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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.
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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.
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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.


www.iea.org/statistics
http://www.iea.org/etp/etp2016/secure/global_outlook/
http://www.iea.org/etp/etp2016/secure/global_outlook/

38

Part 1 Chapter 1
Setting the Scene The Global Outlook

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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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
performanc