct energy-related CO,
emissions in 2013. Therefore, the extent to which
industrial energy use is included in urban-scale
estimates can have a major influence on results in
many countries.

Geospatial data on the energy use of industrial
plants are rare. While plant locations are
sometimes known, associated data on fuel inputs
are typically not publicly available. However,
plant-level air emissions data may offer useful
insights in countries where such data are
available, such as the United States (US EPA,
20154, 2015b) and Canada (Environment Canada,
2015). For example, the geographical distribution
of energy-related air emissions might be used as
a proxy for the geographical distribution of on-site
industrial fuel use within a country.

As an example, the US Environmental Protection
Agency’s Greenhouse Gas Emissions from Large
Facilities Database and National Emissions
Inventory provide annual reported data on energy-
related emissions for thousands of US industrial
plants. Of the annual emissions of CO,, carbon
monoxide (CO) and nitrogen oxides (NO,) reported,
around two-thirds of the total mass of each

pollutant was released in a metropolitan county,
which is defined as one containing a core urban
area of 50 000 or more population (US Census,
2015). Within US metropolitan counties, however,
population density variations can exist in the areas
surrounding the reporting plant (Figure 3.5).

These data highlight that how an urban area

is defined can significantly affect the share of
industrial energy use attributed to urban areas.

In the US example, choosing a population density
threshold associated with an “urban cluster” or an
“urbanised area” would lead to smaller fractions of
industrial energy use and emissions assigned to
urban areas at the national level compared with
using the US metropolitan county definition of
urban areas. Roughly one-half of US metropolitan
county emissions fall below the “urban cluster”
threshold, while roughly two-thirds fall below the
“urbanised area” threshold.

Because plant-specific emissions data are not

yet reported across the many global regions
considered in the ETP 2076 analysis, urban value
added is used as a proxy for urban industrial
plant locations. If plant-level data emerge for
additional countries in the future, the accuracy of
global urban industrial energy use and emissions
estimates can improve accordingly.

5 This message is consistent with those of previous studies. In 2012, the Global Energy Assessment took a production
approach using urban energy models complemented with geographical information systems data to estimate that 60-80%
of global final energy use is attributable to urban areas (Grubler et al,, 2012). In 2008, the IEA World Energy Outlook used a
production approach based on global energy models and city-level data from a sample of key global cities to estimate that
urban areas account for 67% of global final energy use (IEA, 2008).
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Figure 3.5
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Note: Based on 1 625 reporting plants for CO, emissions in 2014, 8 890 plants reporting NO, emissions in 2011, and 8 628 plants reporting CO
emissions in 2011. Urban cluster and urbanised area density thresholds based on US Census (2000).
Source: US EPA (20153, 2015b).

Key point

Industrial emissions in US metropolitan counties span a large population
density range.

Sustainable urban energy systems help protect human health

In many of the world’s cities, there are two pressing human health challenges: energy poverty
and air pollution. Transitions to sustainable urban energy systems can simultaneously address
both of these challenges by providing widespread, reliable access to cleaner and more

ell cient energy systems.

Energy poverty refers to lack of access to affordable, reliable and clean sources of energy,
particularly for cooking and heating (IEA, 2010; IEA 2011). Traditional use of biomass

(e.g. wood, charcoal and dung) dominates cooking and heating in many developing world
cities, particularly in Sub-Saharan Africa. Energy poverty is widespread in cities, with
around 800 million of today’s 3.9 billion urban inhabitants (20%) living in poor conditions
with inadequate access to basic energy services, predominantly in low- and middle-income
countries (Grubler et al,, 2012). Even when cleaner commercial fuels are available, many
urban poor still struggle to pay for them.

Traditional use of biomass is also a leading cause of ill health from indoor air pollution
worldwide. The World Health Organization (WHO) estimates that in 2012, 4.3 million
deaths were attributable to household air pollution (WHO, 2074a). Almost all of these
deaths were in low- and middle-income countries, and the vast majority were in
Southeast Asia and the Western Pacific.® Providing affordable, reliable urban access

to cleaner commercial fuels for heating and cooking, including low-carbon electricity
and natural gas, must therefore be a policy priority for many low- and middle-income
countries as a means of alleviating energy poverty, protecting human health and lifting
urban dwellers out of poverty.

6 The WHO's Southeast Asia region includes Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Indonesia,
Maldives, Myanmar, Nepal, Sri Lanka, Thailand, Timor-Leste. The WHO’s Western Pacific region includes Australia, Japan,
New Zealand, Republic of Korea, Singapore, China and Viet Nam.

© OECD/IEA, 2016.
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Ambient (outdoor) air pollution is an equally severe health issue in many urban areas,
across high-, middle- and low-income countries. Ambient air pollution typically arises from
fuel combustion in vehicles, power plants, buildings and industrial plants and is worse in
congested areas with smog-prone climates and geographies. According to the WHO, 88%
of people in cities that report on air quality are exposed to air pollution levels that exceed
WHO air quality guidelines (WHO, 2014b).” Furthermore, about half of the inhabitants

are exposed to particulate matter (PM) levels at least 2.5 times higher than the WHO
guidelines (Figure 3.6) (Box 3.2).

PM,, levels for selected cities by region, 2008-12
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Key point

In many cities, air pollution levels signilcantly exceed WHO air quality guidelines.

Globally, 3.7 million deaths were attributable to ambient air pollution in 2012 (WHO, 2014b).
About 88% of these deaths occurred in low- and middle-income countries, with 70%
occurring in the Western Pacific and Southeast Asian regions where urban populations are
poised to grow significantly. Transitions to cleaner urban energy systems, particularly in
these two developing regions, would significantly reduce the health burden of outdoor air
pollution. Relevant policies and investments include supporting cleaner transport, energy-
el cient housing, clean power generation, industrial energy el ciency and fuel switching,
and better municipal waste management to reduce emissions from incineration.

Sustainable urban energy systems bring multiple benefits

Given their high concentrations of people and economic activity and their inluence

on national energy systems, urban areas play a key role in helping countries meet their
goals for energy technology innovation, energy security and infrastructure resilience.
Policies and technology investments that promote sustainable urban energy systems should
therefore be priorities for local and national policy makers.

7 WHO PM,; guideline = 10 microgrammes per cubic metre (pg/m?) annual mean; WHO PM,, guideline = 20 pg/m?®
annual mean.
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Is urban air pollution getting better or worse?

The WHO maintains an air quality database that
covers 1 600 cities in 91 countries for assessing
human exposure based on data from monitoring
stations, national and regional agencies, and other
credible sources. These data provide a unique
resource for establishing air quality trends in the
world’s cities, using ambient levels of PM,, and
PM, s as key indicators (WHO, 20144d).

WHO findings for cities for which there are
sufficient data to compare present and past levels
of ambient PM,;, show that for most people,

air pollution is steady or getting worse, across

developed and developing regions alike (Figure 3.7).

Figure 3.7

The WHO attributes these findings to many
factors, including reliance on coal-fired power
plants, dependence on private vehicles, inefficient
use of energy in buildings, and the traditional
use of biomass for cooking and heating. Despite
the overall global trends of stable or deteriorating
air quality in cities, significant progress has

been made in some cities within every region,
through policy measures such as banning the
use of coal for space heating in buildings, using
renewable or clean fuels for electricity production,
and improving efficiency of vehicle engines
(WHO, 2014c).
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Key point
cities.

Fostering innovation

Ambient air quality is not improving, or is getting worse, in many of the world’s

There are numerous examples of cities serving as living laboratories for clean energy
technologies and related polices, where successful demonstrations can lead to broad
replication within and beyond national boundaries (C40, 2015). Such demonstrations

can be critical for improving technology performance, reducing perceived risk, testing
policy instruments and encouraging additional investments — especially for early-stage or
disruptive technologies, which often have dil culty making the leap from R&D to market
deployment (IEA, 2015b). For example, the EV City Casebook documents many leading-

edge examples of policies and strategies aimed at increasing urban use of electric vehicles
(EVs) to meet local and national clean energy goals, including measures aimed at changing
personal transport preferences (Urban Foresight, 2014).

© OECD/IEA, 2016.
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Urban pilots and demonstrations also provide opportunities for cities to engage in public-
private partnerships, in which businesses provide and test their technologies, defraying
investment costs for local and national governments. These partnerships are good for

both cities and businesses, as they can stimulate the local economy, create jobs and offer
valuable “real world” test beds to companies for further technology improvements (Box 3.3).

m Yokohama Smart City Project

In Yokohama, the second-largest city in Japan
(population 3.7 million), rapid urbanisation has
increased energy use, traffic jams, pollution and
greenhouse gas (GHG) emissions. The Yokohama
Smart City Project (YSCP) strives to improve
management of energy use and mitigate
climate change.

YSCP began as a five-year pilot in three city districts
in 2010 with support from Japan's Ministry of
Economy, Trade and Industry as part of Japan's Smart
City programme. It has since been deployed to the
entire city, covering about 435 square kilometres. The
project uses smart grids to manage the energy needs
of households, buildings and local communities;
introduces large-scale renewable energy; and
promotes next-generation transport systems to
demonstrate new urban management forms.

The city introduced a Community Energy
Management System (CEMS) to achieve efficient
energy management by linking individual
emergency management systems (EMS),

such as in homes and buildings, factories, and
stationary energy storage. Specific achievements
included:

® EMS in 4 200 homes

® Introducing 2 300 electric vehicles

® Introducing 37 MW of photovoltaic generation
® 39 000 tonnes of CO, emissions reduction.

In addition, solar power generation will be

implemented in 265 locations, wind in two
locations, hydropower in four, and biomass power

generation in six locations. Consumers will receive
incentives to limit electricity use, thus reducing
CO, emissions at a lower social cost.

CEMS is based on a public-private partnership
between Yokohama City and 34 technology,
energy and management companies. These
innovative collaborations aim to provide
businesses with large-scale opportunities to
demonstrate and improve technology. They also
aim to increase the competitiveness of Japanese
industry, spur innovation and job creation,

and help Yokohama City to reach its goals of
reducing CO, emissions by 16% by 2020, by
24% by 2030 and by 80% by 2050 (compared
with 2005 levels).

Citizen participation is a key component of the
YSCP. For example, the Yokohama Eco School
project was developed to increase citizen
participation in YSCP and educate citizens

about climate change through lectures, events
and workshops. In 2014, 377 lectures were

held for 35 000 participants and 142 partner
organisations. This led to an increased number of
EMS, photovoltaic (PV) generation systems and
storage batteries installed in homes. Additionally,
4 000 households participated in the fiscal year
2014 demonstration project, showing a high
level of engagement and making YSCP one of
Japan's largest energy-saving projects. The project
encourages citizens to be more environmentally
aware by introducing EVs, reducing ambient air
pollution and promoting healthy lifestyles (City of
Yokohama, 2014).

Enabling energy security and resilience

Given urban predominance in national energy demand, economic activity and concentration
of infrastructure in many countries, many cities can be key enablers of improved national
energy security and resilience. The IEA defines energy security as the uninterrupted
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availability of energy sources at an affordable price. Achieving energy security requires the
energy sector to be resilient to a range of events or trends, including changing climatic
conditions, price shocks and geopolitical events. Resilience refers to the capacity of the
energy system or its components to cope with such changes and to respond in ways that
maintain its essential function, identity and structure. Lack of energy security can increase
the risk of supply disruptions as well as exposure to energy price volatility. The repercussions
for urban areas can be numerous, including loss of heating and cooling for buildings, loss of
critical health and public safety services such as water treatment and emergency services,
interruption of mobile communication, reduction in mobility, and the costly addition of peak

generation capacity.

ETP 2076 discusses a range of clean energy technologies and policies that can enable
greater energy security through such strategies as greater use of local energy sources,
integration of smart grids for optimising supply-and-demand relationships, DHC systems
to reduce fuel inputs, and reducing energy demand pressures through more eX cient
buildings and transportation systems. Implementation of these measures can not only help
decarbonise energy systems but also build resilience (Box 3.4). For instance, reducing total
and peak energy demand can limit the exposure of energy users to supply interruptions,
decentralising energy sources can improve the ability to buffer and localise outages, and
developing local energy sources can reduce exposure to fuel supply interruptions caused by

international geopolitical conllicts.

Resilience in urban energy systems

As the global energy sector begins to register the
effects of climate change, urban areas are on the
front lines — not only in feeling these impacts

but also in responding to them. The World Bank
estimates that over 80% of global costs for climate
change adaptation from 2010 to 2050 could be
carried by urban areas (World Bank, 2011).

Climate change has many different effects on
urban energy systems. Extreme weather events
pose risks to buildings and transport systems and
electricity infrastructure, especially transmission
and distribution systems. Many urban centres are
on or near coastlines, and face direct risks from
rising sea levels and flooding (Hanson et al, 2011).
Changes in water availability, coupled with a rising
demand for water, can constrain hydropower,
bioenergy (particularly irrigation-dependent biofuel
production) and the operation of thermal power
plants (fossil fuel and nuclear), which require water
for cooling. Variable renewable energy sources
such as solar and wind power can be affected

by changes in cloud cover, wind speed and wind
direction, as well as extreme weather events. These
impacts on the energy supply chain, including

fuel extraction and processing, may not take place
within urban centres but can be felt through fuel

price volatility and interruptions in fuel availability
within cities.

Climate change may also affect energy demand;
increased ambient air temperatures may be
further exacerbated in urban areas by heat island
effects. This may increase energy demand for
space cooling, and corresponding higher peak loads
may require additional generation capacity.

A range of local policy responses can help enhance
energy resilience in the face of climate change.
These include strengthening emergency response
measures in the event of extreme weather events,
upgrading building codes and zoning by-laws

(e.g. prohibiting building in high-flood-risk

areas), and building in redundant power capacity.
Measures such as enhancing energy efficiency
and demand-side management, diversifying the
energy mix and decentralising energy generation
can not only build resilience but also help achieve
sustainable urban energy system objectives.

A sound approach to enhancing energy sector
resilience will also include measures to mitigate
other risks, such as cyberattacks, market fluctuations,
political and social instability, and conflict.
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Understanding urban energy systems

Urban areas differ widely in terms of their population, population density, vintage,
economic activities and growth rates, climate and land use, but all depend on energy for
the various activities that take place within them. Urban areas themselves are systems of
interconnected networks and components, and the ways they produce and use energy is
also a system — an urban energy system.

It is necessary to understand the components of urban energy systems to identify possible
interactions between them. Breaking down an urban energy system into its components
also allows for the classification of urban energy systems into different types, and is the first
step to analysing drivers for energy use within a particular urban area or city.

The type of urban energy system determines available opportunities for policy makers to
create a sustainable urban energy system; certain factors, notably urban population density,
have a significant inkuence over those opportunities. ETP 2016 focuses on certain major
opportunities and policies that can work in most cases and address the greatest energy
sustainability opportunities: eX cient buildings and urban forms, el cient industrial processes,
public and non-motorised transport systems, renewable energy sources and energy integration
(Figure 3.8).8

Components of urban energy systems

While there are many ways of defining the components of urban energy systems, in ETP 2016
they are defined broadly as buildings (comprised of residential and services buildings),
transport (comprised of passenger and freight transport), heat and power, industry, water
treatment, waste treatment and agriculture (Table 3.1). The characteristics of these
components can further vary based on their specific locations within an urban geographical
area, ranging from high-density urban cores to lower-density peri-urban areas.

The components of an urban energy system are structured differently and interact in
different ways depending on how the system has developed. In many newer cities in
developed countries, for example, these components have often been designed to integrate
with one another according to a pre-defined urban plan. In contrast, there may be little
integration between energy system components in mature cities of developed economies
(particularly those that developed before the advent of urban planning), and in rapidly
urbanising developing economies, where planning laws are often non-existent or contravened.

Beyond the inkuence of an urban planning regime, certain key factors affect how urban
energy systems develop:

Affluence: The level of al)l uence (which can be defined as GDP per capita) within a city
can affect the energy system in several ways. First, energy use tends to be higher in more
all uent cities, where residents use their economic power to purchase more goods and
services, which often leads to higher energy use. Second, the level of al uence may affect
the costs associated with major energy system investments. For example, the cost of land
acquisition for building or expanding a public transport system in a highly aX uent city may
be prohibitively high, posing challenges for project financing. Third, the level of akl uence
can also affect the availability of human and economic capital available for making and
managing sustainable energy technology investments.

8 Sustainable energy transitions for the industry sector are discussed at the global level in Chapter 1.
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Key elements of sustainable urban energy systems
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Key point Compact urban forms, efficient buildings and transport systems, and low-carbon,
integrated energy networks all play a role in sustainable urban energy systems.

= Density: The population density of an urban area (generally defined as number of people
per square kilometre) is a major determinant of how energy system components develop. For
example, urban areas with high density may meet demand for housing by building high-rise
residential buildings. In densely populated cities with high demand for transport, capital-
intensive public transport options such as metro systems are also more economically viable.
Contrastingly, low density urban areas tend to contain lower-rise building stocks and public
transport options with lower capital costs such as buses.

= Building stock and infrastructure age: In well-established cities, such as in many parts
of Europe, the building stock may be older, often because of the desire to preserve historical
buildings' heritage value. This can lead to higher energy use, as such buildings were not
designed with modern energy uses in mind. This also affects the non-building components
of the urban energy system: the deployment of modern electricity, water and heat networks
may be limited by the need to service older buildings with outdated facilities. In contrast,

© OECD/IEA, 2016.
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new buildings can be designed to incorporate energy-eX cient technologies and to be more
compatible with modern energy and water networks. Similarly, the age of the transport
infrastructure can inuence transport sector energy use. For example, outdated roadway
systems can lead to vehicle congestion, sub-optimal passenger and freight logistics, and
greater fuel use due to poor road surface conditions.

Energy system components in urban, suburban and rural areas

Sector Urban core (high Suburban (medium Rural (low density)
to medium density) to low density)

Residential buildings Mostly densely clustered Large clusters of mixed Single-family dwellings in small
multi-family dwellings; lower multi- and single-family clusters, higher per-capita floor area;
per-capita floor area; higher dwellings; higher per-capita greater land use per dwelling.
consumption of goods and floor area; greater land use per
services in developed economies. dwelling.

Service buildings Mixture of high-rise and Predominantly low-rise Few low-rise buildings often clustered
low-rise commercial buildings, commercial buildings in large  in town centres; primarily DTC and
with full range of private and  and small clusters; greater small public sector buildings.
public sector services. presence of direct-to-consumer

(DTC) private sector services
(retail, etc.).

Passenger transport Mixture of private passenger Subways give way to light Private transport dominated by
vehicles, public subways, light ~ commuter rail, buses, and passenger vehicles; intercity rail and
rail, bus rapid transit and greater share of private bus lines occupy land.
conventional buses, and passenger vehicles; airports on
pedestrian and bikeways. city peripheries; walking and

biking less common.

Freight transport Predominantly short-haul diesel trucks for delivery from Long-haul diesel trucks, heavy rail, water
agglomeration sites at urban periphery, which are fed by and air transport goods between urban
long-haul trucks, intercity rail, water and air. centres and rural agglomeration points.

Heat and power High demand densities provide Lower density suburban areas  Large centralised power systems face
opportunities for integrated less attractive to integrated fewer land constraints, for both
heat, cooling and power heat and power systems; lower traditional and renewables, with long
systems with local generation; demand density and higher transmission distances to urban areas;
distributed renewable potential land availability make opportunities for district heating and
often limited by available land.  distributed renewables more its generation option (CHP or heat

viable. plant) depend on local demand for heat

by buildings and industry.

Industry Locations of heavy and light industries vary widely across world regions depending on industry structure,
demand and freight centres, settlement patterns, zoning ordinances, and local and national environmental
regulations; mining operations predominantly rural due to large land use.

Agriculture Small-scale urban farms may augment food supply. Larger-scale farms more common, using

significant fractions of rural land areas.

Water Drinking water and wastewater treatment plants located near population clusters; treatment scale
proportional to populations served; greater opportunity for energy recovery in large scale operations.

Waste High-density collection networks with locations of separations Low-density collection networks with

(sorting, recycling) and disposal (incineration, waste to energy, longer transport distances to centralised
landfill) facilities varying by city. separations and disposal locations.

® Land availability: In urban areas where land is plentiful and inexpensive, buildings
and infrastructure are often spread out. For the energy system, this “urban sprawl” has
historically led to higher energy use, as transport options were limited to inell cient modes,
utility networks experienced greater losses, and residents inhabited more Koor space per
capita. However, urban areas with high land availability are sometimes best placed to
benefit from modern distributed energy technologies, such as rooftop solar, having adequate
space to deploy them.
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® Economic structure: The economic activities within an urban area strongly affect the

components and scale of the overall urban energy system. For example, urban economies
dominated by the industry sector are generally more energy-intensive than those dominated
by the services sector, and can further require different fuel supply mixes with different
hourly energy demand profiles. Urban areas that serve as transport and freight hubs, such
as port cities, may have significantly higher demand for transport fuels than those with
predominantly industry or services sector economies. Urban areas dominated by services
may require greater shares of electricity and natural gas in the supply mix to provide
building energy services, often with much economic activity taking place in high-density
buildings in a central business district.

Climate: Climate directly affects the demand for heating and cooling services within an
urban area, and can also have a significant impact on the way energy system components
are integrated. For example, some cold climate cities utilise co-generation for integrated
provision of electricity and district heat.®

These factors can provide a useful way to identify differences between urban energy systems,
and for establishing different city “types” that help explain urban energy use patterns. For
example, a hot-climate, low population density and all uent urban energy system is common
in many Australian cities. The relationship between the type of urban energy system and
energy usage patterns is not always clear and requires careful analysis. In developing
countries, urbanites tend use more direct energy than rural inhabitants, while this relationship
is typically reversed in developed countries (Grubler et al, 2012; Lucon et al, 2014).

Sustainable urban energy systems

No single model of urbanisation is necessarily best; just as urban areas have developed
historically in different ways to form different “types” of energy systems, cities of the future
will develop not only according to the factors outlined above but also depending on their
different infrastructure starting points, social and cultural preferences, geography, and
political and institutional capacity to plan and manage growth.

The transition to sustainable urban energy systems will therefore require different solutions
for different contexts. New cities or expanding urban areas present the opportunity to plan
urban energy systems so that components are integrated to achieve sustainability goals.

In older cities, the high costs and limited possibilities of altering existing infrastructure may
prohibit a fully integrated approach, but retrofits can help. Starting points for constructing
sustainable urban energy systems can also be radically different; in the developing world,
many urbanites still lack reliable access to electricity and clean water, especially in
Southeast Asia and Sub-Saharan Africa.

Three urban energy system components have nevertheless been consistently identified as
key “levers of urban sustainability” across world regions: buildings, transport, and heat and
power. Specifically, dense and eX cient building forms; public transport systems augmented
with fewer but more el cient cars; and renewable energy, co-generation and waste heat
capture and re-use (Grubler et al,, 2012). Transitioning to more energy- and materials-

el cient industrial systems, along with fuel switching and use of innovative processes - such
as carbon capture and storage (CCS) — can be equally important sustainability “levers” in
urban areas with significant industrial activity, such as in China.

It is tempting to think that that these solutions may only be appropriate in highly developed
economies with many years of “technological learning”. But recent experience has shown that
rapidly growing cities can “leapfrog” to modern solutions, bypassing the intermediate steps
that other cities have taken, in part because it is easier to adopt cutting-edge technologies in
times of rapid transition, when change is frequent and acceptable. In contrast, the ability of

9 Co-generation refers to the combined production of heat and power.
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some long-established cities in developed countries to adopt new technologies is inhibited by
their long-term dependence on a particular development path.

Technological improvements are only part of the solution; systemic changes are often more
effective for improving el ciency. For example, increasing the share of people taking public
transport can save more energy than enhancing the el ciency of buses and trains, while
ensuring that people in multi-tenant dwellings take public transport can save more energy
than ensuring that families in the suburbs live in passive houses and drive hybrid cars
(Grubler et al.,, 2012).

Drivers of urban energy use

Energy statistics tend to be collected at a national level. Understanding drivers of energy
use at the urban level is much less developed, to a large degree due to the lack of data
collection that can support comparisons across cities and countries.

Drivers of urban energy use can nevertheless be organised and analysed as follows:

Drivers linked to the geophysical environment: The constraints imposed by a city’s location,
the prevailing climate conditions, or the resources at its disposal including proximity to other
economic centres.

Socio-demographic drivers: From the social and economic structure, to household
occupation, to cultural aspects which drive the growth of a city.

Drivers linked to the built infrastructure: The energy and transport infrastructure, the design
and density of buildings, and the degree of connection of socio-economic activity.

Institutional drivers: The architecture of urban governance, including the governance of the
energy system.

While these are distinct drivers of urban energy use, they are all linked and inXuence one
another through strong feedbacks and synergies. City location or prevailing socio-economic
structures drive the economic activity of a city, e.g. as service centres, or major transport
hubs. The institutional structure and governance of a city, or the characteristics of the
energy system, are in turn driven by the geophysical characteristics of a city.

Drivers linked to the geophysical environment

Climate is an important determinant of the amount of energy required to deliver urban
energy services, particularly when it comes to energy demand for heating and cooling
buildings, measured in heating degree days (HDD) and cooling degree days (CDD). The
relationship is shown in Figure 3.9 (upper left), for a set of 67 cities. Depending on the
el ciency of building envelopes, building design or secondary gains, the effect of climate
can be dampened. For instance, due to a highly el cient building stock, the specific space
heating demand (per capita) in Sweden, is only 15% higher than that of France, despite
having nearly 2.5 times the average HDDs.

Beyond the external climate, lifestyle and cultural factors affect thermal comfort demand
in cities. Above a certain income level, cooling becomes an increasingly important source of
energy demand. The lion’s share of future income growth will occur in emerging economies
in predominantly cooling regions with energy use for space cooling. In combination with
future temperature rise due to climate change, energy use for cooling is expected to be

a key area of energy demand growth. The diversity of thermal sinks and sources in cities,
and of energy carriers, can help integrate thermal comfort with other service demands

in a cost-effective manner (e.g. through district energy networks paired with heat pumps
and renewable energy sources, including excess heat from industry, or even sewage). For
example, urban DHC networks (via a steam-driven chiller) can lead to primary energy needs
10-20% lower than getting power, heat and cooling separately, but capital investments are
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high and often more economical in dense urban areas (see Chapter 4). The urban heat island
effect can also increase the use of energy for cooling buildings and contribute to smog
creation through higher ambient urban temperatures, both of which intensify the sustainable
energy challenge.

Figure 3.9 Selected drivers of urban energy use
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Key point

Cities are complex systems, with numerous drivers of energy use and CO, emissions.

Beyond climate, the geography and location of a city often determine its status as a
gateway, with associated energy use and emissions from air transport and shipping.

Socio-demographic drivers

In general, final energy use tends strongly to rise as income rises (Figure 3.9 [lower left]).
Household size (the number of persons per household) also affects energy use per capita.
More al uent individuals tend to opt for more energy-intensive lifestyles, including higher
usage of private transport, higher consumption of goods and services, and larger or
detached housing units. Above three persons per household, the relationship dampens
(Figure 3.9 [lower right]).

A comparison of 100 large cities shows that there is a strong correlation between density
and socio-economic factors (Bertaud and Malpezzi, 2003). Despite studies finding low or no
correlation between income and density, density can be strongly inluenced by the inertia of
social, cultural and economic factors, underpinned by the strong impacts of long-term urban
policy (Lefevre, 2009).
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Drivers linked to the built infrastructure

The two consumption areas directly connected to urban form and structure are transport
and housing. Urban form characteristics fix distances between locations for urban
activities, or encourage different travel modes. Other factors behind travel patterns
include population age, gender, all uence level and employment, as well as norms, values
and lifestyles. The emergent transport pattern (trip frequencies, choices of destinations,
modes of traveling and trip routes) is a result of people’s resources, needs and wishes,
modified by the constraints and opportunities of urban form characteristics as well as
other structural conditions of society.

Density of urban built infrastructure captures many of the dynamics of urban form

(Figure 3.9 [upper right]). Denser cities use — all other things being equal - less energy per
person in transport because average distances between residences, workplaces and service
facilities are shorter. Reduced trip durations between residences, work and service locations
in turn increase the opportunities for linking trip purposes, as well as shorter walking or
cycling distances and a greater incentive to use public transport. Densification can also
discourage private transport, for example as a consequence of narrower roads, higher
congestion and a reduced number of parking spaces.

Conversely, transport is more energy-intensive where extensive road networks encourage
private motorised travel, where public transport is inadequate, or where most people live in
the suburbs. In urban areas with low density, private transport dominates, with a concurrent
increase in the share of final energy demand for transport (higher than 65 GJ/person/yr)
(Lefevre, 2009). Low-density cities with lots of space devoted to roads cannot provide the
density threshold and access point convenience necessary for economically viable public
transport, leading to a vicious cycle as cities develop and more space is dedicated to roads
and low-density housing that comes with car ownership.

In urban areas of higher density, the distribution of modal shares is more balanced, with a
higher share of public transport - typically accounting for 40% to 60% of mobility demand
(Bertaud and Malpezzi, 2003). In such areas final energy demand for transport is between
15% and 25% that of low-density cities. Urban areas with an intermediate density are best
exemplified by European cities, where private transport has a relatively high share but the
distribution of transport is multi-modal, and where final energy demand for transport is 50%
to 75% that of low-density cities (Bertaud and Malpezzi, 2003).

Beyond impacts on mobility demand, how the built environment is designed, planned and
constructed can heavily inluence the thermal performance of an urban area. For instance,
building design factors such as orientation and thermal envelope technologies can have
long-term impacts on the urban energy system, given the typical lifespan of many buildings
and many building products. The type of building itself (i.e. whether it houses a single family
or many households), and how densely the housing units are packed, can greatly affect the
energy use of buildings. Urban zoning and opportunities for integrated, el cient energy
design in buildings can also affect building energy consumption.

High density enables more compact energy distribution networks, and opportunities for DHC.
DHC networks can take advantage of densities and economies of scale to meet heating and
cooling needs in a more resource-ell cient way than separate production units at each site of
demand. Low temperature DHC in particular, i.e. reducing supply temperature to 60-70°C, can
reduce distribution losses, and capture and utilise energy sources with lower thermodynamic
value like industrial waste heat, biofuels or municipal waste. It can also use heat pumping
technology more el ciently and improve resource utilisation through co-generation of heat
and electricity. Some technologies for district energy in particular, such as waste heat use
(e.g. from local industry, large service buildings or waste heat streams from underground
metro), only emerge as viable options in areas of high density.
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Potential for other urban energy supply options is also highly driven by density. Primary
energy supply in cities is mostly limited to solar radiation, and to a much lesser extent other
renewables like biomass, wind and geothermal energy. While the technical potential of
solar PV on roofs and facades can meet a considerable portion of urban electricity demand
(see Chapter 6), this potential is much more limited in high-density cities. In low-density
cities, the solar PV potential is higher but this is counterbalanced by higher final energy
demand for transport and for heating buildings.

High urban population densities can create risk for high concentration of air pollutants
(even with cleaner fuels like natural gas) that can be exacerbated by local meteorological
conditions. Density might also be correlated to urban heat island effects in cities (which
come from absorbing radiation and waste heat from energy use for air conditioning), and
can make power generation less el cient.

Matching urban energy service demands with urban
energy supply

Cities are vast, dense sources of energy demand, and supply sources within cities are
limited. Environmental or geothermal heat may be used for space and water heating in
buildings (see Chapter 4). The rooftop areas or facades of buildings can be used to produce
electricity in solar PV systems or to warm water in solar thermal modules.

Constraints on urban energy supply potential imply cities will have to rely to a great extent on
energy imports to meet their total energy needs. Electricity imports can come from distant,
centralised sources or more decentralised local sources on the city periphery. Centralised
supply options such as large power plants may provide benefits in term of economies

of scale, but may require transmission infrastructure. Fuel sources close to cities reduce
transmission needs, but may result in higher specific generation costs if plant sizes are
smaller. The choice between centralised or decentralised supply options may be inXuenced by
considerations other than cost, such as resilience against supply disruptions. Peri-urban areas
thus have a critical role to play (see Chapter 6).

Cities represent unique energy delivery circumstances including high density of loads,
variety and diversity of loads, and a breadth of distributed supply options. How urban
infrastructure is designed, built and operated can yield vastly different outcomes for energy
delivery. On the technology side, new developments in distributed energy resources are
changing the technical and economic conditions of energy networks. Distributed PV, storage,
electrification of heat and transport, and low-temperature district heating networks are
creating new challenges and opportunities at the local level.

ETP urban energy system scenarios

The ETP 6DS, 4DS and 2DS reveal that not only will urban areas continue to dominate
global energy use and emissions as the world’s populations and economies continue to
urbanise, but also that urban areas can play a decisive role in meeting global sustainable
energy and CO, emissions mitigation goals. The ETP scenario results suggest that many
energy savings and emissions reduction opportunities exist in the world’s urban areas
across the energy supply and end-use demand sectors. A key goal of ETP 2076 is to
explore how these opportunities can be seized, including through combinations of strong
national and local policy actions, accelerated clean technology deployment, behavioural
change, and greater vertical and horizontal integration of national, subnational and local
energy policies.
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Under the 6DS, global urban primary energy use would grow by about 70% - from 365 EJ
in 2013 to 621 EJ in 2050 - as large increases in urban populations and economic

activity boost demand for building energy services, mobility and industrial sector outputs
(Figure 3.10). Global urban CO, emissions also grow rapidly in the 6DS, from 23.8 Gt in
2013 to 35.7 Gt in 2050, an increase of about 50% (Figure 3.11). As largely an extension
of current trends, the 6DS demonstrates that the likely consequences of policy inaction are
rapidly growing energy use and emissions by the world’s urban areas, and significant risks
of locking in inel cient urban plans, built environments and energy technologies that may
impede transitions to sustainable urban energy systems for years to come.

Figure 3.10 Urban primary energy use and urban share of global by scenario
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Key point Under the 2DS, growth in primary energy use attributable to urban areas can be
slowed considerably.

In contrast, the sustainable energy system transformations envisaged in the 2DS can
decouple urban primary energy use growth from growth in both urban GDP and urban
populations. Under the 2DS, global urban primary energy use can be limited to 431 EJ

by 2050, representing only an 18% increase from 2013, while urban populations are
projected to increase by 67% and urban GDP by 230% over the same period. Global urban
CO, emissions are also decoupled from energy use under the 2DS, where urban CO,
emissions fall to 8.7 Gt in 2050, a 63% reduction from 2013 levels (23.8 Gt). The greatest
improvements are associated with urban buildings, for which 2050 CO, emissions in the
2DS are about 75% lower than in 2013 (inclusive of direct reductions in fuel, electricity,
and heat use and decarbonisation of electricity and heat supply). Urban CO, emissions
associated with the transport and industrial sectors are also substantially reduced in the
2DS, with each sector reducing its emissions by about 55% in 2050 compared with 2013.
Results for the 4DS exhibit substantial reductions in urban primary energy use and CO,
emissions compared with the 6DS, but with many untapped energy and emissions savings
opportunities compared with the 2DS.

In 2050, total urban CO, emissions in the 2DS amount to 58% of total global CO, emissions
(14.9 Gt), whereas total urban primary energy use in the 2DS amounts to a higher share
(65%) of total global primary energy use (663 EJ). Therefore, compared with non-urban
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areas in the 2DS, urban areas achieve a lower CO, emissions intensity per unit of primary
energy use, suggesting that, at the global level, urban areas have more opportunity for rapid
energy system decarbonisation than non-urban areas.

m Urban CO, emissions and urban share of global by scenario
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Note: CO, emissions from the power sector are distributed to the end-use sectors proportional to their use of electricity and heat.
Key point Under the 2DS, global urban CO, emissions can be reduced by around 75% in 2050

compared with the 6DS.

The substantial reductions in urban primary energy use and CO, emissions associated
with 2DS pathways underscore the importance of strong, near-term policy actions to
enable and accelerate sustainable urban energy system transitions. Many of these near-
term actions can be taken by national governments, and may be imperative for meeting
national energy sustainability goals in an increasingly urbanised world. Such near-term
actions include increased investments in energy technology RD&D; development of energy
el ciency standards for buildings, industrial processes and energy-using equipment that
inkuence urban energy use; supporting public-private partnerships to spur innovations and
urban technology diffusion; developing stronger national, subnational and local energy
policy synergies; and facilitating sharing and leveraging of best practices among urban
areas. These and other actions and opportunities are discussed elsewhere in ETP 2076 in
greater detail:

B Building energy use and CO, emissions can be substantially reduced through deep retrofits
of existing buildings to improve thermal performance (i.e. space heating and cooling
el ciencies); aggressive energy performance standards for new buildings; accelerated
adoption of el cient lighting, appliances and other energy-consuming equipment; and
greater use of DHC systems as part of an integrated, low-carbon, sustainable buildings
sector (Chapter 4).

B “Avoid, shift and improve” strategies can yield significant energy and emissions savings in
urban transport systems. Transport activity can be avoided through pricing policies and
urban planning related to density and urban form. Improving the viability of public transport
and non-motorised modes can help shift transport activity toward less energy- and carbon-
intensive modes. Vehicle el ciency can be improved through a range of policies, including
removal of fuel subsidies; fuel taxation; aggressive fuel economy and emissions regulations;
and greater diffusion of EVs (Chapter 5).
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= Urban energy systems can be made more sustainable through greater use of local energy

sources and through investments in infrastructure that deliver cleaner and more secure electricity,
heat and fuels, and that maximises integration opportunities using smart grids. Under the 2DS,
electricity becomes the dominant final energy carrier, while realising the technical potential for
rooftop PV could provide a sizeable share of the electricity required by cities in 2050. Greater use
of energy recovery from municipal solid waste, landfill gas, sewage and industrial excess heat can
provide additional low-carbon energy opportunities for cities. Standardisation and interoperability
of smart grids will be necessary to integrate energy systems (Chapter 6).

B The global industrial sector can significantly reduce its energy use and CO, emissions
by improving process energy el ciencies, switching to low-carbon fuels where feasible,
improving materials el ciencies, and adopting innovative processes including CCS
technologies. These transitions will require a combination of accelerated technology
deployment and assertive policy instruments (Chapter 1).

Furthermore, ETP 2016 analysis finds that achieving the 2DS for urban buildings and
transport systems in particular would not place significant burdens on the global economy.
For urban buildings, the additional cumulative investments required to achieve the 2DS
(compared to the 6DS) are estimated at USD 11 trillion between 2013 and 2050 (equivalent
to less than 0.15% of the cumulative GDP over the same period), which include investments
in el cient appliances, space heating, water heating, and space cooling equipment, lighting,
and building envelope measures. For urban transport systems, avoid and shift options in

the 2DS lead to negative additional cumulative investments of USD -21 trillion between
2013 and 2050 compared to the 6DS, driven by significant reductions in required passenger
vehicle purchases and associated passenger vehicle transport infrastructure investments.

The role of urban energy system policies

Tapping the significant energy and emissions savings potential that cities offer requires
overcoming several cost, regulatory, capacity, infrastructural and behavioural barriers to
sustainable energy deployment. Energy systems are characterised by a complex web of
interactions among national, subnational and local policy makers as well as businesses,
households and non-governmental organisations. Local planners, however, can lower these
barriers by leveraging a broad array of policy measures and tools. National policy makers
have a crucial role in ensuring support and ensuring that the required level of vertical
integration between the national and local level is in place to enable local policy makers to
successfully drive urban sustainable energy transitions (see Chapter 7).

Urban energy policy design depends on a range of local factors. For example, rapidly
growing cities in developing countries need to lift large populations out of poverty, so
improved energy access plays a critical role. This pressure may favour energy technology
solutions that can be deployed quickly and cost-effectively, rather than long-term policies
such as master urban plans. Such pressures must also be counterbalanced with the
recognition that technologies and urban plans deployed today can lead to path dependency
and technology “lock-in", which affects the viability of future energy pathways.

In the hands of national policy makers, some tools, such as carbon taxes or minimum
performance standards, affect the way energy is consumed and produced in cities and non-
urban areas. Other national policy levers can selectively target urban energy patterns. For
instance, national legislative frameworks can provide greater powers to cities in areas where
they have greater competitive advantage, e.g. in land use and local transport. National
policies for local land use and transport planning can provide cities with the legislative
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Table 3.2

powers, human resources and financial instruments necessary to implement integrated
planning. In a similar way, national or state legislation is often needed to enable innovative
utility business models to be tested or novel financial mechanisms to be rolled out. Support
from national governments can also include capacity-building programmes for local
planners, mandatory el ciency benchmarks for self-governing and funding programmes for
sustainable infrastructure investments.

These opportunities can be seized through greater alignment and synergies between
national and local policies. This vertical integration (Broekoff, Erickson and Lee, 2015) is
particularly important for small and medium-sized urban areas, which will absorb much of
the world’s future urban population growth, but typically have limited governmental capacity
and resources for comprehensive policy action.

Local policy makers have a wide range of options to support the uptake of sustainable
energy technologies. In this “horizontal approach’, policies can be classified according to

the degree of legislative assertiveness (carrot versus stick approach), the targeted groups
(e.g. residential energy users, enterprises), the dimensions of energy sustainability addressed
(e.g. climate change mitigation, air pollution, access to modern energy services), or the
functional areas of the city authority, where local city planners — in a similar way as national
policy makers — can play different roles as regulators, planners, enablers, or “green’ stewards
of municipal assets (Table 3.2).

Urban policy mechanisms to support sustainable energy diffusion

Self-governing

Schemes for improving
the energy efficiency of
existing municipal
buildings (e.g. internal
revolving funds).

Service provision

Setting minimum quotas for

renewable energy or
co-generation provided by
municipally owned utilities.

Enabling

Sustainable energy education
projects in schools.

Regulation and planning

Integrated land use and
transport planning. Strategic
plans in the areas of energy,
climate change, environment
and water.

Mandated construction
of near-zero or
zero-energy municipal
buildings.

Direct infrastructure
investments (e.g. district
heating networks, cycle
lanes).

Awareness and promotional
campaigns.

Mandatory installation of solar
water heating/solar PV systems
in new buildings.

“Greening” of municipal
vehicle fleet.

Facilitate co-operation among
stakeholders (e.g. public-private
partnerships).

Emissions and mileage
standards for public transport
vehicles (buses, taxis).

Green procurement rules
for energy-efficient
appliances.

Capacity building (e.g. training
of local technicians on
certification of building energy
performance).

Minimum energy intensity
standards for new buildings or
buildings undertaking deep
renovation.

Low-carbon, distributed
energy supply in public
buildings.

Road-user charging, congestion
charging, parking fees.

Property and land-value taxes.

Sources: Kern and Alber (2008); OECD (2010).

Policy measures can be bundled together in comprehensive urban plans that aim to enhance
several components of the energy system to achieve broad policy goals, such as improving
energy sustainability, economic development, environmental protection and social equity. Many
cities have developed sustainable energy plans or climate action plans that aim to improve
energy el ciency, reduce the carbon intensities of energy supplies and limit GHG emissions,
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often with concrete targets (e.g. for CO, emissions reductions by a given year). For example,

a number of global cities have committed to reporting emissions inventories, climate change
mitigation and adaptation plans, and annual progress towards emissions targets through
several reporting platforms such as the carbonn® Climate Registry (Deng-Beck and van Staden,
2015) and the CDP Cities Program (CDP, 2016). Structured guidance exists for cities to conduct
emissions inventories in a transparent and consistent fashion (GHG Protocol, 2015). Several
cities have issued broad sustainability plans that not only include energy and climate goals but
also aim to enhance liveability, innovation, social inclusion and economic development (Box 3.5).
A clear action plan with concrete targets is a critical way for urban policy makers to make
public commitments, improve transparency, and measure and communicate progress towards

sustainability goals. For example, in the European Union, the Covenant of Mayors initiative
(Box 7.1) has been supporting the design and implementation of Sustainable Urban Energy
Action Plans in hundreds of European cities.

m Smart City Wien Framework Strategy

In June 2014, the Vienna City Council adopted the
Smart City Wien Framework Strategy to establish
a long-term structural framework for governance,
plans and programmes to achieve its sustainability
goals to 2050 (Vienna City Administration, 2014).
The framework exemplifies several key ways cities
can realise their potential to make their energy
systems sustainable.

Holistic approach

The Smart City Wien Framework Strategy
recognises that for cities to prosper, long-term
energy system strategies need to meet several
social and economic objectives. The framework
encompasses three central objectives to achieve
the city’s holistic vision:

® radical resource preservation, which requires
intelligent use of resources and energy
efficiency in mobility, buildings, urban
infrastructure (waste, water and information
and communication technologies [ICT]), power
and the grid

® high and socially balanced quality of life,
which favours energy solutions that ensure
social inclusion, including affordable housing,
economic development opportunities, and access
to infrastructure and energy services

B innovation to accelerate transitions and enable
prosperity for all with particular focuses
on the economy, ICT, education, research
and science.

Clear goals and targets

To meet Vienna's three central objectives, city
planners included specific goals and timelines for
priority areas at a level that facilitates monitoring
and review. Goals and timelines related to climate
change were further aligned with overarching

EU targets to ensure vertical policy synergies.
These strategies help provide transparency, policy
stability and clear market signals to enable the
needed transitions. Some key examples of specific
goals include ensuring that:

m energy efficiency increases and final energy
consumption per capita decreases by 40% by
2050 (from 2005 levels)

m over 20% of Vienna’'s gross energy consumption
comes from renewable sources by 2030 and
50% by 2050

m commercial traffic originating and terminating
in Vienna is largely CO,-free by 2030

® all new structures, additions, and
refurbishments from 2020 meet cost-optimised,
zero-energy building standards.

Co-operation to find smart solutions
for complex problems

The Smart City Wien Framework Strategy was
designed with inputs from, and incorporates
co-ordinated actions among, all major departments
of city governance. This approach enables close
collaboration across departmental, thematic
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and even municipal boundaries to accomplish
increasingly complex tasks with tight resources.
The strategy comprises many core areas of urban
life, including housing, jobs, safety, education and
green spaces. It also strives to involve private and
municipal enterprises, as well as partners from
the economy, research, science and other fields to
achieve joint goals.

A focus on innovation

The Smart City Wien Framework Strategy
targets growth in innovation to enable its

energy transitions, a strong economy, and
leadership in research, education and quality
of life. The city aims to become one of the

five biggest European research and innovation
hubs by 2050, and to encourage 10 000 people
annually to set up enterprises in Vienna. The
city has placed a particular emphasis on ICT
for enabling economic growth while improving
sectors such as energy, transport, housing,
health, and environment for both inhabitants
and businesses. Vienna is investing in ICT pilot
projects, infrastructure, and a wireless local area
network across the city.

Cities can use a range of finance mechanisms to pay for sustainable energy investments
while modifying energy use. General tax measures such as property or land value taxes can
be structured to encourage compact and dense development (see Chapter 7). Congestion
charges, parking fees and high-occupancy toll lanes can significantly reduce the use of
personal vehicles while providing an important source of revenue to cities. User fees on
electricity and heat bills from municipal utilities can help overcome non-market barriers to

energy el ciency.

Furthermore, building permits and development fees can not only encourage compact
development but also stimulate a market for high-el ciency buildings. This goal could
be achieved by linking building permit fees to the certified energy performance of the
building, where the developer would pay the highest up-front fee based on the minimum
energy performance standard and then receive compensation after construction if the
certified energy performance is above the minimum. Innovative taxation approaches are
also increasingly being adopted by cities, such as land value capture and tax increment

financing.

Cities can also obtain funds for sustainable energy investments by borrowing from the
financial sector. Local authorities can negotiate interest rates on loans lower than would
apply to private enterprises, because the loan can be backed by the fiscal leverage of cities.
Municipal green bonds can also be issued to support new energy infrastructure.

Cities can greatly enhance the effectiveness of sustainable energy policies by participating
in international city networks (Box 3.6).

Technological change is the central driving force behind the 2DS, as well as the goal
of many sustainable urban energy system policy recommendations in ETP 2076.

Understanding the role of technological change requires policy makers to consider current
sources of urban energy demand and supply across relevant sectors, the effects of key
drivers of energy demand and supply choices (e.g. due to population and economic growth),
and the expected costs and benefits (e.g. energy savings and emissions reduction) of
different technology deployment scenarios. While some cities, countries and organisations
are making considerable progress on urban-scale energy statistics (CDP, 2016; UK DECC,
2015; WCCD 2016), many cities still lack the necessary energy use data, technology data
and analytical capacity for rigorous quantitative evaluation of policy options.
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International city organisations

Several international organisations have been created
over the past years to support cities in a variety

of ways, including capacity building (e.g. through
knowledge sharing and training), benchmarking

and facilitating access to funding. Three of these
organisations are the C40 Cities Climate Leadership
Group (C40), ICLEI—Local Governments for
Sustainability (ICLEI), and United Cities and Local
Governments (UCLG), which have partnered together
to create the Compact of Mayors.

C40 connects more than 80 of the world’s largest
cities, representing more than 550 million
people and one-quarter of the global economy.
C40’s mission is to tackle climate change and
drive urban action that reduces GHG emissions
and climate risks, while increasing the health,
well-being and economic opportunities of urban
citizens. Working across multiple sectors and
initiative areas, C40 convenes networks of cities,
providing a suite of services in support of their
efforts, including direct technical assistance;
facilitation of peer-to-peer exchange; and research,
knowledge management and communications.
C40 is also positioning cities as a leading force
for climate action around the world, defining and
amplifying their call to national governments

for greater support and autonomy in creating a
sustainable future (C40, 2016).

ICLEI is an international association of local
governments committed to building a sustainable
future, with over 1 000 member cities, towns

and metropolises in 86 countries. ICLEI supports
its members (which account for 20% of the
global urban population) in making their cities
sustainable. Established in 1990, ICLEI has

25 years’ experience in supporting local climate

action worldwide. ICLEI offers local and subnational
governments from around the world support

and access to: networking and peer exchange
opportunities; a knowledge and contact bank of
good practices, experts and solution providers;
institutional capacity building and technical
consulting on innovative technical, organisational,
financial and social solutions; information and
standards on sustainability; methodologies and
tools; and global advocacy services that aim

for the appropriate recognition, engagement

and empowerment of local governments as
governmental stakeholders in the global efforts.
ICLEI facilitates several thematic communities of
practice, including on building efficiency, district
energy and the 100% Renewable Energy Cities and
Regions Network (ICLEI 2016).

UCLG’s work programme is aimed at “increasing
the role and influence of local government and its
representative organisations in global governance;
becoming the main source of support for
democratic, effective, innovative local government
close to the citizen; ensuring an effective and
democratic global organisation” (UCLG, 2016).

The Compact of Mayors is a coalition of cities
launched at the 2014 United Nations (UN)
Climate Summit by UN Secretary-General Ban
Ki-moon and his special envoy for cities and
climate change, Michael R. Bloomberg. This
initiative was created under the leadership of C40,
ICLEI and UCLG with the support of UN-Habitat.
The Compact establishes a common framework
to assess the impact of cities’ actions through
standardised measurement of emissions and
climate risk, and also through public reporting of
efforts (Compact of Mayors, 2016).

To make more effective decisions, local and national policy makers need to invest in
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compiling robust urban energy statistics, including the required capacities and systems for
data collection, verification, storage and analysis. Further investments are needed in building
and maintaining the analytical capacities necessary for quantitative policy evaluation, which
can help policy makers pursue the most cost-effective and appropriate clean technology
pathways. Some cities are benefiting from the use of urban energy system simulations and
models to evaluate planning decisions (Box 3.7).
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Modelling of urban energy systems

Making the transition to sustainable urban energy
systems requires innovative policies to accelerate
deployment of clean energy technologies while
balancing economic, social and environmental
goals across different planning horizons. The
appropriate mix of policies, technologies and
implementation schedules varies widely based

on local factors such as resource availability,
government capacity, climate, affluence, and
trends in population and economic structure.

This complex web of considerations can make
decision making difficult for many urban planners,
especially those without strong analytical
capacities or data on local energy system
characteristics and trends.

Urban energy system models can reduce these
barriers by providing decision makers with a
virtual platform for assessing different policy

and technology strategies. Such models exist for
specific urban energy system components, such
as transport networks, and for more integrated
considerations of the built environment and
energy supply networks at the city scale
(Keirstead, Jennings and Sivakumar, 2012). Given
their complexity, many models are focused

on academic studies and research. However,
increasingly such tools are being made available to
decision makers for conducting “what if” analyses
and for exploring the energy use, emissions, and
cost implications of different urban planning
decisions.

For example, the Technologies and Urban Resource
Networks (TURN) model, developed by Imperial
College London was used to explore different
options for building efficiency and energy supply
improvements in Newcastle-upon-Tyne. A range

of options were considered on the demand side
(including improvements to insulation, windows
and occupant behaviours) and the supply side
(including renewables, CHP and efficient boilers).
The results highlighted priorities for the city,
including curtailing the growth of electricity
demand, installing efficiency measures as soon as
possible, and using domestic renewable energy
technologies, CHP and decarbonised grid electricity
(Keirstead and Calderon, 2012).

Another example comes from the Future Cities
Laboratory, part of the Singapore-ETH Centre

for Global Environmental Sustainability, a joint
venture between ETH Ziirich (the Swiss Federal
Institute of Technology) and Singapore’s National
Research Foundation. The Future Cities Laboratory
uses the stocks and flows approach to model the
urban metabolism in a modular way: typical stocks
and flows are people, water, material, energy,
transportation, finances, space and information.
Urban designers can create design scenarios that
then can be analysed with regard to stocks and
flows, and translate the results of simulations

into urban design. These activities, visualised and
recorded in a large simulation platform (Schmitt,
2013), led to the discovery of new relationships
between energy and other urban stocks and flows,
and their impact on quality of life in cities.

These examples underscore the important role
for models in urban energy planning decisions.
However, additional investments are needed to
continuously improve modelling methods, data
availability, decision relevance, and analytical
capacity in governments so that such models can
be incorporated into the decision making process
on a wider and more frequent basis.

Recommended actions for the near term

To take advantage of the significant potential of urban areas to contribute to the global
transition to cleaner energy systems, national and local governments should establish
governance structures that strengthen the enabling environment for clean energy
technologies at the urban scale. National government actions will be particularly important for
small and medium-sized urban areas where government capacities and resources are typically
limited. New government structures should emphasise greater alignment among national,
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regional and local policies (vertical integration) and greater collaboration and co-operation
between local agencies (horizontal integration), to meet environmental, economic and social
objectives simultaneously at both local and national levels.

Increased participation from local inhabitants and economic players should be fostered
to identify policy and technology solutions that meet the needs of all stakeholders. Such
participation can be facilitated by establishing holistic, inclusive, sustainable urban action
plans. Such plans should address a range of sustainability goals; define transparent
objectives, metrics and targets over the short and long term; and commit to regular
monitoring and evaluation of progress.

National and local governments should also seize the opportunity for cities to act as
innovation hubs and test beds for sustainable urban energy technologies and systems.

The density of human, economic and intellectual capital in cities can help accelerate clean
technology development and deployment by enabling connections between local private and
public entities with capabilities across the technology cycle. Governments should further
support and accelerate public-private partnerships for clean technology development,
demonstration and deployment, and commit to sharing and promoting best practices to
accelerate and broaden adoption of clean energy solutions.

The ETP 2016 2DS demonstrates that significant energy savings and emissions reduction
opportunities exist in the world’s urban areas across the energy supply and end-use demand
sectors. To achieve this transition, national and local governments must increase and
accelerate investments in clean technology RD&D, particularly for core technology areas
most relevant to urban energy systems: advanced building and mobility technologies, DHC
systems, smart grids, energy storage, and more energy- and materials-e}l cient industrial
production technologies.

At the local level, zoning policies should encourage greater population and employment
densities. Making cities denser can increase the economic viability of public transport
systems, reduce transport system energy demand by enabling greater use of non-
motorised transport modes (walking and biking), and provide energy-el cient, multi-family
residential living spaces. Denser cities should allow and encourage mixtures of residential,
commercial and industrial properties, while providing accessible and adequate green
spaces for urban inhabitants. National governments can assist local zoning authorities by
facilitating the sharing of best practices, expertise and urban planning guidance among
major urban areas.

To accelerate the transition to sustainable urban energy systems, policy makers require
robust urban energy statistics so they can identify and prioritise major contributors

to energy use and emissions, establish energy and emissions baselines, and monitor
and communicate progress towards national and local energy and emissions goals.
National and local governments must invest in data collection, processing and analysis
capabilities to generate urban-scale data on an ongoing basis. This will also enable
benchmarking and comparison of urban energy use and emissions at national, regional
and global levels.

Substantial investments are also needed to develop and maintain urban energy system
models and planning tools that can improve the robustness of urban planning decisions and
enable complex, multi-criterion planning decisions. It is equally important to invest in building
and maintaining institutional analytical capacities for using such data and tools, to enable
more robust and effective urban energy technology and policy decisions.
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Energy-Efficient Buildings
in the Urban Environment

Rapid expansion of the global built environment and ownership of energy-
consuming technologies will have a major impact on building energy use
to 2050. Urban areas offer an important opportunity to improve building
energy efficiency and realise low-carbon, integrated energy communities.
A specific focus is needed on technologies and policies for low-energy new
buildings and deep energy renovation of existing buildings.

Key findings

® The global buildings sector consumed
nearly 125 exajoules (EJ) in 2013, or over
30% of global final energy consumption,
accounting for nearly one-third of global
carbon dioxide (CO,) emissions when
upstream power generation is included.
Total energy consumption in urban buildings
was an estimated 78 EJ, or more than 60% of
total building final energy use.

B Urban building energy consumption under
the 6°C Scenario (6DS) grows by as much as

70% over 2013 levels, meaning that more
than 90% of expected energy growth in
global buildings is likely to occur in urban
areas. In developing countries, urban building
energy consumption more than doubles by 2050.

® Urban CO, emissions increase from
7.5 gigatonnes of CO, (GtCO,) in 2013 to
nearly 12 GtCO, in 2050 under the 6DS.
Roughly 85% of urban building CO, emissions
come from upstream power generation in 2050
(compared with 75% today), due to continued
growth in urban electricity demand.

B Space heating and cooling continue to
be critical areas of needed action. Space
heating accounts for more than one-third of

© OECD/IEA, 2016.

global building energy use and continues to be
the largest end use in both the 6DS and the 2°C
Scenario (2DS) to 2050. Space cooling, while a
smaller portion of energy demand in buildings
today (roughly 5%), is the fastest-growing end use
and could increase by as much as tenfold in some
regions if concerted effort is not made to improve
building envelope and equipment efficiencies.

If aggressive energy efficiency policies
are pursued in line with the 2DS, urban
building energy consumption is reduced
by 30% in 2050 compared with the 6DS.
Urban areas account for more than 75% of
global building energy reductions under the 2DS.

Energy efficiency measures and fuel
switching away from fossil fuels under
the 2DS lead to a 50% reduction of direct
CO, emissions in urban buildings in 2050
compared with the 6DS. Indirect emissions
(from upstream generation of electricity and
commercial heat) decrease by 93%. The majority
of CO, emissions savings in urban buildings are
achieved in space heating and cooling.

Low-energy new buildings, deep energy
renovations of existing buildings, and
low-carbon, energy-efficient heating
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and cooling technologies are the most
important means to reduce emissions
from buildings in urban areas. Energy
efficiency measures in buildings can also
achieve multiple benefits for local communities,
including job creation, improved air quality,
more affordable energy, reduced maintenance
costs and more stable energy networks.

B While zero-energy buildings (ZEBs)
and near-zero energy buildings (nZEBs)
are technically feasible in urban areas,
challenges (e.g. high urban densities and
limited on-site renewable potential) may

Opportunities for policy action

limit their achievement. Efficient district
heating and cooling (DHC) in combination with
heat pumps and renewables, can play a vital
role in achieving low-carbon and even carbon-
neutral communities.

B Integrated building and district energy

measures can help cost-effectively meet
energy and emissions targets to 2050.

A strategic long-term vision will be necessary

to encourage the effective planning and
implementation of building renovation measures
with district heat network investments.

B Local planning and policy design can play
an important part in meeting targets related
to building energy efficiency. This influence
includes local enforcement of mandatory
building energy codes. Further energy savings
can be achieved with voluntary initiatives,
labels or incentives to engage local consumers
and building stakeholders.

and capacity tools is an important first step to
enabling local action.

B [n mature economies, urban densification and

B One critical policy is the promotion and regulation -

of more efficient building energy-consuming
equipment (e.g. appliances, lighting and heating
equipment) through labelling and minimum
energy performance standards (MEPS). Currently,
only 30% of energy consumption in the buildings
sector is covered by enerqy efficiency regulations.
This level of coverage needs to be expanded

to apply to the majority of building energy-
consuming equipment and end uses.

B National policies have substantial leverage
to enable effective, sustainable urban energy
planning through the setting of mandatory
MEPS and building energy codes. These policies
can also provide transparent, consistent
approaches to urban areas that may not have
the resources or capacity to design their own
standards or labelling programmes.

B [n emerging markets, new construction in
cities offers a unique opportunity to address
increasing energy demand through energy
efficiency measures, building design and urban
planning. National support to provide training

deep energy renovation of existing buildings

can reduce the energy footprint of the buildings
sector. Financial and regulatory tools can enable
market conditioning and widespread adoption of
deep energy efficiency measures.

National and local governments can support
advanced building components and energy-
efficient technologies through appropriate pilot
programmes and financial incentives to help
establish local market demand.

With national support, city governments can

lead through deep energy renovation of public
buildings. Local energy efficiency programmes and
incentives (e.g. low-interest loans, tax rebates, and
zoning or planning exemptions) can also support
deep energy renovations in the private sector to
ensure that the process becomes widely available
and is standard practice.

The integration of modern district energy
networks and energy-efficient buildings, in
combination with heat pumping technologies
and renewable energy sources, can be a
valuable opportunity to achieve cost-effective,
low-carbon communities in urban areas.
Greater co-ordination and financial support
are needed to create a long-term stable
market for building and district energy
stakeholders.

© OECD/IEA, 2016.
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This chapter outlines the rationale and strategic opportunities for energy efficiency

action in urban buildings with respect to 2DS objectives for a sustainable, low-carbon
buildings sector. It recommends actions that need to be taken up to 2050 to achieve those
objectives relative to the three Energy Technology Perspectives 2016 (ETP 2016) energy
scenarios:

the 6DS, in which building developments beyond current policies are limited and technology
improvements continue to be incremental

the 4°C Scenario (4DS), which takes into account building energy policies that would
improve the energy efficiency of most end-use technologies but that would not sufficiently
address deployment of advanced building technologies or deep energy renovations across
existing buildings

the 2DS, which is consistent with the goal of limiting the global average increase in
temperature to 2°C and includes deployment of highly efficient building energy technologies
along with rigorous building energy codes and deep energy renovations of the existing
building stock before 2050.

The following sections examine the chief energy technology and policy priorities for urban
buildings as well as policy actions needed to realise the anticipated energy and emissions
reductions to 2050 under the 2DS. The chapter focuses on space heating and cooling
demand in urban buildings, as that demand accounts for a major portion of building energy
use. Three detailed case studies in Sweden, Italy and China explore cost-effective, integrated
technology options for meeting low-carbon, energy-efficient heat demand. Finally, the
chapter considers market conditions and policy recommendations needed to put cities and
the global buildings sector on a 2DS pathway.

The global buildings sector consumed nearly 125 EJ in 2013, or over 30% of total

final energy consumption’ for all sectors of the economy, with global building energy
consumption having increased by 35% since 1990. Nearly three-quarters of building
energy use was consumed in the residential subsector alone.? Buildings also accounted
for half of global electricity demand, with electricity consumption increasing by more
than 500% in some regions since 1990. When upstream power generation is taken
into account, the buildings sector represents slightly less than one-third of global

CO, emissions.

Space heating and cooling demand continues to be a critical area of needed action in

the buildings sector. Space heating currently accounts for more than one-third of global
energy use in buildings and will continue to be the single largest energy-consuming end
use to 2050 in both the 6DS and the 2DS. Space cooling, while a significantly smaller
portion (roughly 5%) of energy demand in buildings today, is the fastest-growing end use
in buildings and could increase by as much as tenfold to 2050 in some warm-climate,
rapidly emerging economies (e.g. Mexico and India). This growth will also have an important
effect on the grid, because peak electricity demand for space cooling can stress ageing or
at-capacity power sector infrastructure. Concerted effort is therefore needed to improve
building envelope efficiencies and to reduce growing global demand for mechanically
conditioned thermal comfort.

Globally, building energy performance (as measured by final energy per floor area) has
improved since 1990 - from an annual average of more than 230 kilowatt hours per square
metre (kWh/m?) in 1990 to roughly 160 kWh/m? in 2013. Development and enforcement of
building energy codes and energy efficiency policies have helped to offset growth in total

1 Energy consumption here refers to final energy use, unless otherwise noted.
2 See Chapter 1 on the global outlook for additional details on global buildings sector energy consumption.
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Figure 4.1

energy consumption. However, the simultaneous effect of growing global wealth, which
typically corresponds to demand for larger spaces (i.e. more square metres per person),
smaller household® size (i.e. fewer persons per household), and increased demand for energy
services and comfort, have offset many of those efficiency gains. As a result, overall building
energy consumption on a per capita level has remained practically constant at 5 megawatt
hours (MWh) per person per year since 1990. Some countries, such as the United States,
Sweden and France, have been able to reduce energy consumption per person through
aggressive building energy policies, but most countries have not decoupled building energy
use from population growth (IEA-IPEEC, 2015). In many developing regions, and even in
some developed countries, energy use per person has increased since 1990 (Figure 4.1).

Building final energy consumption and intensity per person
in select regions

EJ

1990 2013
United States |European Union China India ASEAN Middle East Africa Energy per capita

Coal

m Oil

m Commercial heat

| Electricity

MWh/capita

M Natural gas

Solar

H Biofuels

1990 2013 | 1990 2013 | 1990 2013 | 1990 2013 | 1990 2013 | 1990 2013

Notes: Figures and data that appear in this report can be downloaded from www.iea.org/etp2016; ASEAN = Association of Southeast Asian Nations;
Commercial heat refers to heat produced for sale (e.g. district heat) and that is available for consumption by final end users; Biofuels mainly comprise
traditional sources such as fuelwood, charcoal, agricultural waste and dung; Figures and data that appear in this report can be downloaded from

www.iea.org/etp2016.

Source: [EA (2015a), IEA World Energy Statistics and Balances (database), www.iea.org/statistics.

Key point

Few countries have decoupled building energy use from population growth. Energy
efficiency is crucial to offsetting building energy growth while still providing comfort
and improved quality of life.

Urbanisation has also played a strong role in building energy trends since 1990. In developing
countries, urbanisation is typically associated with increased access to and use of energy
services, resulting in less use of biofuels (e.g. traditional solid biomass and dung) for heating
and cooking and increased use of electricity. Globally, traditional use of biomass and other
biofuels consumption in the buildings sector decreased by 6% in 1990 to 1.3 MWh per
person in 2013. Average electricity consumption per person increased by more than 65%

to 1.5 MWh per person during the same period (Figure 4.2).

In rapidly emerging economies, such as China, India and Indonesia, electricity use per
capita increased as much as threefold (India) to fourteen-fold (China) since 1990. Annual
biomass consumption per person decreased slightly in each country during the same period.
These trends can be explained partly by strong policy focus on electrification and energy
access over the past two decades and less focus on improving the efficiency of biomass

3 The terms “household” and “dwelling” are sometimes used interchangeably. For statistical purposes, “household” is used in
this chapter. Any reference to “dwelling” simply refers to a place of residence (which may or may not be the principal place
of residence for a household).
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use (e.g. through clean cook stoves). Given that the population of developing countries is
expected to increase by another 40% by 2050 (UN DESA, 2013), significant effort is needed
to expand current urbanisation and building energy policies to enable energy efficiency that
improves comfort and quality of life.

Changes in key energy drivers of building energy consumption

Figure 4.2 .
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Note: The graph does not provide information on the relative contributions of various drivers to building energy use, but rather shows various trends for
building energy use relative to population growth.

Source: Population: UN DESA (2013), World Population Prospects: The 2013 Revision, Medium-Fertility Variant; UN DESA (2014), World Urbanisation
Prospects: The 2014 Revision, calculations derived with IEA (2015a), IEA World Energy Statistics and Balances (database), http://dx.doi.org/10.1787/
data-00512-en.

Key point Globally, electricity growth in the buildings sector has been linked to urbanisation.
Aggressive energy efficiency measures will be critical to decoupling this trend.

Several energy policy measures can act together to decouple global population growth,
increasing wealth and expected urbanisation trends from aggregated building energy
consumption. These measures include:

® rigorous and enforceable building energy codes for new construction

® building energy codes and/or mandatory energy performance standards for existing
buildings when they undergo renovations

B appliance standards and labelling

© OECD/IEA, 2016.
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= whole-building rating, labelling and disclosure programmes

® educational programmes and capacity building”.

Additionally, energy policy measures that reflect the true costs of energy to end users
(e.g. phasing out of fossil fuel subsidies) can encourage energy efficiency and energy
conservation. However, these policies can be controversial.

Many buildings sector energy policies and technology priorities are set on the national scale,
but cities can play an important part in meeting 2DS objectives to 2050 (Box 4.1). As a policy
bridge from national to local building stakeholders, municipal authorities serve a vital function
in implementing, monitoring and enforcing building energy policies. This function can include
local building energy codes for new construction and existing building renovation, which
contribute to reducing space heating and cooling energy use for thermal comfort in buildings.

C40 cities: Leading by example

The C40 Cities Climate Leadership Group was
established in 2005 as a global network of large
cities that are developing and implementing
policies and programmes that lead to measurable
reductions in greenhouse gas (GHG) emissions
and climate risks. The C40 network now consists
of more than 75 megacities, representing more
than 550 million people and roughly one-quarter
of global GDP, which have undertaken more

than 10 000 actions since 2005 to reduce urban
emissions and climate risks.

Among these actions are several building
performance measures to promote energy-efficient
building designs and regulations that will facilitate
an improved building market that values energy
efficiency. Many cities have implemented measures
to reduce energy consumption in municipal
buildings, which account for an estimated one-
third of C40 cities’ building energy consumption.
For instance, Paris, France, has committed to
reducing energy consumption and CO, emissions

in municipal buildings by 30% by 2020 compared
with 2004 levels, including deep renovations of 600
public schools to reach a target of 65 gigawatt hours
(GWh) of energy savings per year. 39 C40 cities

in 2015 (compared with 10 in 2011) are now
implementing building energy management
systems in municipal buildings and facilities.

Other cities have introduced broader public
programmes to improve energy efficiency in

the entire local building stock, including both
residential and commercial buildings. For
example, Melbourne, Australia, implemented a
series of both voluntary and mandatory building
energy codes to support its target of being a
carbon-neutral city by 2020. These measures
include the 1 200 Buildings Program, which
provides funding support to owners of commercial
and non-residential buildings who commuit to
achieve at least a 38% improvement in energy
efficiency:.

Data reporting and benchmarking in commercial
buildings have become increasingly popular
among C40 cities, with 30 cities implementing
this type of action in 2015, compared with

just 10 cities in 2011. The C40 network is also
helping cities to exchange information and share
experiences to support action on improving
building energy efficiency. This effort includes the
C40 Municipal Building Efficiency network that
was launched in 2014 to identify technologies
and energy efficiency financing mechanisms for
public buildings. Similar networks were created
for private building energy efficiency and district
energy systems.

To date, more than 2 215 actions have been taken
by C40 cities for energy efficiency and emissions
reduction in the buildings sector (C40 and ARUP,
2015). More information can be found online at
www.c40.0rg.

4 Further information can be found in the IEA Policy Pathway Energy Performance Certification of Buildings (IEA, 2010a),
Monitoring, Verification and Enforcement (IEA, 2010b) and Modernising Building Energy Codes (IEA, 2013c).
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Cities are also often at the forefront of building energy efficiency, with some cities going
beyond national energy policy measures and implementing innovative responses to energy
and sustainability objectives. As the home to half the world’s population and an estimated
80% of global gross domestic product (GDP), urban areas tend to be the first places to adopt
new building technologies, from energy-efficient lighting and appliances to heat pumps and
advanced district heat networks with integrated renewable energy. Greater support of local
energy efficiency action, including developing the right policy and market measures to value
innovation in urban buildings, can help to maximise the energy efficiency potential in the
buildings sector.

Urban building variability and the effects
of urbanisation

The physical characteristics and energy usage patterns of the global buildings sector
are highly diverse, although several common building types exist in most urban areas.
In the residential subsector, dense urban centres typically have multifamily, multistorey
(i.e. greater than three storeys) buildings. Lower-density urban areas and peri-urban
(suburban) areas more often have multifamily low-rise and single-family homes. Each
residential building type can have very different demand for both heating and cooling,
depending on local climate, vintage and material choice, while core energy loads for
refrigeration, water heating, cooking and cleaning are typically tied more closely to the
number of occupants.

Commercial and public services subsector building types similarly have large differences

in energy consumption and performance intensities depending on the building type and
purpose. The food service industry, hospitality industry, hospitals, shopping centres and
office buildings with large glass facades often have high energy intensities, whereas
warehouses, libraries, schools and general office buildings often have low or moderate
energy intensities. Building design — for example, the choice of operable or inoperable
windows with mechanical heating, ventilation and air-conditioning (HVAC) systems — and
operations (e.g. control- or sensor-based variable temperature space conditioning in lieu of
time-based conditioning) can also significantly affect building energy demand. Some modern
buildings, even with advanced, energy-efficient technologies, can actually have very high
energy intensities when compared with older, more traditional buildings as a result of design
and building operations (IEA-TU, 2015).

Conducting more detailed analyses of building types and intensities, urban planners and
policy makers can prioritise specific building stock segments for policy intervention. For
example, one building segment in Turin (Italy) represents a large portion of that city’s
residential building stock and energy consumption (Figure 4.3).> Multifamily, high-rise
buildings constructed prior to 1980 account for more than 70% of total residential floor
area and roughly 70% of total energy consumption for space heating.® These buildings also
have an average space heating energy intensity (final energy) above 150 kWh/m?. Pursuing
deep renovations and energy efficiency measures in these buildings would, therefore, offer
substantial energy savings.

5 Residential buildings account for roughly 56% of the total number of buildings (ISTAT, 2015) and more than 40% of total
final energy consumption in Turin (City of Turin, 2014).
6 Space heating accounts for more than 60% of residential energy consumption (Fracastoro and Serraino, 2009).
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Figure 4.3 Building stock and heating intensity by type and vintage in Turin
16 ® 480
1 2
4 = 420
12 360 Building stock
~ (]
£ 10 e = 300 o
§ Y S — 240 g
2 G o...9» ° 180 ~
O O ° ° )
A o e 120 @ Heating intensity
- . 9. (]
2 S ® 60
0 0
o o wn < o o wn < o o [¥a) < o o wn <
2 g § 8|3 g § &3 g § s|3F g § 3
g a o o [ a (=] o [ a o o g a o o
-~ - i Ll
Multifamily high-rise Multifamily low-rise Single-family attached Single-family detached

Note: m? = square metre.

Source: Mutani, G. and G. Vicentini (2015), “Buildings’ energy consumption, energy savings and the availability of renewable energy sources in urban
contexts: The potential of GIS tools”, Journal of Civil Engineering and Architecture Research, www.ethanpublishing.com/index.php?m=content&c=index&a=
show&catid=230&id=579.

Key point Data collection and analysis can help to identify key building stock segments that
can be used to prioritise policy action and programme development in support of
large energy savings.

Global urbanisation to 2050 is likely to have important implications on building stock
variations and energy consumption patterns. In developed countries, migration from
rural or suburban areas (typically single-family homes) to denser urban areas (often
attached or multifamily dwellings) could result in significant reductions in building energy
consumption, because non-urban single-family homes often have much higher energy
footprints per household or per person than multifamily dwellings (Table 4.1). This
difference is partly because of larger floor areas in non-urban single-family homes as
well as greater exterior surface area per dwelling (often referred to as the shape factor),
both of which play an important role in household space heating demand. Conversely,
urban multifamily buildings can be more energy-intensive for cooling loads (since they
are denser, with more people and equipment per unit of floor area) and can have greater
internal heat gain than a single-family house. However, because heating loads are
generally far more intensive in temperate or colder regions than cooling loads in warmer
regions, the net effect is that urbanisation (and urban densification) in many developed
countries has a positive effect on overall thermal loads and energy consumption for
heating and cooling.

In emerging economies and developing countries, urbanisation is likely to have a mixed
effect on energy consumption and intensities in buildings in the coming decades because
of the various effects of rural-to-urban migration on energy demand and fuel choice.
Traditional use of biomass in rural areas (and even some urban areas) is still very common
in many developing countries. In some countries, traditional use of biomass can even
increase in some urban areas because of easier access (e.g. to charcoal) and greater
affordability (in terms of share of household income).
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Typical urban and non-urban household characteristics

Table 4.1 . . .
and energy intensities for select countries
United States Sweden China India

Multi- Single- Multi- Single- Urban Rural Urban Rural

family*  family* family*  family* (average) (average) (average) (average)
Persons per household 1.9-2.3 2.5-2.8 1-23 1.6-2.6 2.8 39 4.6 4.9
Floor area per household (m?) 79-102 101-231 45-84 120-220 76 144 47 54
Energy use (MWh/household) 14-22 20-31 11-14 19-30 6.6 16 79 9.2
Electricity use (MWh/household) 6.4-7.2 9.1-135 2.0-46 4.7-23** 2.2 1.0 1.4 0.7
Energy intensity (KWh/m?2)*** 177-215 134-197 115-156  88-140 88 110 146 170
Energy use (MWh/person) 7-10 8-11 7-9.5 6.5-10 2.3 4.1 1.7 19

*Single-family and multifamily households are not explicitly urban or rural. Multifamily residential buildings are more likely to be in urban and suburban areas
with increased density of households per building, often occurring as a region urbanises. Single-family households are also more likely to be rural or suburban,
as is the case in the United States and Sweden. **Many single-family households in Sweden are heated directly using electricity. Many have installed air-to-
air and geothermal heat pumps. Absent these technologies, household electricity use can be high. *** Total household energy use per m? does not accurately
represent the effect of energy intensity differences in single- and multifamily homes, as water heating, cooking, appliances and other plug-load energy uses
are typically tied to household occupancy.

Note: Energy intensities can vary significantly across residential building types, designs and locations and because of occupant behaviours. Typical energy
consumption is reported as final energy.

Sources: United States: US DOE (2014), Buildings Energy Data Book, and US EIA (2009), Residential Energy Consumption Survey, elaborated by the
International Energy Agency (IEA); Sweden: SEA (2013a), Energistatistik for flerbostadshus (Energy Statistics for Multifamily Buildings) 2012, and

SEA (2013b), Energistatistik fér smdhus (Energy Statistics for Detached Houses) 2012, elaborated by IEA; China: TU (2014), 2014 Annual Report on

China Building Energy Efficiency, elaborated by IEA; India: Government of India (2012), Census of India 2011, elaborated by IEA.

While traditional use of biomass may still be common in some urban areas in developing
countries, it often is strongly correlated to income and access to modern energy services
and amenities (e.g. electricity networks and appliance ownership). Urbanisation, and
increased access to energy networks and commercial fuels, is therefore likely to lead to
reduced traditional use of biomass. Because the energy intensity of traditional use of
biomass (e.g. for heating and cooking) is very high compared with the same activities
performed using modern commercial fuels or even using clean cook stoves with solid
biomass (IEA, 2013a), the net effect of rural populations moving to urban areas is expected
to be a reduction in household biomass intensity.

At the same time, urbanisation, access to energy networks and the effect of increasing
wealth will all likely increase household demand for energy services and activity. For
instance, urban households in developing countries often use more lighting (in terms of
hourly usage and lumens per m?) than do rural households, because energy costs are
typically a much smaller fraction of urban household income. Space heating and cooling
demand and hot water usage also typically increase with urbanisation, since households
have greater purchasing power and can afford greater comfort. Appliance ownership and
usage similarly increase in urban areas in developing countries. Urban household energy
intensities — in terms of use of modern commercial fuels — therefore are usually significantly
higher than in rural households.

The net effect of urbanisation in developing countries — accounting for changes in energy
behaviour, household purchasing power and shifts from traditional use of biomass to
modern commercial fuels — will have a significant impact on buildings sector energy use and
intensities as household demand for services and comfort in emerging markets continues
to approach levels similar to developed countries. While rural-to-urban policy development
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goes beyond core building issues, policies that target high-efficiency building construction,
efficient consumer choices and energy-efficient behaviour can also help to meet related
development objectives (e.g. economic prosperity and improved health), because energy
efficiency measures can have multiple benefits to society.’”

Urban building energy demand

To assess the contribution of urban building energy demand and efficiency potential, global
urban building energy consumption has been estimated across the residential and services
subsectors and the major end uses (space heating and cooling, water heating, lighting,
cooking, appliances and other equipment).®2 A general modelling methodology was used to
distribute energy consumption by end use and fuel type to urban and non-urban buildings.
This methodology uses best available information in IEA datasets and the IEA Energy
Technology and Policy buildings model. Secondary analysis was applied where quality data
are not available.®

Urban building energy drivers

Historically, several factors have played a significant role in energy demand in the buildings
sector, including population, economic activity (as expressed by GDP), buildings sector size
(e.g. floor area and number of households), building energy policies and other factors, such
as climate and energy prices (IEA-IPEEC, 2015). The extent to which each factor contributes
to building energy consumption differs from country to country, within countries, and across
social, economic, geographic and demographic characteristics.

The global building stock accounted for an estimated 212 billion m? in 2013, of which more
than 80% was residential floor area across as many as 2 billion households. Urban buildings
accounted for an estimated 126 billion m? (or roughly 60% of global building floor area),
including nearly 31 billion m? of floor area in the services subsector (84% of total services
floor area) and 1.2 billion households (60% of the global total, or 95 billion m?).

By 2050, urban building floor area is expected to double to 254 billion m?, with more
than 75% of expected growth coming from countries that are not members of the
Organisation of Economic Co-operation and Development (OECD) (Table 4.2). This
growth is largely the result of urbanisation in non-OECD countries (with total urban
population nearly doubling in those countries). The growth is also because of expected
increases in average household floor area as incomes in urban areas continue to rise.
Services floor area in non-OECD countries likewise doubles between 2013 and 2050.
In OECD member countries, urban floor area increases by 50% over 2013 levels. This
increase is partly owing to continued urbanisation as well as continued growth of urban
services activity (with services floor area in those countries growing 55% between
2013 and 2050).

7 Additional information on the benefits of energy efficiency measures can be found in the IEA publication Capturing the
Multiple Benefits of Energy Efficiency (IEA, 2015b).

8 The high diversity and variability of the global building stock — along with the considerable need for improved data
on building energy characteristics and performances — make it difficult to accurately assess urban building energy
consumption. Urban boundary definitions (i.e. what is considered urban, peri-urban and rural) also make it challenging to
distinguish global urban building energy consumption. Country definitions vary considerably (see Chapter 3), and building
types and energy consumption patterns can vary significantly across different urban forms.

9 Additional information on the assumptions and process used to estimate global urban building energy can be found in
Annex E online; see www.iea.org/etp/etp2016/annexes.
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Table 4.2 Drivers for energy consumption in urban buildings to 2050
OECD Non-OECD

2013 2030 2050 2013 2030 2050
Population (million) 1 009.4 11395 1237.1 27545 3871 5041.7
GDP (USD billion) 41 642 60 599 86 067 44 235 102 751 198 200
Households (million) 390.7 452.8 4943 810.0 1266.3 1736.7
Occupancy (persons per household) 2.6 2.5 2.5 34 3.1 29
Average household size (m?) 104.6 1131 120.6 67.2 77.7 81.7
Residential floor area (billion m?) 409 51.2 59.6 54.4 98.3 1419
Residential floor area per capita (m?) 40.5 449 48.2 19.8 254 282
Services floor area (billion m?) 18.7 23.8 29.0 12.1 17.6 233

Note: GDP expressed in 2014 USD at purchasing power parity; further description of buildings sector drivers for urban energy estimates can be found in
Annex E online; see www.iea.org/etp/etp2016/annexes.

Sources: Population: UN DESA (2014), World Urbanisation Prospects: The 2014 Revision. GDP: urban GDP was estimated for 189 countries from 2013 to

2050 using McKinsey (2015), McKinsey Global Institute Cityscope v2.55; IMF (2015), World Economic Outlook Database, April 2015, www.imf.org/external/
pubs/ft/weo/2015/01/weodata/index.aspx; and IEA (2015d), World Energy Outlook.

Urbanisation and increasing wealth in non-OECD countries will also contribute to a

rapid growth in appliance ownership. In many developing countries, ownership levels for
large appliances (e.g. refrigerators and clothes washers) and other household plug loads
(e.g. computers and televisions) are still low, with significant potential for growth. For
example, in India less than 8% of households in rural areas and only around 40% of urban
households had a refrigerator in 2010 (Prayas, 2012). In 2013, still less than 10% of rural
households in India had a refrigerator, while urban ownership grew to 50% (IEA, 2015c).
In China, less than 10% of urban households and practically no rural households owned a
computer in 2000; by 2012, nearly 95% of urban households in China owned a computer,
while still less than a quarter of rural households owned one (NBS, 2014). As household
incomes continue to rise in non-OECD countries, especially in urban areas, appliance
ownership levels are, therefore, likely to increase rapidly (Figure 4.4).

Figure 4.4 Estimated urban ownership levels to 2050 in non-OECD countries
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Note: Ownership levels vary considerably across non-OECD countries relative to household wealth (GDP per household).
Key point Appliance sales to 2050 are expected to surge in urban areas in developing countries

as household income and appliance ownership levels continue to increase.

© OECD/IEA, 2016.
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Energy demand outlooks and opportunities to 2050

Total energy consumption in urban buildings accounted for an estimated 78 EJ in 2013, or
more than 60% of total building energy consumption that year. Urban buildings in non-
OECD countries consumed nearly as much as urban buildings in OECD countries, although
stark differences exist in energy demand across the building end uses (Figure 4.5). For
instance, urban space heating energy use is roughly 65% greater in OECD countries,
because non-OECD countries are typically in far warmer climates with smaller heating loads
and often with different temperature comfort expectations. Conversely, energy consumption
for water heating and cooking is far more important in non-OECD countries, partly because
of smaller space heating and (for the time being) smaller cooling loads. Also, traditional use
of biomass, even in urban areas, is still considerable in many developing countries. When
biomass is excluded, global urban buildings accounted for nearly three-quarters of total
building energy use in 2013.

Urban building final energy estimates by end use, 2013

E

m Space heating

OECD countries, 40 EJ Non-OECD countries, 38 EJ

~
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= Space cooling m Water heating m Cooking m Lighting = Appliances m Other*

**Other” refers to other building equipment (e.g. everything from refrigerated display cabinets to electric motors, information technology networks and
x-ray machines) not accounted for in the six principal building end uses.
Source: Calculations derived with IEA (2015a), IEA World Energy Statistics and Balances (database), http://dx.doi.org/10.1787/data-00512-en.

Key point

Globally, space heating demand in urban areas is the single-largest building end use,
while cooking and water heating are still a large share of energy demand in
developing countries.

Stark contrasts also appear in fuel shares and average urban building energy use per person
between OECD and non-OECD countries, even as urban energy demand in developing
countries continues to grow at a rapid pace. In OECD countries, electricity and natural gas
accounted for more than 80% of total urban building energy consumption in 2013. Average
urban building energy use was roughly 11 MWh per person. By contrast, in non-OECD
countries, electricity and natural gas use accounted for only 40% of urban building energy
use, while biomass consumption was nearly 30%. Average urban building energy use in non-
OECD countries was still less than 4 MWh per person, although some of this lower figure
can be explained by differences in building energy requirements (e.g. climatic conditions that
require less space heating) and lower appliance and equipment ownership.

Under the 6DS, urban building energy consumption reaches 134 EJ in 2050 (roughly 73%
of total building energy consumption in 2050). This projection means that nearly 95% of
expected energy growth in global buildings is likely to occur in urban areas. Urban building

© OECD/IEA, 2016.
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Figure 4.6

energy consumption in 2050 under the 6DS more than doubles over 2013 levels in non-
OECD countries as demand for energy services and comfort continue to increase, along with
urban population growth. By contrast, urban building energy use in OECD member countries
continues to increase marginally by less than 1% per year to 2050 under the 6DS (Figure 4.6).

Urban building final energy consumption and savings scenarios
by end use
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Key point

Urban building final energy consumption could increase by as much as 70% over
2013 levels under the 6DS, with urban building energy demand more than doubling
in non-OECD countries.

Growing household wealth, paired with continued growth in demand for comfort, contributes
to significant growth in energy consumption for urban building space cooling, which globally
increases more than three times over 2013 levels under the 6DS. In rapidly emerging,
warm-climate, non-OECD countries (e.g. India, Indonesia and Mexico), urban space cooling
demand increases as much as five- to tenfold over 2013 levels by 2050. Global urban energy
consumption for appliances and other small residential plug loads (e.g. computers and small
electronic devices) similarly surges in non-OECD countries as household wealth and demand
for energy services increases. Globally, urban appliances and other plug-load energy use
grows by more than 175% from 2013 to 2050 in the 6DS, and nearly 350% in non-OECD
countries during the same period.

Under the 4DS, global urban building energy consumption grows to 114 EJ in 2050 (15%
lower than the 6DS, but still roughly 50% higher than 2013) as the result of increased
energy efficiency measures across end-use technologies (e.g. heating and cooling
equipment, lighting and appliances) and increasing shifts away from traditional use of
biomass for water heating and cooking in residential buildings. Improved adoption and
enforcement of building energy codes for new building construction also help to curb space
heating and cooling demand growth, especially in non-OECD countries. However, those
improvements are still not enough to offset the significant growth in building floor area
additions to 2050 and the increasing demand for thermal comfort in developing countries.
Deep energy renovations of existing buildings remain limited under the 4DS with insufficient
policy measures to address the necessary market uptake and cost-effectiveness of deep
building energy renovation measures (i.e. economies of scale).

Under the 2DS, global urban building energy consumption decreases by 30% compared
with the 6DS in 2050, accounting for more than 75% of global building energy reductions


http://www.iea.org/etp/etp2016/secure/buildings/

184

Part 2
Towards Sustainable Urban Energy Systems

Chapter 4
Energy-Efficient Buildings in the Urban Environment

(Figure 4.7). This decline is due to deep energy renovations of existing buildings, paired

with very-low-energy new building construction and high-efficiency equipment purchases,
reducing overall space heating and cooling energy consumption. Demand for energy services
and comfort in developing countries continues to increase in both the 6DS and the 2DS,

but more rigorous and enforceable building energy codes for new construction, along with
energy efficiency and fuel-switching measures (e.g. from inefficient use of biomass to solar
thermal water heating), help to meet that demand with lower overall energy consumption
under the 2DS.

Global final energy savings by end use, 6DS to 2DS
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Key point

Urban buildings account for more than 75% of global building final energy savings
in 2050, with space heating and cooling demand reductions accounting for roughly
40% of urban building energy savings.

Globally, urban space heating and space cooling demand under the 2DS is reduced by
40% compared with the 6DS, accounting for 45% of total urban energy savings in 2050.
Building envelope improvements account for nearly 80% of urban building space heating
and cooling savings. Lighting and appliance energy use is reduced by 35% as a result of
performance standards and increased uptake of high-efficiency products, and cooking is
reduced by nearly 20% through energy-efficient equipment (e.g. clean cook stoves) and
greater shifts away from traditional use of biomass. Urban water heating energy use
decreases by 25% in 2050 compared with the 6DS because of energy efficiency measures
(e.g. mandatory condensing and heat pump water heaters) and considerable growth of
solar thermal collectors.'

Global electricity consumption in 2050 under the 2DS decreases by 33% compared with

the 6DS. Energy efficiency measures and the consequent electricity savings would allow

for greater access to affordable electricity, especially in developing countries, and the large
uptake of very efficient technologies (e.g. heat pump technologies for space heating, space
cooling and water heating) could achieve that increased access while still consuming less
electricity than in the 6DS. Renewable technologies, such as solar thermal water heaters,
would also allow for increased access to energy services and improved comfort without
increasing commercial electricity demand. Total urban solar thermal consumption (for space
heating and water heating) increases more than 1 000% over 2013 levels under the 2DS,

10 While solar photovoltaic (PV) can be placed on buildings, it is accounted for within the energy supply mix under the ETP
modelling framework. Additional information on solar PV opportunities in urban areas can be found in Chapter 6.
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while fossil fuel consumption (i.e. coal, oil and natural gas) in urban buildings decreases by
50% in 2050 compared with the 6DS.

Under the 6DS, urban CO, emissions increase from 7.5 GtCO, in 2013 to nearly 12 GtCO, in
2050. Building energy efficiency measures, including equipment efficiency and improvements
in the thermal envelope of buildings, and fuel switching in the 2DS lead to an 85% reduction
of total CO, emissions in urban buildings in 2050 compared with the 6DS. Direct emissions
(from the combustion of fossil fuels) decrease by 50% in 2050 compared with the 6DS,
while indirect emissions (from upstream generation of electricity and commercial heat)
decrease by 93%. Nearly 65% of 2DS urban CO, reduction comes from the residential
subsector, which represents half of global buildings sector emissions reduction to 2050.
Overall, urban buildings account for more than three-quarters of total buildings sector
emissions reduction to 2050 (Figure 4.8).

CO, emissions reduction (direct and indirect) in urban buildings,

Figure 4.8
= 6DS to 2DS
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Key point Urban building CO, emissions in the 2DS are 85% less than 6DS levels in 2050 as a

result of energy efficiency measures, paired with decarbonisation of electricity and
commercial heat production.

Urban building energy efficiency measures have considerable importance in global CO,
emissions when the impact of buildings energy consumption on power generation is
considered. Urban buildings are estimated to have accounted for nearly 80% of total building
electricity and commercial heat consumption in 2013, and more than 80% of total global
building electricity growth to 2050 is expected to come from urban buildings.

While the global buildings sector constituted only about 8% of (direct) energy-related

CO, emissions in 2013, more than half of global electricity and commercial heat went to
buildings that year, making it responsible for roughly 7 GtCO, of upstream CO, emissions
(or roughly 30% of total global CO, emissions [direct + indirect]). Energy efficiency in urban
areas, therefore, not only contributes to reducing overall building electricity and commercial
heat demand, but also plays an important part in supporting decarbonisation of the power
sector. Improved efficiency and reduced building electricity and heat demand will allow for a
more efficient, more resilient and lower carbon grid.

Energy efficiency and fuel switching in urban buildings can also contribute to improved
living conditions (e.g. improved thermal comfort) and better air quality in cities. While
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local pollution and quality of life are difficult to quantify within the ETP global modelling
framework, it is well documented that the continued use of fossil fuels and also traditional
use of biomass can have a considerable impact on local air quality. Many cities across the
globe have identified air quality as a major public health concern, and energy efficiency

in buildings, paired with a decline in fossil fuel consumption in buildings, contributes to
reductions in local air pollution (Box 4.2).

Local air pollution and urban buildings in China

Air pollution in China’s cities, notably from
respirable particulate matter (PM,,) and fine
particles (PM, ), is a serious issue that has been
identified by the Chinese government as a priority
area of concern. While transport, industry and
power generation (notably using coal) are the
major sources of local air pollutants in most
Chinese cities, the buildings sector is also largely
responsible for local air quality, both because of
direct consumption of coal and other fossil fuels
and also because buildings in north urban China
consume considerable amounts of commercial
heat from China’s important district heating
network, fuelled mostly by coal.

Building energy consumption and emissions have
been highlighted as a key priority for the Chinese
government, which recognised the important role
of the buildings sector on air pollution prevention
and control in its Air Pollution Prevention and
Control Act Plan (State Council, 2013a). The plan
set the goal of improving overall national air
quality, including measures to proactively develop
green buildings and district heat reform in urban
China. Specifically, the plan considers detailed

measures to: adopt green building standards in
public buildings and indemnificatory housing
(rent-controlled or price-controlled housing
options provided by the government for low- and
middle-income families); implement mandatory
energy-saving standards in new buildings; promote
the utilisation of low-carbon, energy-efficient
technologies and equipment (e.g. solar water
heating, heat pumps and building-integrated solar
PV); accelerate the push for heating metering and
energy efficiency renovation in existing residential
buildings in north urban China; and accelerate the
development and refurbishment of the district
heat supply network.

Since 2013, the Chinese government has
developed additional strategies in line with the

Air Pollution Prevention and Control Act Plan and the
broader 12th Five-Year Energy Development Plan
(State Council, 2013b), including the Green Building
Action Plan (State Council, 2013c) and the 2014
National Plan on New Urbanisation for 2014 to 2020
(State Council, 2014), which both set forth goals
for reducing energy consumption and emissions
from the buildings sector (IEA-TU, 2015).

Energy technology priorities, policies and benefits

for urban buildings

The energy savings potential in buildings is enormous, and currently only around 30% of
total energy consumption in the buildings sector is covered by energy efficiency regulations
(IEA, 2015d). While most building technologies and policies to achieve more efficient
buildings are not unique to urban environments, numerous technology solutions are available
today that can significantly reduce urban building energy consumption.'” These solutions
include advanced lighting (e.g. light-emitting diodes [LEDs])'?, water heating technologies
(e.g. instantaneous condensing gas water heaters, heat pump water heaters and solar

11 Additional information on building technologies and policies can be found in the IEA's Transition to Sustainable Buildings:
Strategies and Opportunities to 2050 (IEA, 2013a).

12 While not considered in this chapter, street lighting can be a large energy consumer in urban areas. Energy-efficient LED
lighting for street lighting applications is rapidly increasing in many urban areas and can have additional benefits, such as
improved lighting quality and coverage. Additional information can be found in Chapter 7.
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thermal collectors) and advanced building envelope materials.’”® Geothermal technologies
in new building construction (including integration of heat exchangers in structural
components, such as building foundations) can also deliver significant energy savings using
local resources (e.g. lakes, rivers, oceans and the ground).

Some priority technologies for the buildings sector may have limited opportunities in the
urban built environment. In particular, solar PV and solar thermal market adoption may

be limited in certain urban areas as a result of building densities and space constraints,
although these technologies could still be used outside the city as part of an integrated,
efficient energy network (see Chapter 6). While solar thermal is a critical low-carbon
technology, there may be insufficient surface area in some cities to provide enough heat
to satisfy water heating or space heating demand in larger buildings (e.g. multifamily
residential buildings, hospitals and hotels) or high-density building clusters. Building shading
by the surrounding built environment in higher-density urban areas may also limit adoption
of solar technology applications. Integrated facade solar thermal systems are a promising
option, but further development is still needed to make these systems cost-effective and
technically viable across various applications.

Urban areas can play a critical part in curtailing the energy consumption of the world’s
building stock through policies that increase adoption of energy efficiency measures and
advanced building technologies. The most critical priority should be to address space
heating and cooling demand through building envelope technologies and efficient heating
and cooling equipment. Many cities are already leading in this area through energy
efficiency measures in public buildings and through building technology and energy efficiency
awareness programmes, which can be more targeted than national energy policy. However,
significant effort is still needed to develop and adopt robust, enforceable and adaptable
advanced building energy codes'® across all regions as well as to enable and pursue a
long-term global strategy for deep energy renovation' in existing buildings (IEA, 2013a).

Typically, key building construction and energy code policies are most successful when
adopted in harmonisation across a country or region and then locally enforced by cities.

Local governments often have building regulatory, planning and zoning functions, as well

as other important municipal levers, such as taxation and local loans. They also can help to
achieve greater levels of education across stakeholders to help administer effective building
policies. From a national and global public policy perspective, engaging cities can improve the
effectiveness of building policies as a result of their large economies of scale and the potential
replicability of programmes. For example, the European Energy Award (EEA) supports local
authorities in establishing and implementing effective energy and climate policy measures using
a centralised quality management and certification system. More than 1 300 municipalities in
Europe now participate in the programme across a variety of topical areas and initiatives.'

National policies have substantial influence to enable local decision makers to pursue
appropriate urban planning and energy efficiency measures. This influence includes the

use of national land-use planning frameworks, fiscal policies (e.g. tax incentives, grants
and subsidies, housing loans and third-party financing), quality management systems
(including advisors and auditors) and capacity-building programmes to provide direction
and empower local planning and policy design'’. These types of national or regional energy

13 More information on building envelope technologies, including advanced building envelope components, can be found in the
IEA Technology Roadmap Energy Efficient Building Envelopes (IEA, 2013b).

14 See IEA Policy Pathway Modernising Building Energy Codes (IEA, 2013c) for more information.

15 The Global Buildings Performance Network defines deep renovations as actions that achieve building performance levels
that are not more than 60 kWh/m? per year for all building code loads (i.e. space heating and cooling, water heating and
installed lighting) (GBPN, 2013).

16 For more information, visit the EEA website at www.european-energy-award.org/.

17 Additional information on fiscal tools for building energy efficiency can be found in the Buildings Performance Institute
Europe report Energy Efficiency Policies in Buildings — The Use of Financial Instruments at Member State Level (BPIE, 2012).
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efficiency frameworks (e.g. ENERGY STAR in the United States) also provide transparent,
consistent and science-based approaches for local policy makers and stakeholders

who may not have the resources or capacity to design their own standards or labelling
programmes. By providing strong support to cities, national governments can, therefore,
help deliver sustainable energy transitions in urban buildings, including the use of adaptive
measures and targets, while also achieving national energy and climate policy targets
(see Chapter 7).

One critical policy area that has had broad success in the buildings sector is the promotion
and regulation of more efficient building energy-consuming equipment (e.g. appliances,
lighting and heating equipment) through labelling and MEPS. These measures are typically
pursued at a national level, although some cities have initiated their own policy programmes
that support or mandate purchases of energy-efficient equipment. For instance, Cape Town,
South Africa, implemented mandatory lighting and appliance efficiency policies in 2014 to
reduce growth in rising electricity demand (City of Cape Town, 2015).

One particular area of policy interest in the global buildings sector is to improve data and
understanding of actual building energy performance, which is needed to develop and refine
both national and local buildings sector policy priorities. Data, and a more acute sense of
local building energy needs and opportunities, are valuable tools that city and municipal
authorities can use to shape policy decisions and prioritise energy efficiency efforts. This
information can also help cities to target the right stakeholders (e.g. building operators and
local construction companies) to increase adoption of energy-efficient technologies.

Several cities are already leading in this area with mandatory policies that require energy
consumption and performance disclosure reporting (IMT, 2015). Some cities — for instance,
the city of Boulder, Colorado, in the United States — are even taking this a step further and
requiring certain building types to comply with local MEPS as part of the building rating
and reporting programme (City of Boulder, 2015). However, many cities do not have the
resources or capacity to implement these types of programmes. National support of local
action in this area would be beneficial to both urban areas and national policy makers in
improving understanding of buildings sector performance and establishing more effective,
targeted building energy policies.

Despite the important role urban authorities can play in meeting building energy efficiency
and emissions objectives, local policy makers and building actors do not always consider
building actions with respect to CO, emissions reduction or energy efficiency design.
Instead, urban policies often consider other important building issues such as energy poverty,
affordable housing, building safety and working conditions within the built environment. Yet
energy efficiency measures in buildings can add essential local value through job creation,
lower energy bills, improved air quality and even improved quality of living (e.g. through
improved thermal comfort). Because buildings sector investments and economic prosperity
are closely linked, implementation of energy efficiency measures in the urban buildings
sector can lead to important multiple benefits for local economies, while reducing total
building energy consumption and CO, emissions (Box 4.3).

Incorporating multiple benefits of energy efficiency into local planning and policy design
and tapping into the enormous energy-savings potential in urban buildings will require
both support and direction from national policy frameworks. While many cities are already
acting on important energy-related building issues, barriers to achieving the potential scale
of urban sustainable energy actions in the buildings sector still often arise. These barriers
frequently include jurisdictional rights and boundaries (i.e. lack of authority to implement
certain policies), financial constraints (e.g. lack of capacity to raise or leverage funds

for energy efficiency programmes) and other capacity-related issues (e.g. institutional
knowledge of advanced building technologies).
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Box 4.3 .l
communities

Building energy efficiency measures: Multiple benefits for local

Energy efficiency has been the primary factor in
reducing energy consumption in IEA countries
over the last 25 years. Avoided expenditures in

IEA countries resulting from energy efficiency
investments during that period were valued at
USD 5.7 trillion (IEA, 2015e). Globally, significant
investments in energy efficiency continue to rise,
with energy efficiency now considered a “first fuel”
in terms of effective tools for achieving energy
conservation goals (IEA, 2015b). The broader
economic, social and environmental benefits of
energy efficiency investments are also increasingly
recognised in policy decision making, alongside the
conventional benefits of reduced energy demand
and lower GHG emissions. This broader perspective
is in part because of the variety of policy issues
that can be supported by energy efficiency.

Buildings present a significant opportunity for
addressing multiple policy goals via energy
efficiency improvements. Building energy
efficiency investments can contribute to economic
development by boosting productive GDP growth,
creating net employment and reducing the amount
of generation assets needed to meet peak demand
(Washah, Stenning and Goodman, 2014; Mount and
Benton, 2015). Investments in energy efficiency
are also pursued as a means of addressing energy
affordability in urban areas, because making
energy services less expensive and addressing
energy poverty in cities can result in direct public
health benefits (e.g. fewer premature deaths and
reductions in respiratory infections), which further
improve the cost-benefit case for energy efficiency
investment (Wilkinson et al., 2009).

Evidence of health co-benefits can similarly

be used to justify revenue sharing between
public budgets, with empirical studies in

the United Kingdom showing as much as

42% of building energy renovation costs being
recouped through co-benefits on health budgets
(Liddell, 2008). Energy efficiency improvements
can also be seen as a business diversification
activity for energy suppliers, offering new services
while reducing the overall cost of services to
citizens (e.g. as an energy service company)
(Hall and Roelich, forthcoming).

The increased recognition of the multiple benefits
of energy efficiency has resulted in a variety of
approaches to their assessment within local policy
decision making. Several [EA member countries
(e.g. Germany and the United Kingdom) already
incorporate net employment benefits from building
energy renovations in their policy assessment
processes. For instance, the CO,-Building
Rehabilitation Programme in Germany can be seen
as an example of an energy efficiency investment
programme used as a means of economic stimulus,
to create jobs and boost economic growth (Rosenow
et al, 2013). The influence of energy efficiency

on economic growth, however, is not regularly
featured in policy assessments in most countries.

Health and well-being benefits are increasingly
connected with energy efficiency investments in
buildings. Considerable disparity exists, however,
between practices of accounting for these impacts
in policy assessments. For example, the Warm

Up New Zealand programme, where health and
well-being outcomes made up the majority of
recorded benefits (Motu, 2015), contrasts with
policy assessment in the United Kingdom, where
evidence of health and well-being benefits

is provided, but no attempt is made at their
quantification. No impact is consequently included
on the energy efficiency policy’s net present value
assessment in the United Kingdom.

As the recognition of the multiple benefits of energy
efficiency grows, addressing disparity between the
levels of recognition shown by different cities and
countries will help to add universal value to multiple
benefits and allow their value to be integrated

in building energy policy. Continued efforts are
needed to raise the value of local energy efficiency
measures in meeting multiple policy objectives for
local decision makers. Best-case examples of where
the benefits from energy efficiency policy have been
recognised, and how they have been accounted for,
can make an important contribution to justification
of continued investment in energy efficiency in
buildings. More broadly, international co-operation
and experience sharing across cities can help to
encourage the incorporation of energy efficiency in
local policy design.

Note: Niall Kerr and Stephen Hall (both University of Leeds) provided substantive input to Box 4.3.



190

Part 2
Towards Sustainable Urban Energy Systems

Chapter 4
Energy-Efficient Buildings in the Urban Environment

Reducing urban building heating and
cooling energy consumption

Space heating and cooling currently account for around 40% of global building energy
consumption and are a critical area of needed action in the buildings sector. Several factors
influence building thermal demand, including climate, urban form and design, building
orientation and shape profile, technology and material choices, and occupant behaviour.
While variations in thermal energy demand across the global building stock may not be
completely understood, policy support and building energy codes are needed everywhere to
transform the building market and achieve an energy-efficient, low-energy buildings sector.

Reduced heating and cooling demand in buildings has been well documented in most
mature markets using energy-efficient heating and cooling equipment and widely available,
cost-effective building insulation, windows, doors, air sealing, improved distribution systems,
and energy or heat recovery equipment (e.g. ventilation heat exchangers and exhaust air
heat pumps). Reducing energy consumption to meet heating and cooling demand reduction
is generally easier to achieve in new construction, although deep energy renovations in
existing buildings in cold climates have achieved heating performance loads of 40 kWh/m?
to 60 kWh/m? (compared with typical loads of 90 kWh/m? to 150 kWh/m? or higher) using
cost-effective technologies. Other building deep renovation projects have shown that
achieving very low heating loads in the range of 15 kWh/m? to 25 kWh/m? (more typical of
nZEBs or passivhaus standards) is technically possible. However, these performance levels
are not always cost-effective, and more research and development, market conditioning and
product promotion are needed to advance this field (IEA, 2013b).

New construction, especially in emerging markets, provides important opportunities to
reduce heating and cooling loads. Measures can include proper building orientation to

the sun and designing the shape profile of the building to reduce thermal loads. Building
codes are widely accepted to be the most effective policy instrument to influence new
construction, although the effectiveness of building energy codes depends on the level of
compliance, which typically requires monitoring, verification and enforcement. Urban areas,
through permitting and local enforcement of construction and building energy codes, can
play a critical part in achieving reduced thermal demand in buildings.

Cities can also help to transform building construction markets through local policy support
and urban planning authorities (e.g. zoning and permitting) to guide them towards high-
performance, energy-efficient buildings. This role includes working with local stakeholders
to optimise building design that takes into account prevailing climatic conditions, greater
passive design (including passive ventilation and solar heating contributions) and advanced
facades that harvest natural daylight while reducing cooling loads. Local demonstration
projects, including deep energy renovations in public buildings, can also be used as
education tools and market drivers to encourage uptake of energy-efficient technologies
and building practices in cities.

Another important part that urban areas can play in achieving low heating and cooling
energy demand in buildings is through raising awareness with local consumers and building
operators to address energy-efficient technology and behaviour in buildings. Consumer
choices, behaviour and building operation can lead to significant energy consumption
differences in any region of the world. For instance, in China, studies have shown that
occupant behaviour and building operations can vary energy consumption between two-
and sixfold in residential households and between two- and tenfold in office buildings
(Zhang et al., 2010). The policy effort needed to achieve reduced urban building thermal
energy demand, therefore, goes beyond construction and should include the operation of
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buildings, including advanced energy management tools and overall education and training
for building operators and occupants.

Growing cooling demand in urban buildings

Global building cooling demand is increasing rapidly, especially in hot, humid climates in
emerging markets. Beyond climate, cooling demand is also dependent on internal heat loads
(e.g. from occupancy and equipment), on architectural and material choice, and on the size

and design of the building (where natural cooling may not be possible because of issues such
as building depth). Dense urban environments with large, multistorey buildings — including the
increasing choice of glass facades in commercial and services buildings — are therefore ripe
for growth in space cooling demand in most developing regions. Cities can also be significantly
hotter than surrounding areas as a result of urban heat island effects.

Without concerted effort to reduce cooling energy demand in buildings through energy-efficient
envelopes and cooling equipment, global building cooling energy consumption will continue to
grow rapidly to 2050, especially in non-OECD countries, where more than 80% of expected
space cooling growth is expected to occur (Figure 4.9). Urban areas, where the greatest growth
in household demand for energy services and comfort will happen, are responsible for nearly
90% of expected global growth in cooling demand under the 6DS and likewise account for
85% of global cooling energy savings under the 2DS.

Cooling energy demand and savings, 6DS to 2DS

OECD countries Non-OECD countries
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Key point Building envelope and energy efficiency improvements would lead to a 50% reduction

in global urban building cooling consumption in 2050 under the 2DS.

In OECD countries, a significant share of space cooling loads and savings potential comes
from the services subsector (because of higher use of mechanical HVAC systems in
commercial and services buildings, relative to lesser need for space cooling in many residential
buildings). In non-OECD countries, residential building space cooling energy consumption is
likely to increase dramatically as household demand for thermal comfort increases in hot
climates. With more than 900 million new households expected by 2050 in urban areas in
non-OECD countries, these countries will need to implement more rigorous and enforceable
building energy codes that reduce thermal demand intensities using a wide array of efficient
building envelope and equipment technologies. Globally, similar actions are also needed to
address thermal loads in services buildings, starting first with aggressive building energy codes
for new construction, as well as deep renovation programmes for existing services buildings.


http://www.iea.org/etp/etp2016/secure/buildings/

192

Part 2 Chapter 4
Towards Sustainable Urban Energy Systems Energy-Efficient Buildings in the Urban Environment

The first priority in building design and policy development should be to enable the
reduced need for cooling, where the use of innovative technologies and building envelope
design can actually avoid the need for interior conditioning (IEA, 2013b). In warm climates,
new construction and building renovations should incorporate reflective surfaces (including
cool roofs and low-emissivity [low-e] glass windows with spectrally selective coatings
tailored to reject the sun's energy, building orientation and exterior shading). Natural and
night-time ventilation strategies can also be applied in some climates, and reflective
roadways and pavements (i.e. high albedo effect) near buildings can help to reduce
average urban temperatures, which, in turn, reduces air-conditioning loads in buildings
(LBNL, 2013).

Efficient cooling equipment is also of importance, although it should be a secondary priority
after efficient building site and envelope design. Advanced chillers exist in many markets,
and geothermal systems — typically in combination with heat pumps - can offer high
performances for large individual buildings, for a cluster of smaller buildings or for district
cooling networks. District cooling can also take advantage of urban building densities

and economies of scale to achieve high operating efficiencies using numerous sources

to produce chilled water. These sources can include the use of natural cooling sources
(e.g. rivers, lakes, the ocean and other geothermal sources), renewable energy sources, and
even off-peak and seasonal cooling generation (e.g. through ice storage or geothermal
storage) that can help level out electricity demand and lower space cooling costs."® For
example, the city of Chicago in the United States has the world’s longest district cooling
network (around 13 trench kilometres). The system delivers chilled water to more than

4.4 million m? of building space using five interconnected plants based on ice-storage
technology (Enwave Chicago, 2015).

Beyond the energy-saving benefits provided by the large-scale, flexible, chilled water
production process, district cooling networks can provide numerous benefits to buildings
served, including lower capital costs, less fresh water used for cooling towers and chillers,
and reduced floor area needed for mechanical equipment (often on the roof, where solar
systems or green roofs could be installed). District cooling networks also provide benefits
to the local utility grid by reducing electricity demand in buildings during peak cooling
periods.

Efficient building envelope technologies

Globally, awareness of the importance of insulation in buildings is increasing, even if
continued work is needed to improve knowledge of the right levels of insulation and to
achieve better installation practices. By contrast, the important role of efficient windows
and air sealing in building envelopes still needs to be elevated in building policy development
and construction practices, especially in developing countries, where site-built windows with
minimal quality control can negatively affect the long-term performance of buildings.

In most urban areas, multifamily residential buildings are a major building type with
significant thermal loads. While these buildings often have much lower heat load
requirements than single-family buildings (because exterior surface represents a smaller
portion of each apartment), the glazing area (i.e. windows) within the thermal envelope
represents a much greater portion (i.e. greater window-to-wall ratio). For example, typical
window-to-wall ratios for single-family buildings may be 12% to 15%, whereas some
apartments have ratios that might be as high as 60% or more. Installing more efficient

18 Natural cooling can also be used in cooling-assisted applications (i.e. in support of normal cooling processes) to improve
district cooling efficiencies. For instance, the Climespace district energy network in Paris, France, uses natural cooling from
the Seine River to augment operating efficiencies of its cooling production. Since natural cooling was applied in 2009, the
average coefficient of performance of the plant chillers increased by more than 30% (IEA, 2014).
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windows can, therefore, have a dramatic impact on heating and cooling demand, especially in
emerging markets where the majority of installed windows are not efficient (i.e. low thermal

performance) (Box 4.4).

Box 4.4

technologies

Technology roadmap: Energy-efficient building envelope

The IEA released a technology roadmap, Energy
Efficient Building Envelopes, in 2013, looking at
critical and emerging technologies that improve
the thermal load in buildings (IEA, 2013b). The
roadmap also detailed the investment, policies,
regulations and actions necessary to advance and
popularise building envelope technologies in both
new and existing structures.

Globally, one critical technology to improve
window performance and building energy demand
is low-e glass coatings. Low-e coatings act as
radiant barriers that reduce heat loss in winter
and heat gain in summer. They also have varying
optical properties that allow either high or low
solar heat gain, tailored to heating- or cooling-
dominated climates. Low-e coatings reduce heat
loss through windows by 33% to 40%, and can
reduce heat gain from the sun by over 50%.

Another important window technology area

is solar control, which can be used to reject as
much heat as possible while transmitting high
levels of visible light. This technology includes
manual or automated exterior shading, solar
glazing (e.g. window films) and dynamic glazing
technologies (e.g. electrochromic glazing) that
can modulate solar heat continuously. These
technologies can provide significant benefits for
most countries, particularly for hot and sunny
climates, where dynamic solar control can

offer dramatic cooling load reductions beyond
those provided by low-e glazing. Dynamic solar

Urban areas are a natural place to develop both knowledge and demand for efficient building

control can also offer increased passive heating
contributions when designed and operated
correctly in colder climates.

In most mature economies, double-glazed windows
with low-e glass are standard building products
with large market shares. Many mature economies
are now also pursuing triple-glazed windows (with
two surfaces of low-e glass). However, much effort
is needed to bring these technologies to emerging
markets, and those markets need to “leapfrog” the
transition from single-glazed clear glass windows
to at least double-glazed low-e windows (and
eventually triple-glazed low-e windows in cold
northern zones).

Globally, more effort is also needed to implement
air sealing in buildings so that air leakage

(i.e. infiltration and exfiltration) is reduced,
particularly because it can reduce heating, cooling
and ventilation energy consumption by as much
as 30%. Large variations exist between building
practices and building stocks across the globe,
but air sealing should generally be considered

a high priority for both new construction and
existing buildings everywhere. Air leakage may
not be a critical requirement for energy savings
in moderate climates that do not require the

use of heating and cooling systems, but globally,
and especially in developing countries with huge
potential for space cooling demand, it should

be considered a high priority for any building
installing a space conditioning system.

envelope technologies, since cities offer large supply for building products and are often
the first places to adopt building technologies when they are introduced to the market.

Investments for local and/or regional manufacturing of efficient building envelope products
is needed to enable commodity-based material pricing through local product supply chains.
National and urban policy makers, along with building code officials, should also place
much greater effort on improving construction practices and technology choices in cities to
create the right market conditions and critical demand to bring efficient building envelope
technologies to cost-effective scales.
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Challenges and opportunities for urban building renovation

Building renovation, especially in developed countries with cold climates, is a critical priority
for meeting 2DS objectives in the global buildings sector. Modest energy savings are often
pursued through improved energy management or via individual component replacements
(e.g. window replacement or modest levels of added insulation). However, these actions
without deep energy efficiency measures represent a missed opportunity to achieve major
energy savings with long-term cost-effective investments. A more assertive effort is needed
to pursue deep energy renovations to drastically reduce space heating and cooling demand
across the world’s existing building stock.

Despite an increasing recognition of the importance of these renovations, very little
progress has been made in establishing policies for their implementation. Often, building
energy efficiency measures are “available and market-ready” when new building construction
policies require energy-efficient technologies. However, the renovation market is much

more challenging, because of the high variability of existing building conditions, multiple
approaches to efficiency improvements and other external barriers, such as historical
preservation or building association restrictions. As a result, there currently exist high
transactional costs for deep energy renovations in most markets, leading to payback periods
as high as 30 years. Consequently, low-cost financing can be challenging to obtain, as
financial institutions typically do not readily trust the parameters associated with existing
building energy-savings measures.'®

For cities to support large reductions in building energy consumption, public policy needs
to support deep energy renovations through a long-term perspective. In most markets,

10 to 15 years are necessary for deep energy renovation measures to become fully viable
at competitive prices. Very-high-performance building technologies can be supported
through a variety of incentives to help establish a market for better and more cost-effective
products, typically within a decade of the initial market support. These market conditioning
tools can then be used to transition technologies from voluntary to mandatory energy
efficiency measures across existing building stocks when they undergo refurbishments or
other major changes (IEA, 2013b). However, financial incentives for broad, sweeping energy
renovations are needed first to enable system-level approaches to deep building energy
renovations.

Some promising work has been done on scaling up deep energy renovations, on both the
national and urban scales, to move this important agenda ahead (Box 4.5). Packaging of
energy efficiency measures is another promising way to increase awareness and adoption
of deep renovation measures in buildings. By packaging together short-term measures
(e.g. with payback periods of two to ten years) with measures that have longer payback
periods (e.g. major renovation), policy makers and building stakeholders can improve overall
payback periods and encourage greater uptake of deep energy efficiency gains during
planned building renovations.

One particular area that cities can support to enable deep energy renovations in urban
buildings is through whole-building energy performance evaluation and disclosure. Many
cities are already pursuing voluntary and even mandatory energy performance disclosure
policies that function as a macro-level metric of building energy performance. The results
of these disclosures can be used both to target poorly performing buildings in cities and to
encourage additional private financing for energy efficiency measures by demonstrating the
impact and return on deep energy renovation investments.

19 See focus of the Investor Confidence Project to improve financing for building renovation, www.eeperformance.org.
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Energiesprong and adaptation for urban buildings in the city

Energiesprong (Dutch for “energy leap’) is an
innovative building refurbishment programme
that was created in the Netherlands with support
from the Dutch government in 2010. It convened
various building stakeholders (e.g. housing
associations, builders and financiers) to organise

a large-scale refurbishment proposition (initially
111 000 homes in Holland). The programme
achieves deep energy renovations (in this case,
net-zero energy performance* for building heating,
hot water, lighting and appliances) within ten days
using off-site pre-fabrication and with a 30-year
energy performance warranty from the builder
(Energiesprong, 2014).

By working with building stakeholders and
bundling deep energy renovations across a critical
building stock, Energiesprong has enabled a
financial and regulatory environment that lowers
investment risks for financers and eliminates
up-front investment costs for consumers, who see
no increase in their monthly energy bills (which are
instead paid to an energy service provider rather
than to a traditional energy utility). It has also
created sufficient economies of scale to attract the
participation of stakeholders (e.g. builders) that may
not be interested otherwise in developing these
packages if only for a small number of buildings.

Currently, the Greater London Authority

is undertaking a detailed assessment of
Energiesprong to establish the extent to which
the programme could be transferrable to the
metropolitan area of London. The assessment
will consider the four key pillars of Energiesprong
(notably, energy performance guarantees, delivery
timescales, affordability and attractiveness)
within the urban framework to establish the
financial envelope for delivering net-zero energy
renovations in London, including any planning,
financial and regulatory issues, constraints or
opportunities. The assessment will also look at
how Energiesprong (currently working with public
housing) can be delivered across other tenures
(including notably private rented and owner-
occupied housing).

The Greater London Authority is also engaging
with key organisations and supply chains in the
United Kingdom to consider how Energiesprong
could be delivered successfully in the capital.
The initial assessment is expected by mid-2016.
Additionally, the Greater London Authority is
working with the Carbon Neutral Cities Alliance
to do an initial high-level assessment of the
transferability of Energiesprong within the urban
environment to other international cities.

* Net-zero refers to building energy consumption that is not higher than the energy produced by that building.
Note: More information about the existing Dutch Energiesprong programme can be found at http://energiesprong.nl/.

Energy performance certificates can be derived in a variety of ways, including actual
measured data and using a building characteristic evaluation or asset rating. The building
evaluation method usually involves simplified software rating tools, and credentials required
of the auditor vary by programme. For instance, the Residential Energy Services Network
(RESNET) programme in the United States requires energy auditors to meet criteria 