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Glossary

This glossary is compiled according to the Lead Authors of the Report drawing on glossaries and other resources available
on the websites of the following organizations, networks and projects: Intergovernmental Panel on Climate Change,
Non-State Actor Zone for Climate Action, United Nations Environment Programme, United Nations Framework Convention

on Climate Change and World Resources Institute.

Baseline/reference: The state against which change is
measured. In the context of transformation pathways,
the term ‘baseline scenarios’ refers to scenarios that
are based on the assumption that no mitigation policies
or measures will be implemented beyond those that
are already in force and/or are legislated or planned

to be adopted. Baseline scenarios are not intended to
be predictions of the future, but rather counterfactual
constructions that can serve to highlight the level of
emissions that would occur without further policy
effort. Typically, baseline scenarios are then compared
to mitigation scenarios that are constructed to

meet different goals for greenhouse gas emissions,
atmospheric concentrations or temperature change. The
term ‘baseline scenario’ is used interchangeably with
‘reference scenario’ and ‘no policy scenario’. In much
of the literature the term is also synonymous with the
term ‘business as usual (BAU) scenario’, although the
term ‘BAU’ has fallen out of favour because the idea
of ‘business as usual’ in century-long socioeconomic
projections is hard to fathom.

Bioenergy: Energy derived from any form of biomass
such as recently living organisms or their metabolic by-
products

Black carbon: The substance formed through the
incomplete combustion of fossil fuels, biofuels, and
biomass, which is emitted in both anthropogenic and
naturally occurring soot. It consists of pure carbon in
several linked forms. Black carbon warms the Earth

by absorbing heat in the atmosphere and by reducing
albedo — the ability to refect sunlight — when deposited
on snow and ice.

Cancun pledge: During 2010, many countries submitted
their existing plans for controlling greenhouse gas
emissions to the Climate Change Secretariat and these
proposals were formally acknowledged under the United
Nations Framework Convention on Climate Change
(UNFCCC). Developed countries presented their plans in
the shape of economy-wide targets to reduce emissions,
mainly up to 2020, while developing countries proposed

ways to limit their growth of emissions in the shape of
plans of action.

Carbon dioxide emission budget (or carbon budget):
For a given temperature rise limit, for example a 1.5°C

or 2°C long-term limit, the corresponding carbon budget
refects the total amount of carbon emissions that can
be emitted for temperatures to stay below that limit.
Stated differently, a carbon budget is the area under a
carbon dioxide (CO,) emission trajectory that satisfes
assumptions about limits on cumulative emissions
estimated to avoid a certain level of global mean surface
temperature rise.

Carbon dioxide equivalent (CO.e): A way to place
emissions of various radiative forcing agents on a
common footing by accounting for their effect on
climate. It describes, for a given mixture and amount of
greenhouse gases, the amount of CO, that would have
the same global warming ability, when measured over
a specifed time period. For the purpose of this report,
greenhouse gas emissions (unless otherwise specifed)
are the sum of the basket of greenhouse gases listed
in Annex A to the Kyoto Protocol, expressed as CO,e
assuming a 100-year global warming potential.

Carbon intensity: The amount of emissions of CO,
released per unit of another variable such as gross
domestic product, output energy use, transport or
agricultural/forestry products.

Carbon offset: See Offset.

Carbon price: The price for avoided or released CO, or
CO,e emissions. This may refer to the rate of a carbon
tax or the price of emission permits. In many models that
are used to assess the economic costs of mitigation,
carbon prices are used as a proxy to represent the level
of effort in mitigation policies.

Carbon tax: A levy on the carbon content of fossil fuels.
Because virtually all of the carbon in fossil fuels is
ultimately emitted as CO,, a carbon tax is equivalent to
an emission tax on CO, emissions.
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Acronyms

°C Degree Celsius

CDR Carbon Dioxide Removal

Co, Carbon dioxide

COe Carbon dioxide equivalent

CoP Conference of the Parties to the UNFCCC
ETS Emissions Trading System

EU European Union

EV Electric Vehicle

G20 Group of twenty

GHG Greenhouse Gas

Gt Gigaton

GW Gigawatt

ICI International Cooperative Initiative

INDC Intended Nationally Determined Contribution
IPCC Intergovernmental Panel on Climate Change
LUC Land Use Change

LULUCF Land use, land-use change and forestry

m? Square metre

Mt Million metric ton

NDC Nationally Determined Contribution

NSA Non-state and Subnational Actor

OECD Organisation for Economic Cooperation and Development
PV Solar Photovoltaic

R&D Research and Development

SIB State Investment Bank

tCO, Metric ton of CO,

UNFCCC United Nations Framework Convention on Climate Change

USA United States of America



Foreword

The world is at last beginning to tackle its fossil fuel
addiction. Coal is no longer competitive, and wind

farms and solar installations are gathering pace —in
Australia, northern Europe, China, India and elsewhere.
Electric mobility and ride sharing are redefning transport,
especially in cities tired of breathing dirty air. Huge
strides in energy efciency are being made.

The problem, as the science here is telling us, is that
we're not making the change nearly as quickly as we
need to. This is of course not new — it's an almost
carbon copy of what we were told last year, and the

years before that. But what we do have is yet more
compelling science, and something that adds to that
provided by the 1.5 degree report recently released by the
Intergovernmental Panel on Climate Change.

The message is clear: we need to make an almost
existential change, the solutions are there, and we have
no excuse.

And yes, it is still possible to bridge the emissions
gap to keep global warming below 2°C. However, the
opportunity to bridge the 1.5°C gap is dwindling. We
can also see that the kind of unprecedented action we
urgently need is not happening yet: in fact, global CO,
emissions did increase in 2017 after a few years of
stagnation.

Even if the nations of the world live up to their current
commitments, that will likely result in global warming of
around 3°C by the end of the century. That's a number
that would be catastrophic — and fatal for many small
island states and coastal areas. The fact is that we are
already seeing climate change play out in front of us.
From the Caribbean superstorms to droughts in the Horn
of Africa, or record temperatures and wildfres, our planet
is already changing.

Xl

Closing the Emissions Gap means upping our ambition.
Net zero must become the new mantra, and we must
pursue this goal with confdence. After all, the science
and data also show us that reducing and offsetting
emissions does not mean cutting growth. Quite the
contrary.

The science also shows emission reduction potential
from other actors such as regional and local
governments and businesses — is very large. That
means that initiatives like the C40 cities coalition must
be commended and supported. So too must action to
improve air quality in cities — a double win that spares
both children from the trauma of asthma and tackles
some of the root causes of other emissions.

Current impacts of actions by other actors are still
limited and not well enough documented, but we need to
look for action in all corners of the modern world.

We can also see that fscal policies provide a huge
opportunity to reduce future emissions but need to be
designed and implemented carefully to deliver desired
results without creating economic and social issues.
The space for policies to boost innovation and open new
markets for emerging technologies and practices also
has signifcant mitigation potential.

The key is to understand we are not powerless in the
face of climate change. The science may be frightening,
but the solutions are clear. The only missing link is
leadership.

Joyce Msuya

Acting Executive Director
United Nations Environment Programme
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Executive summary

This is the 9™ edition of the UN Environment Emissions
Gap Report. It assesses the latest scientifc studies on
current and estimated future greenhouse gas emissions
and compares these with the emission levels permissible

for

achieve the goals of the Paris Agreement. This difference
between “where we are likely to be and where we need to
be” is known as the ‘emissions gap’. As in previous years,
the report explores some of the most important options

the world to progress on a least-cost pathway to

available for countries to bridge the gap.

The political context this year is provided by several
processes and events:

The Talanoa Dialogue — an inclusive, participatory
and transparent dialogue about ambitions

and actions, conducted under the auspices of

the United Nations Framework Convention on
Climate Change (UNFCCC) and designed to help
build momentum for new or updated Nationally
Determined Contributions (NDCs) to be submitted
by 2020.

context of the IPCC Special Report, as well as in other
recent scientifc studies. The assessment production
process has been transparent and participatory. The

assessment methodology and preliminary fndings were

made available to the governments of the countries

specifcally mentioned in the report to provide them with

the opportunity to comment on the fndings.

1.

Current commitments expressed in the NDCs are
inadequate to bridge the emissions gap in 2030.
Technically, it is still possible to bridge the gap

to ensure global warming stays well below 2°C
and 1.5°C, but if NDC ambitions are not increased

before 2030, exceeding the 1.5°C goal can no longer

be avoided. Now more than ever, unprecedented
and urgent action is required by all nations. The
assessment of actions by the G20 countries
indicates that this is yet to happen; in fact, global

CO, emissions increased in 2017 after three years of

stagnation.

* The Global Climate Action Summit in September

2018 — bringing together many non-state and
subnational actors (NSAs) that are actively

This year's report presents the newest assessment of the
emissions gap in 2030 between emission levels under
full implementation of the unconditional and conditional
NDCs and those consistent with least-cost pathways to

involved in climate issues.

The Intergovernmental Panel on Climate Change
(IPCC) Special Report on Global Warming of
1.5°C — focusing on “the impacts of global
warming of 1.5°C above pre-industrial levels

and related global greenhouse gas emission
pathways, in the context of strengthening the
global response to the threat of climate change,
sustainable development, and efforts to eradicate
poverty”. The Emissions Gap Report has benefted
signifcantly from the IPCC Special Report and its
underlying studies.

This Emissions Gap Report has been prepared by an
international team of leading scientists, assessing all
available information, including that published in the

stay below 2°C and 1.5°C respectively.

With the results of the new global studies
prepared for the IPCC report, the emissions

gap — especially to stay below 1.5°C warming —
has increased signifcantly in comparison with
previous estimates, as new studies explore more
variations and make more cautious assumptions
about the possibility of global carbon dioxide-
removal deployment.

Pathways refecting current NDCs imply global
warming of about 3°C by 2100, with warming
continuing afterwards. If the emissions gap is not
closed by 2030, it is very plausible that the goal of
a well-below 2°C temperature increase is also out
of reach.

































Chapter 1.
Introduction

Authors: Anne Olhoff (UNEP DTU Partnership) and John Christensen (UNEP DTU Partnership)

The year 2018 will most likely be the fourth warmest
year on record since 1880, with the past fve years the
Tfve warmest ever recorded (NOAA, 2018). In addition
to increased temperatures, 2018 has experienced
numerous other climate-related extremes, including
devastating storms, foods, heatwaves and droughts,
causing thousands of casualties and huge economic
losses for citizens, companies and states. While it is
difcult to attribute single events to climate change, the
patterns are well aligned with the fndings of the recently
released Intergovernmental Panel on Climate Change
(IPCC) Special Report on Global Warming of 1.5°C
(IPCC, 2018). The report details how climate variability
and extreme events will escalate with increased global
temperatures and determines that many impacts will
be irreversible, even if temperatures decrease again in
the long term. This Emissions Gap Report has benefted
signifcantly from the IPCC Special Report and its
underlying studies and scenarios.

In its decision to adopt the Paris Agreement, the
Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change (UNFCCC),
invited the IPCC to produce the special report on ‘the
impacts of global warming of 1.5°C above pre-industrial
levels and related to global greenhouse gas emission
pathways, in the context of strengthening the global
response to the threat of climate change, sustainable
development, and efforts to eradicate poverty'.

The IPCC special report is a major scientifc input to
the political process of the United Nations Climate
Convention, in which the Talanoa Dialogue plays a key
role this year. Both the IPCC report and the Talanoa
Dialogue are inputs to the stepwise ‘ramping-up’
mechanism of the Paris Agreement, created to address
the huge gap between the level of ambition refected
by countries in their current Nationally Determined
Contributions (NDCs) and the level required to achieve
the goals of the Paris Agreement. The Paris Agreement

specifes that countries must update their NDCs every
fve years and that each update should refect progress
in terms of enhanced ambition (UNFCCC, 2015). NDC
updates will be informed by global stocktakes, the frst
of which will take place in 2023, leading to revised NDCs
by 2025.

The 2018 Talanoa Dialogue! is an important precursor
to the global stocktakes. It is convened by the UNFCCC
as an inclusive, participatory and transparent dialogue
about future ambitions and current actions, designed

to take initial stock of countries’ collective efforts

and inform the preparation of new or updated NDCs

to be communicated by 2020 (UNFCCC, 2015:4). The
Dialogue consists of a preparatory and a political phase.
During the preparatory phase, Parties and non-Party
stakeholders are invited to submit inputs and participate
in discussions addressing three questions: Where are
we? Where do we want to go? How do we get there?

So far, Parties and non-Party stakeholders have shared
almost 500 stories, submitted over 280 written inputs
and attended over 75 events (UNFCCC, 2018). This

will be synthesized and presented at the 24" session

of the Conference of the Parties (COP 24) in December
2018, where the political phase will take place, informed
by the outcome of the preparatory phase, the IPCC
special report and the forthcoming Yearbook of Global
Climate Action (United Nations Climate Change
Secretariat).

The Global Climate Action Summit held between 12
and 14 September 2018 in San Francisco was another
signifcant event under the climate change political
process. It brought together more than 4,500 local and
regional government and business leaders and other
non-state and subnational actors on climate change
to showcase climate actions around the world (Global
Climate Action Summit, 2018). The Summit resulted in
more than 500 announcements to strengthen climate
action by non-state and subnational actors.

1 Previously referred to as the ‘Facilitative Dialogue’, the Dialogue was re-named under the COP Presidency of Fiji in 2017.






Chapter 2.

Trends and progress towards the Cancun pledges,
NDC targets and peaking of emissions

Lead authors: Takeshi Kuramochi (NewClimate Institute), Michel den Elzen (PBL Netherlands Environmental Assessment
Agency), Kelly Levin (World Resources Institute), Glen Peters (Centre for International Climate and Environmental

Research, Norway)

Contributing authors: Gabriel Blanco (National University of the Center of the Buenos Aires Province, Argentina), Jasmin
Cantzler (Climate Analytics), Frederic Hans (NewClimate Institute), Alexandre Koberle (Alberto Luiz Coimbra Institute
for Graduate Studies and Research in Engineering, Brazil), Lisa Luna (NewClimate Institute), Ritu Mathur (The Energy
and Resources Institute, India), Marilena Muntean (Joint Research Centre, European Commission), Jos Olivier (PBL
Netherlands Environmental Assessment Agency), Jorge Villarreal Padilla (Iniciativa Climatica de México), David Rich
(World Resources Institute), Fu Sha (National Center for Climate Change Strategy and International Cooperation, China),
Heleen van Soest (PBL Netherlands Environmental Assessment Agency)

2.1 Introduction

This chapter examines the latest trends in greenhouse
gas (GHG) emissions and progress towards achieving
both the Cancun pledges and Nationally Determined
Contributions (NDCs). Particular focus is given to the
peaking of emissions at the global and national levels
(section 2.2), the current status and recent trends

of global GHG emissions and for emitting countries
(section 2.3), and whether GHG emissions are peaking
at the national level and the implications for global
peaking. In addition, this chapter also assesses whether
countries are on track to meet their Cancun pledges and
NDC targets and provides and update of recent policy
developments in G20 member countries (section 2.4).

2.2 Peaking of greenhouse gas emissions

To limit global warming to well below 2°C and 1.5°C,
global GHG emissions have to peak and decline rapidly
thereafter. Mitigation pathways consistent with a likely
chance of achieving the temperature targets require that,
global emissions peak by 2020. The Paris Agreement
suggests that Parties should collectively aim to reach
global peaking of GHG emissions “as soon as possible”,
recognizing that “peaking will take longer for developing
country Parties” and should be guided by the principle
of equity, acknowledging common but differentiated
responsibilities and capabilities.

Global and national peaking of emissions and the ability
to meet the climate objective of the Paris Agreement
are dependent on three factors: the timing of national
and global peaking, the level of emissions peaking and

the rate of decline in emissions following the peak. It

is therefore crucial that countries not only commit to
peaking their emissions at lower levels, but that they
achieve this as soon as possible and that the subsequent
rate of emissions decline is substantial (Levin and Rich,
2017). Although this applies to all countries, major
emitters play a key role in determining when and at what
level global emissions peak. This chapter therefore pays
particular attention to G20 members, who currently
account for around 78 percent of global GHG emissions.

Figure 2.1 shows the steady progress from 1990 to 2030
in the number of countries that have either peaked their
emissions or are expected to do so, provided that they
meet their commitments, alongside the percentage of
global emissions of these countries. By 2030, up to 57
countries representing 60 percent of global emissions
will have peaked, if they fulfl their commitments.

A country is considered to have peaked its emissions

if two criteria are met: its emissions reached their
maximum level at least 5 years before the most recent
GHG inventory year; and the country has unconditionally
committed to continue lowering its emissions below the
peak emissions level in the future. In some countries
classifed as having peaked, emissions declined after the
initial peak year and then increased again, rather than
declining steadily after the initial peak year. Despite these
fuctuations, the initial peak year is still considered as the
peak, since emissions are below this maximum emission
level .t

1 See Levin and Rich (2017) for a full discussion of the methodology and assumptions on how peaking was determined. One limitation of the referenced study is that it takes
countries’ commitments at face value by assuming they will be achieved by the target date, without considering whether targets will be underachieved or overachieved.



4 EMISSIONS GAP REPORT 2018 — TRENDS AND PROGRESS TOWARDS THE CANCUN PLEDGES, NDC TARGETS AND PEAKING OF EMISSIONS

Figure 2.1: Number of countries that have peaked or are committed to peaking their emissions, by decade (aggregate)

and percentage of global emissions covered (aggregate).

Number of
countries that
have peaked:

p

Percentage of

countries:

By 1990

Source: Levin and Rich (2017).

Of the 19 countries that peaked their emissions in

or prior to 1990, 16 were former Soviet republics or
economies in transition or both.2 Other countries that
peaked by 1990 include Germany and Norway. By 2010,
39 of the world’s 43 Annex | countries peaked their
emissions. The 10 non-Annex | countries that peaked
by 2010 or earlier are Azerbaijan, Brazil, Costa Rica,
Georgia, Micronesia, Moldova, Montenegro, San Marino,
Serbia and Tajikistan. Brazil is the frst major emitting
developing country to peak their emissions, reaching a
maximum level in 2004.2

By 2020, all but one Annex | country (Turkey, an emerging
economy) are expected to have peaked their emissions.
15 non-Annex | countries are committed to peaking their
emissions by 2030 or sooner, including China (for CO,
only) and Mexico,* among others.

By 1990, three G20 members (the EU28, Germany and
Russia)® had peaked emissions. Half of G20 members
(additionally, Australia, Brazil, Canada, France, Italy, the
United Kingdom, and the USA) had peaked emissions by

global emissions 214 18% 36% ' 409 ’ 60%
covered by these

By 2000

53 57
49

By 2010 By 2020 By 2030

2010 and another four member countries’ emissions will
peak by 2020 (Japan and the Republic of Korea), or by
2030 (China (for CO, only) and Mexico) if commitments
are achieved. Given existing unconditional commitments,
six G20 members’ GHG emissions show no sign of
peaking, (Argentina, India, Indonesia, Saudi Arabia, South
Africa® and Turkey).

Figure 2.1 indicates that the number of countries
expected to peak by 2030 and the share of global
emissions they represent is insufcient for global
emissions to peak in the near future. The following
sections provide further insight into issues relating to
the timing of national and global peaking, the level of
emissions peaking and the rate of decline in emissions
following peaks, examining the status and trends in
current global emissions and progress of G20 members.

2.3 Current global emissions: status and trends

Total GHG emissions’®® have increased steadily since
1970, with trend variations usually explained by changes

2 It should be noted that while some of these countries’ commitments for 2020 and 2030 indicate an intended increase from recent emissions levels (e.g. Russia), future

commitments do not propose to surpass 1990 emissions levels.

3 Brazil's peak and subsequent decline in emissions reduction is primarily the result of actions to reduce deforestation in the Amazon region (Azevedo, T. R. et al. (2018)).
Any reversal of policy implementation could lead to increased emissions. Brazil's emissions, excluding land use, land-use change and forestry (LULUCF), have not yet peaked.

4 Mexico's NDC mentions “a net emissions peak starting from 2026” (UNFCCC, 2016).

5 Russia’s emissions peaked prior to 1990. Although Russia's commitments for 2020 and 2030 indicate an intended increase from recent emissions levels, its future

commitments do not propose to surpass 1990 emissions levels.

6 As aconservative assumption, South Africa is not considered as having a frm commitment to peak, since there is no guarantee that the conditions upon which they made the

pledge will be met.

7 This analysis is based primarily on GHG emissions data (fossil and industry CO, and sources of CH,, N,O and fuorinated gases, but excluding land use CO,) using EDGAR
v5.0 (CO,)/v4.3.2 FT2017 for non-CO, gases (Olivier et al., 2018). The largest changes compared with v4.3.2 FT2016 (Olivier et al., 2017) are in the CO, emissions, since
the energy consumption data have been revised and expanded to include updated energy statistics from the International Energy Agency (IEA) for the whole time series
to 2015 instead of to 2012 (from v4.3.2 to v5.0) and revised BP statistics for the latest years. Furthermore, revisions for cement clinker and gas faring were made using
updated statistics, which also changed the data before 2012, and the coverage of 3 other sources was improved (ethylene production, other chemical product use and waste
incineration).For non-CO, sources updated statistics from IEA, BP, the Food and Agricultural Organization of the United Nations (FAO) and UNFCCC (reported data), among
others were used to estimate the 2012—2017 CH, and N,O emissions. This means that statistics-based emissions are now updated to 2016 or 2017, with new statistics
and several revisions available for previous years. In total, these revisions show that total GHG emissions are roughly 0.9 GtCO,e higher than fgures presented in recent

Emissions Gap Reports.

8 There are various estimates of emissions from LUC based on different system boundaries (Grassi et al., 2018) and different methods (Le Quéré et al., 2018). There is no
commonly accepted value of emissions from LUC, with different estimates giving different emission levels and trends (Le Quéré et al., 2018). Global emissions from LUC also
have large inter-annual variability driven by weather phenomena (e.g. El Nifio). For this reason, LULUCF is not a focus of the analysis of global or country GHG trends.

9 Alternative datasets exist (particularly for CO, emissions), though they generally lead to the same conclusions due to similar growth rates. For this reason, the discussion

focuses only on one dataset.









percent of the total GHG emissions over the last decade
when excluding LUC, the top 7 (including Russia, Japan
and international transport) account for more than 66
percent, while G20 members contribute 78 percent.
Aggregated GHG emissions from G20 countries grew at
2.1 percent/year from 2004 to 2014, remained relatively
steady from 2014 to 2016 and are estimated to grow

0.9 percent in 2017. Even though emission reductions
are needed from all countries, the top emitters are
responsible for most of the changes in global emissions.

China emits more than one quarter (27 percent) of
global GHG emissions (excluding LUC), and the ups

and downs of Chinese emissions leave an important
signature on global emissions growth. From 2004 to
2014, Chinese GHG emissions grew at an annual rate of
6 percent (accounting for two thirds of global emissions
growth), before declining slightly from 2014 to 2016.
The slowdown during the 2014—2016 period was across
all GHGs, though CO, dominated the trend due to a
marked decline in coal consumption. Some reports have
speculated that Chinese emissions, more specifcally
coal consumption, may have peaked (Qi et al., 2016).
However, the increase of 1.2 percent in global CO,
emissions in 2017, due to renewed growth of emissions
at a rate of 0.9 percent, suggests that it may be too soon
to consider Chinese emissions to have peaked.

The European Union (EU) and USA play key strategic
roles in global climate policy due to their historical
responsibility, and together account for more than 20
percent of global GHG emissions (13 percent for the
USA and 9 percent for the EU, excluding LUC). Emissions
in the USA likely peaked in 2007 and decreased at an
annual rate of 0.4 percent from 2004 to 2014. The rate
of reductions increased from 2014 to 2016 (annual
declines of 2 percent), with signifcant drops in 2015 and
2016 due to less coal-powered electricity generation.
Emissions decreased slightly in 2017 by 0.3 percent.
Reductions have been strongest for CO, emissions,

but there has been strong growth in fuorinated

gas emissions. This indicates that the USA made
considerable contributions to the observed slowdown in
global GHG emissions growth for the 2014—2016 period.

The EU has had steady declines in GHG emissions

since 1990, with accelerated reductions of 2 percent/
year from 2004 to 2014. However, EU emissions have
been increasing since 2014 (on average 1 percent/year),
reversing the long-term trend. Increases in CO, emissions
due to strong growth in oil and gas use are largely
responsible for the overall rise, though N,O emissions
have also increased and the growth of fuorinated gas
emissions has also remained strong. CH, emissions
continued to decline but at a slower rate.

Due to its large population, India’s GHG emissions
represent 7.1 percent of the global total, despite its low
per capita emissions and large parts of the population
needing better living standards. Indian emissions grew
strongly in the 2004—2014 period, at an annual rate of 5

14 https://www.carbonbrief.org/guest-post-why-indias-co2-emissions-grew-strongly-in-2017.

percent, with only a slight respite during the 2014—2016
period, when the annual rate dropped to 3 percent.
India's GHG emissions are estimated to grow at a rate
of 3 percent in 2017 due to the demonetization process
(removal of some rupees from circulation) and the
introduction of a goods and services tax.*

Although the top 4 countries represent 56 percent of
global GHG emissions (excluding LUC), this does not
downplay the importance of the remaining countries.
GHG emissions in the Russian Federation are 4.6 percent
of the global total and since 2014 have continued to
grow by about 1 percent/year (excluding LUC). In Japan,
GHG emissions (2.9 percent of the global total) have
declined on average 1 percent/year since 2014, despite
signifcant fuctuations following the Fukushima Daiichi
nuclear disaster. Emissions from international aviation
and marine transport, which represent 2.5 percent of
global GHG emissions, have grown strongly at an annual
rate of over 2 percent since 2014.

Despite a distinct slowdown in emissions growth

from 2014 to 2016, initial data for 2017 indicates GHG
emissions have started to increase, both globally and

in key countries. It is unclear whether the 2017 growth
trend will be sustained in the next few years or whether
2017 will just be an anomalous year as global emissions
reach a plateau. While it seemed that global GHG
emissions could peak in the near future, recent changes
have now delayed this.

2.4 Assessment of current policies: are G20
members on track to meet the Cancun
pledges for 2020 and NDC targets for 2030,
and to peak their emissions?

2.4.1 Overview and comparison of G20 members

As G20 members currently account for around 78
percent of global emissions, they will greatly infuence
the achievement of the Paris Agreement climate goal.
This section provides an update of the extent to which
G20 members are putting in place and implementing
policies that enable them to meet the Cancun pledges
and NDCs. In addition, it offers an overview of G20
members’ respective shares of global emissions, the
implications of their unconditional NDCs for per capita
emissions and where they stand with respect to peaking
of emissions and decarbonization rates. Table 2.1
provides a comparative overview of this information for
all G20 members (with the EU28 represented collectively
instead of as the four Member States that are also
individual G20 members).

Collective progress towards the Cancun pledges
and NDCs
G20 members are collectively projected to achieve the

conditional end of the Cancun pledges for 2020 under
current policies. However, as table 2.1 indicates, six G20
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3.1 Introduction

This chapter presents an update of the emissions gap
in 2030. In line with previous reports, the emissions

gap is defned as the difference between where global
greenhouse gas (GHG) emissions are heading under the
current Nationally Determined Contributions (NDCs) and
where science indicates emissions should be in 2030

to be on a least-cost path towards limiting warming to
below 2°C or further to 1.5°C. The 2018 assessment
draws on several new studies that present updated

NDC estimates and additional low emission scenarios
in line with achieving the climate objective of the Paris
Agreement.

The chapter starts with an introduction to the scenarios
that have been used and the updates made (section
3.2). This is followed by an updated assessment of the
emissions gap in 2030 (section 3.3), which builds on an
updated assessment of emission levels in 2030, under
current policies, NDCs and emission levels consistent
with least-cost mitigation pathways to below 2°C to
1.5°C. The chapter then provides an update on the
implications of temperatures projections anticipated
under current NDCs (section 3.4), concluding with an
analysis of the effects of higher or lower emissions in
2030 (section 3.5)

3.2 Scenarios considered and updates made

The emissions gap assessment draws on three main
types of scenarios of total global GHG emissions in

the future: reference scenarios, NDC scenarios and
least-cost mitigation scenarios consistent with specifc
temperature targets (see UNEP, 2016, 2017). Each of
these scenarios and the updates made since the 2017
Emissions Gap Report are described below.

3.2.1 Reference scenarios and updates

Reference scenarios are useful benchmarks against
which progress in emission reductions can be tracked.
Two reference scenarios are considered: the no-policy
baseline and current policy scenarios. The no-policy
baseline scenario explores the trend of global GHG
emissions in the absence of climate policies post-

2005. It is based on mean projections of 179 baseline
scenarios assessed in the 5" Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC)
(Clarke et al., 2014). Recently, new no-policy baselines
have been published, though these have not resulted in
signifcant changes to the no-policy baseline scenario
estimates (Riahi et al., 2017; Luderer et al., 2018).

The current policy scenario estimates future global GHG
emissions, assuming that all currently adopted and
implemented policies (defned as legislative decisions,
executive orders or equivalent) have been realized and
that no additional measures are to be undertaken. The
scenario is based on the country analyses in chapter

2 and updated global analyses that use new data from
eight modelling groups. These include updated analyses
from the four modelling groups considered in the 2017
Emissions Gap Report (UNEP, 2017), namely, the Climate
Action Tracker (CAT, 2018), the Joint Research Centre
(Kitous et al., 2017), PBL Netherlands Environmental
Assessment Agency (Kuramochi et al., 2017; PBL, 2018)
and the International Energy Agency (IEA, 2017).

3.2.2 NDC scenarios and updates

NDC scenarios are used to estimate what the total
global GHG emissions would be in 2030 if countries
fully implemented their pledged contributions. Following
previous Emissions Gap Reports, two NDC scenarios
are considered: the unconditional and conditional NDC
scenarios.

Under the unconditional NDC scenario, it is assumed that
countries only implement mitigation-related actions of
their NDCs that have no conditions attached. Countries
that do not have an NDC or have only included a
conditional target are assumed to follow a current policy
scenario instead. Under the conditional NDC scenatrio, it
is assumed that countries implement both conditional
and unconditional mitigation actions of their NDCs.
Countries without an NDC are assumed to follow a
current policy scenario and those without a conditional
target follow the unconditional scenario.

Global emission projections from 15 modelling groups
are considered for the two NDC scenarios. These









3.3 The emissions gap in 2030

The emissions gap for 2030 is defned as the difference

between global total GHG emissions from least-cost
scenarios that are consistent with the 2°C and 1.5°C
temperature limits and the estimated total global GHG
emissions resulting from full implementation of NDCs.
To allow for a more nuanced interpretation of the Paris
Agreement’s temperature targets, this assessment
includes a below 1.8°C scenario. This section updates
the gap based on estimated levels of GHG emissions in
2030 for the scenarios described in section 3.2. Table 3
provides a full overview of 2030 emission levels for all
seven scenarios considered in this assessment, as well

as the resulting emissions gap. Figure 3.1 illustrates the

emissions gap in 2030.

Table 3.1 indicates that in the absence of further climat
action since 2005, that is, under a no-policy baseline

scenario, the total global GHG emissions in 2030 would
be 65 GtCO,e (range of 60—70 GtCO,e). Current policies
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are estimated to reduce global emissions in 2030 by

around 6 GtCO,e compared with the no-policy scenario.

There are no substantive updates to these estimates
compared with the 2017 assessment. The median
current policy estimate for 2018 is roughly 0.5 GtCO,e
lower than the 2017 estimate, which is within rounding
precision. The lower and upper limit of the range for
the current policy estimate has decreased by 2 GtCO.e
and 1 GtCO,e respectively due to lower projections
(see chapter 2, section 2.4). Overall, this implies that
1 studies have not identifed signifcant and unambiguous
progress in the implementation of policies that would
allow the NDCs to be achieved by 2030. However,

the estimates of global emissions in 2030 under the

current policy scenario have decreased slightly since
2015, from 60 GtCO,e (range of 58—62 GtCO,e) (UNEP,
e 2015) to 59 GtCO,e (range of 56—60 GtCO,e) in 2018,
indicating that some studies show slight progress in
policy implementation since the adoption of the Paris
Agreement.

Table 3.1: Total global greenhouse gas emissions in 2030 under different scenarios (median and 10" to 90™ percentile

range), temperature implications and the resulting emissions gap.

Global total
emissions
in 2030
[GtCO,€]

Scenario Number
(rounded to of
the nearest scenarios
gigatonne) in set

Estimated temperature outcomes

Emissions Gap in 2030
[GtCO,¢€]

No-policy 179 65 (60—70)
baseline
Current policy 4 59 (56—60) 18 (16—20) 24 (22—25) 35 (32—36)
HBCCOS”"'“O“G" 12 56 (52-58) 15(12-17) | 21(17-23) | 32(28-34)
Conditional 1 4 1 1 19 (15—2 29 (2 1
o 0 53 (49-55) 3 (9—15) 9 (15—20) 9 (26—31)
Peak: Peak: Peak:
. 1.7-1.8°C | 1.9-2.0°C | 2.4-2.6°C
Beeég;w ﬁ'o c 29 40 (38—45)
(66% chance) In 2100: In 2100: In 2100;
1.6-1.7°C | 1.8-1.9°C | 2.3-2.5°C
Peak: Peak: Peak:
. 1.6-1.7°C | 1.7-1.8°C | 2.1-2.3°C
Bseéﬁ}w L8 43 34 (30—-40)
(66% chance) In 2100: In 2100: In 2100:
1.3-1.6°C | 1.5-1.7°C | 1.9-2.2°C
. Peak: Peak: Peak:
Below 1.5°C in 15-1.6°C | 1.6-1.7°C | 2.0-2.1°C
2100 13 24 (22—30)
(66% chance) In 2100: In 2100: In 2100:
1.2-1.3°C | 1.4-15°C | 1.8-1.9°C

Note: The gap numbers and ranges are calculated based on the original numbers (without rounding), which may differ from the rounded numbers (3
column) in the table. Numbers are rounded to full GtCO,e. GHG emissions have been aggregated with 100-year global warming potential values of the IPCC
2M Assessment Report. The NDC and current policy emission projections may differ slightly from the presented numbers in Cross-Chapter box 11 of the
IPCC Special Report (Bertoldi et al., 2018) due to the inclusion of new studies after the literature cut-off date set by the IPCC. Pathways were grouped in
three categories depending on whether their maximum cumulative CO, emissions were less than 600 GtCO,, between 600 and 900 GtCO,, or between 900
and 1,300 GtCO, from 2018 onwards until net zero CO, emissions are reached, or until the end of the century if net zero is not reached before. Pathways
assume limited action until 2020 and cost-optimal mitigation thereafter. Estimated temperature outcomes are based on the method used in the IPCC 5%

Assessment Report.







differ from the ranges assessed in the 2017 report.

Table 3.1 shows that in the below 2.0°C scenario

(about 66 percent probability), which is consistent with
maximum cumulative emissions of 900—1,300 GtCO,,
GHG emission levels for 2030 are 40 GtCO,e (range of
38—45 GtCO,e). This is around 2 GtCO_e lower than 2017
estimates but well within the reported uncertainty range.
For pathways with maximum cumulative emissions of
600-900 GtCO,, which is consistent with keeping global
warming below 1.8°C with about 66 percent probability,
GHG emission levels for 2030 are 34 GtCO,e (range of
30—40 GtCO,e). For the below 1.5°C in 2100 scenario,
based on pathways where cumulated maximum CO,
emissions from 2018 are below 600 GtCO,, emission
levels in 2030 are as low as 24 GtCO,e (range of 22—30
GtCO,e). This is 12 GtCO,e lower than the estimate in
2017 of 36 GtCO._e (range of 32—38 GtCO,e), mainly
because many recent studies assume that less negative
emissions will be available over the course of this
century, thus requiring steeper emission reductions in the
next decades to keep peak warming as low as possible.
The inclusion of pathways consistent with keeping global
warming to below 1.8°C, combined with the indication of
temperature outcomes for about a 50 percent, 90 percent
and 66 percent probability, allow for a more nuanced
interpretation and discussion of what ‘well below 2°C’
means and implies in terms of emission reductions
required.

The emissions gap between estimated total global
emissions in 2030 under the NDC scenarios and
pathways limiting warming to below 2°C and 1.5°C is
illustrated in fgure 3.1, where the no-policy and current
policy scenarios are also included. Full implementation
of unconditional NDCs is estimated to result in a gap of
15 GtCO,e (range of 12—17 GtCO,e) in 2030 compared
with the below 2°C scenario. This is about 2 GtCO,e
higher than the gap assessed in the 2017 report, due to
the lower 2°C scenario estimate. If the conditional NDCs
are also fully implemented, the gap reduces by about

2 GtCO,e. The emissions gap between unconditional
NDCs and below 1.5°C pathways is about 32 GtCO_e
(range of 28—34 GtCO,e). This is about 13 GtCO,e higher
than assessed in the 2017 report, due to the lower 1.5°C
scenario estimates as explained above. Considering the
full implementation of both unconditional and conditional
NDCs would reduce this gap by roughly 3 GtCO_e.

In summary, the assessment amplifes concerns
regarding both ambition and action compared with
previous Emissions Gap Reports. According to the
current policy and NDC scenarios, global emissions are
not estimated to peak by 2030, let alone by 2020. The
NDCs are estimated to reduce global emissions in 2030
by a maximum 6 GtCO,e compared with a continuation
of current policies. As the emissions gap assessment
shows, reductions that are roughly 2 to 3 times higher are
needed to bridge the gap between conditional NDCs and
2°C pathways, and fve times higher to align emissions
with 1.5°C pathways.

21

3.4 Temperature implications of the NDCs

The implications for global warming by the end of the
century can be estimated based on the 2030 level of
GHG emissions resulting from full implementation of
the NDCs. The Emissions Gap Reports use a method
that builds on information from scenarios available in
the peer-reviewed literature. Such scenarios provide
internally consistent long-term emission projections
and relate 2030 GHG emission levels to temperature
outcomes throughout the 215t century (Rogelj et al.,
2016a). The method used in these reports has been
assessed in a recent study (Jeffery et al., 2018) to
provide consistent and useful results for a wide range of
emissions reduction levels in 2030, in contrast to some
of the other methods found in the literature consulted.

Assuming that climate action continues consistently
throughout the 215t century, implementing the
unconditional NDCs would lead to a mean global
temperature of around 3.2°C (with a range of 2.9—3.4°C),
relative to pre-industrial levels by 2100. Since these
projections do not reach net zero CO, emissions by
2100, temperatures are further projected to increase
thereafter. Full implementation of both unconditional and
conditional NDCs would reduce these estimates by 0.2°C
in 2100. These projections are identical to those made in
2017, within rounding precision.

3.5 Implications of 2030 emission levels

The large ranges in least-cost 2030 global GHG
emissions reported in table 3.1 for limiting warming to
below 2°C or 1.5°C not only refect variations between
models, but also differences in societal choices that
should be made to achieve desired climate outcomes.
Such outcomes may include deciding the degree to
which it is acceptable to rely on large-scale CDR after
2050, how mitigation action should be spread over
time or what an acceptable level of burden is for future
generations. Recent studies allow these choices to

be better understood by illustrating the implications
associated with aiming to achieve the higher or lower
end of the identifed ranges, or with missing them
altogether. The recently approved IPCC Special Report
on Global Warming of 1.5°C points out that the global
emissions outcome from the aggregate effect of the
NDCs is too high to prevent exceedance of the 1.5°C
threshold (IPCC, 2018; Rogelj et al., 2018). Here, the
focus is on implications of 2030 emission level choices
for (1) the future reliance and scale of CDR,; (2) the
simultaneous achievement of other sustainability
objectives; and (3) lock-in of carbon-intensive
infrastructure that makes future emission reductions
more difFcult.






Chapter 4.
Bridging the gap:
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Strengthening NDCs and domestic policies
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4.1 Introduction

The previous chapters of this report highlight the urgency
of enhancing ambition and strengthening mitigation
action without further delay. This chapter explores how
countries can refect increased mitigation ambition
through enhanced Nationally Intended Contributions
(NDCs) and strengthened domestic policies.
Furthermore, it looks into the opportunities for bridging
the emissions gap by delivering on enhanced ambition.

This chapter frst sets out the rationale and context

for enhancing ambition in NDCs, including the legal
context of the Paris Agreement, which requires regularly
enhanced ambition through fve-year cycles, as well

as factors that facilitate greater ambition (section

4.2). Next, it describes existing concepts of mitigation
ambition in the context of NDCs, as well as options for
them to refect enhanced ambition in their NDCs (section
4.3). Enhanced ambition sends an important signal to
stakeholders regarding mitigation commitment both
internationally and domestically. As domestic policies
are crucial to translating mitigation ambition into action,
this chapter subsequently explores the extent to which
main policy types, focusing specifcally on G20 members,
cover key sectors (section 4.4). Finally, it summarizes
the main insights into how much global greenhouse gas
(GHG) emissions could be reduced through enhanced
ambition and action from different perspectives (section
4.5), before highlighting the main conclusions (section
4.6).

4.2 Rationale and context for enhancing
Nationally Determined Contributions

To increase climate ambition over time, the Paris
Agreement establishes a fve-year pledge-and-review
cycle. Under this cycle, Parties prepare and communicate
successive NDCs every fve years. Each successive

NDC is to represent a progression beyond the Party’'s

current NDC, refecting its highest possible ambition
(UNFCCC, 2015). The Agreement notes that developed
country Parties should continue taking the lead by
setting economy-wide absolute emission reduction
targets, while developing country Parties should continue
enhancing their mitigation efforts, gradually moving
towards economy-wide emission reduction or limitation
targets in light of their capabilities and different national
circumstances. From 2023, a fve-yearly* ‘global
stocktake’ will assess collective progress towards the
Agreement’s long-term goals and inform the next round
of NDCs.

Prior to this, the Paris Decision invites those Parties with
NDCs for 2025 to communicate a new NDC, and those
with NDCs for 2030 to communicate or update their NDC,
by 2020. This follows the 2018 Talanoa Dialogue to take
stock of Parties’ collective efforts in relation to progress
towards the Agreement’s long-term goals and to inform
NDC preparation (see also chapter 1). The Decision also
invites Parties to undertake mid-century, long-term, low-
GHG emission development strategies, which may in turn
inform near-term NDCs and policies (UNFCCC, 2016).

A number of factors have changed since Intended
Nationally Determined Contributions (INDCs) were
communicated in the lead-up to 2015, creating a new
context in which Parties may consider communicating
or updating their NDCs for 2020. For example, the Paris
Agreement has been adopted and ratifed, indicating
the terms under which international climate policy

will proceed, and a growing number of countries

have adopted or strengthened their domestic policy
frameworks for addressing climate change (lacobuta et
al., 2018). Furthermore, the price of renewable energy
and other low-carbon solutions has continued to fall
more rapidly than expected (IRENA, 2018), and countries
are continuing to decouple economic growth from GHG
emissions. The 2018 Global Climate Action Summit
revealed new actions and commitments on the part of
non-state actors.

1 Unless otherwise decided by the Conference of the Parties serving as the meeting of the Parties to the Paris Agreement.
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Box 4.1 Examples of enhanced
mitigation ambition in NDCs

Several Parties have either enhanced the
ambition of their NDCs relative to their
INDCs or have articulated their intent to do
s0.2 For instance, Morocco has moved from
a 13 percent to a 17 percent unconditional
reduction in GHG emissions relative to a
business-as-usual scenario by 2030, while
increasing its conditional target from 31 to
41 percent. Argentina and Indonesia have
also adopted more modest increases in
GHG target stringency. Likewise, Morocco,
Nepal, Pakistan, Sri Lanka and Uruguay have
adopted new commitments and actions,
while Mali has adopted an unconditional GHG
target in addition to its existing conditional
target (Fransen et al., 2017).

4.3 Options for Parties to enhance mitigation
ambition

Chapters 2 and 3 presented detailed estimates of the
level of GHG emissions that will occur in future years

if a country implements its NDC, and if it continues

to implement its current domestic policies. The two
seldom match, for multiple reasons. First, countries may
need time — often many years — to adopt and begin to
implement the domestic policies necessary to achieving
the targets contained in their NDCs. In the meantime,
NDCs will refect a higher level of mitigation ambition
(that is, lower future emissions) than current domestic
policies. In other cases, countries may establish
relatively conservative NDCs, and then, through domestic
policies or other economic trends, fnd themselves on
track to over-deliver. In these cases, NDCs will refect a
lower level of mitigation ambition (that is, higher future
emissions) than will domestic policies. Finally, some
Parties intend to purchase offsets to close any gap
between their domestic policy ambition and their NDC
commitments, in which case current policies would
refect future emissions that were higher than NDC
targets, but which would be offset.

Ultimately, as domestic policy has the power to control
emissions, through regulation or economic incentives,
ambitious NDC goals will be irrelevant unless domestic
policy follows suit. Nevertheless, the ambition refected
in NDCs is also important because it signals to the
international community the contribution that the country
intends to make to solve the global issue of climate
change, and it delineates the commitments on which
the country will report to the international community.
This section therefore outlines options for increasing
ambition both in NDCs and in domestic policy.

An NDC with enhanced mitigation ambition can be
defned as an NDC that “if fully implemented, would
result in lower cumulative [GHG] emissions than the

fully implemented existing NDC” (Fransen et al., 2017).
Furthermore, it is argued that “ambition should be viewed
as a combination of target-setting, preparedness to
implement, and a capacity to sustain further reductions
over time” (Levai and Baron, 2017). While both defnitions
consider the impact on cumulative emissions, the latter
more explicitly considers a time frame to mid-century, as
well as implementation capacity.

There are a number of ways in which a country could
refect enhanced mitigation ambition in its NDC: fgure
4.1 illustrates four categories of options for doing so
(based on Fransen et al. (2017)). First, a country could
strengthen its existing GHG target, for example by
increasing its stringency, expanding the sectors and
gases that it covers or strengthening its modalities, such
as those related to land-sector accounting or market
mechanisms. It could also adopt a new GHG target.
Second, it could pursue similar options vis-a-vis sectoral
non-GHG targets, such as those to enhance renewable
energy or energy efciency or to limit deforestation.
Third, a country could opt to strengthen or expand the
policies and actions mentioned in its NDC. At sufcient
scale, this could enhance the NDC'’s overall ambition,

as well as providing confdence in the country’s
preparedness to implement. Finally, the country could
commit to an implementation pathway that will sustain
GHG reductions over the long term, limiting cumulative
emissions.

These options are not mutually exclusive and whether
an NDC revision results in enhanced ambition according
to the defnitions above depends on the scale of the
revision, rather than how it is articulated in the NDC.

It is important for countries to consider a wide range

of options, in order to identify those that are most
meaningful and practical in their unique circumstances,
and in order to enable deep emission reductions.

2 https://www.wri.org/blog/2018/04/insider-whats-changing-countries-turn-indcs-ndcs-5-early-insights.
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Figure 4.1: Typology of strengthening mitigation ambition of NDCs.

Strengthen or add a
GHG target

Increase the
stringency of an
existing GHG target

Expand the scope
and coverage of an
existing GHG target

Change the
target period of an
existing GHG target

Strengthen or add a
sectoral non-GHG
target

Increase the stringency

of a sectoral
non-GHG target

Advance the target
year of a sectoral
non-GHG target

Declare an intent to

overachieve a sectoral

non-GHG target

Declare an intent
to overachieve an
existing GHG target

Adopt a new sectoral
non-GHG target

Strengthen the
modalities of an
existing GHG target

Change the type of an
existing GHG target

Adopt a
new GHG target

Source: adapted from Fransen et al. (2017).

4.4 Strengthening domestic policies

Domestic policies are critical for translating mitigation
ambition into action. The suite of domestic policies to
address climate change can be strengthened, both by
expanding policy coverage to additional sectors and
issues and by enhancing the stringency of existing
policies.

A number of studies and initiatives analyze the coverage
and stringency of domestic policies in G20 member
countries (see, for example, OECD, 2016; CD-LINKS, 2018;
Climate Transparency, 2018). As described in chapter 2,
these countries account for roughly 78 percent of global
emissions. These studies fnd that there is signifcant
scope for enhancing the ‘coverage’ of G20 members’
national policies — that is, the presence of a policy
addressing a particular sector, without considering

its stringency. Evaluation of the coverage of ‘good-
practice polices’ highlights that while policies to support,

2

Align imlementation
of the existing NDC
with long-term goals

Strengthen or add
policies and actions

Strengthen existing

o ; Commit to achieving
policies and actions

the existing NDC via
policies and actions
that support long-term
decarbonization
pathways

Add new
policies and actions

for example, renewables in the electricity sector are
widespread (100 percent of G20 members), coverage is
scattered in other areas. To illustrate (CD-LINKS, 2018):

* Reducing transport-related fossil fuel subsidies is
covered by only 38 percent of G20 countries.

» Overarching carbon pricing for the electricity
sector is covered by only 44 percent of G20
members.

* Material efFciency measures in industry show
38 percent coverage, while CH, from oil and gas
production have 38 percent coverage.

» Support schemes for using renewables in
buildings’ heating and cooling systems are
covered by only 19 percent of G20 members.

e Emission standards for heavy duty vehicles are
covered by 56 percent, while e-mobility programs
are covered by 31 percent of G20 members.



26 EMISSIONS GAP REPORT 2018 — BRIDGING THE GAP: STRENGTHENING NDCS AND DOMESTIC POLICIES

Even if an area is covered by a policy instrument or policy
package, the stringency of policies varies signifcantly
between countries. Assessments of stringency are

more challenging than those of coverage and direct
comparison is difcult due to very different domestic
circumstances and choices of policy instruments.
Although methods to rate the stringency of policy
packages are emerging, there are still relatively few. For
example, the Allianz Climate & Energy Monitor (Allianz,
2017) compares the stringency of a policy package

to support renewables in the electricity sector of G20
countries; the Climate Change Performance Index (CCP],
2018) rates overall climate performance using expert
surveys; and the OECD (2016) assesses and compares
the stringency of environmental policies in OECD
countries. A common insight from these initiatives is that
there is signifcant potential to enhance the stringency of
domestic policies in all countries, including in the area of
carbon pricing, which is explored further in chapter 6.

A few examples of policies that have had — or could have
— a signifcant effect on reducing GHG emissions are
given below (based on Fekete et al., 2015; Kriegler et al.,
2018; Roelfsema et al., 2018). These areas could be used
as a starting point for countries to consider options to
expand the coverage or stringency of their policies:

* Renewable electricity share in global total
electricity generation has increased signifcantly
in the EU-28 by, on average, 1.5 percentage
points/year during 2005—2014 (IEA, 2016). This
increase is related to the Renewable Energy
Directive (European Parliament, 2009), which is
implemented in member states in various ways.

* Phase-out of unabated coal-fred power plants
(that is, without Carbon Capture and Storage
(CCY)), is planned in a number of EU countries
(Jones and Gutmann, 2015). At the subnational
level, Alberta (Government of Alberta, no date)
and Ontario in Canada phased them out in 2014
(Harris et al., 2015), followed by South Australia
in 2016 (Parkinson, 2016). Canada has a plan to
phase out coal-fred power plants without CCS by
2030 (Government of Canada, 2016). Meanwhile,
India’s Electricity Plan (Central Electricity
Authority, 2018) also projects signifcantly fewer
new coal-fred power plants than previously
planned.

* Interms of industrial energy efciency, there
is only limited evidence that existing policies in
major emitting countries have made signifcant
impact well beyond business-as-usual. The
literature suggests that autonomous energy
efciency improvement is about 1 percent
annually (Blok, 2004; UNIDO, 2010) and an
improvement of anywhere close to 2 percent
annually is considered challenging, especially in
developed economies (Blok, 2004).

* In heating and cooling for new buildings, a
particularly stringent example is the EU Energy
Performance of Buildings Directive (European
Parliament, 2010), which calls for all new

buildings to be nearly zero energy by 2020. The
EU also has an encouraging national target to
renovate 3 percent of all public buildings/year to
increase their eFciency. Nevertheless, challenges
remain in implementing these targets.

» For electrical appliances and lighting, Japan’s
Top Runner Program (METI, 2015) is worth
mentioning. The energy e¥ciency improvement
rates for 24 appliances (including heating and
cooling as well as cooking appliances) over
varying time periods of 4-9 years was, on average,
0.9 percentage points/year higher than the
targeted rates (Ibid.).

* The global market share for electric vehicles
(EVs) is still small, with 3 million sales in 2017
(IEA, 2018). In Norway, however, EVs (including
plug-in hybrids) accounted for nearly 39 percent
of new cars in 2017 (IEA, 2018) and even
higher recently. A multi-layered policy package
comprised of fnancial incentives and behavioral
incentives (e.g. allowing EV drivers to use bus
lanes and free public parking) contributed to
these high EV sales (Figenbaum et al., 2015).

» For fuel economy of new vehicles, the EU sets
one of the strictest standards in the world (Yang
and Bandivadekar, 2017), recognizing that there
is a performance gap between test mode and
real-world fuel-economy fgures, estimated at 30
percent (ICCT, 2016).

» For freight transport, only Japan, the USA, Canada
and China have CO, or efciency standards for
heavy duty vehicles (Muncrief and Rodriguez,
2017); the USA and Canada have separate engine
standards in addition to full-vehicle regulations,
including aerodynamic and rolling resistance
to specifcally drive improvements in engine
efciency.

Gaps in coverage as well as stringency suggest that
there is considerable scope for countries to strengthen
their domestic policies and to achieve emission
reductions that are considerably beyond the ambition
refected in current policies and NDCs.

4.5 The scope for bridging the emissions gap
through enhanced ambition and strengthened
action

This section explores the answers to two central
questions of the Emissions Gap Reports: Is it possible
to bridge the emissions gap by 2030? What are the
main opportunities? It summarizes the main insights
into how much global GHG emissions could be reduced
through enhanced ambition and action from different
perspectives: by realizing the full technical potential
for mitigation; applying existing good-practice policies
universally; maximizing development benefts; and
flling gaps in NDC coverage. These perspectives offer
different, but not mutually exclusive, lenses through
which to approach both domestic policies and NDC
enhancement.
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sectors and gases are comparable with those in sectors
and gases currently covered by NDCs, the global
potential is limited to a few GtCO,e by 2030 (Rogelj et
al., 2016). At the same time, countries could elect to go
beyond the existing level of ambition in increasing their
coverage. Ross et al. (2018) fnds signifcant potential,
including development benefts, in addressing short-lived
climate pollutants. However, while some countries have
important gaps to fll in sectors and gases, from a global
perspective, the bulk of the mitigation potential lies in
strengthening the emissions reductions from sectors
and gases that are already covered by NDCs.

4.6 Summary

To bridge the 2030 emissions gap and ensure long-term
decarbonization consistent with the Paris Agreement
goals, countries must enhance their mitigation ambition.
This chapter has illustrated how enhanced ambition

can be refected in revised NDCs as well as in domestic
policies, each with unique value. NDCs establish
international accountability and convey a direction of
travel to both domestic and international stakeholders,
while domestic policies directly incentivize actions to
reduce emissions.

When considering the mitigation ambition of either NDCs
or domestic policies, it is important to consider the effect
not only on the 2030 emissions gap, but also on long-
term emissions trajectories to mid-century.

There are a range of options for enhancing both the
coverage and stringency of domestic policies, including
of G20 members. While all G20 countries have policies
to support renewables in the electricity sector, stringency
of these policies can still be enhanced. Gaps in both
coverage and stringency remain in, for example, fossil
fuel subsidy reduction, material eFciency measures

in industry, oil and gas methane, support schemes for
renewables in heating and cooling, emission standards
for heavy duty vehicles, and e-mobility programmes.

Chapter 6 looks at the role that strengthened fscal
policies can play in creating stronger incentives for low-
carbon investments and for reducing GHG emissions,
with a particular emphasis on carbon pricing.

The technical potential for reducing GHG emissions
is signifcant and could be su¥cient to bridge the
emissions gap in 2030. Three broad areas have the
largest potential: renewable energy from wind and
solar power; energy-efcient appliances and cars; and
afforestation and stopping deforestation.

In all countries, there is signifcant potential to realize
a substantive part of the technical mitigation potential
by replicating proven good-practice policies that

can simultaneously contribute to key Sustainable
Development Goals (SDGs). Realizing this potential
would narrow the gap by 2030 signifcantly beyond
current NDCs.

This chapter summarizes only an initial list of
perspectives, leaving out a number of important
perspectives and opportunities. Non-state and
subnational actors in particular have the opportunity
both to be part of implementing mitigation commitments
made at the national level and to go beyond current
pledges and create the space for, and the trust of,
national governments to raise ambition. Chapter 5
assesses the role of these actors in enhancing global
climate ambition and bridging the emissions gap, based
on the most recent literature.

Another important issue is the role that accelerated
innovation can play in bridging the emissions gap

and realizing the longer-term emission reductions
required to achieve the goals of the Paris Agreement
with global implications. Chapter 7 explores how
combining innovation in behavior and in the use of
existing technologies with promoting investment in new
technologies and market inventions has the potential

to radically transform societies and reduce global GHG
emissions.
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5.1 Introduction

Global climate change governance is diversifying
rapidly: in recent years, political attention has been
acknowledging the increasingly important role of non-
state and subnational actors such as cities, states,
regions, companies, investors, foundations, civil society
organizations, and cooperative initiatives.

This chapter, assesses the role of non-state and
subnational actors’ in enhancing global climate ambition
and bridging the emissions gap, based on the most
recent literature.

The chapter begins with a brief overview of the
increasing engagement of non-state and subnational
actors (NSASs) in the UNFCCC process (section 5.2),
before examining the landscape and trends in terms

of NSAs'’ individual commitments and international
cooperative initiatives (ICls) (section 5.3). Section 5.4
provides an assessment of the emission reduction
potentials estimated by the latest studies and looks

at non-quantifable, roles of NSAs that have important
implications for global climate change governance. The
fnal section summarizes some of the key ways forward
for harnessing the potential of NSAs’ climate action to
bridge the emissions gap (section 5.5).

5.2 Non-state and subnational actors and
climate change negotiations:
from Paris to Katowice

The 2015 Conference of the Parties to the UNFCCC held
in Paris showed an increased institutionalization of NSA
processes and engagement (UNEP, 2016), paving the
way for NSAs to play an increasingly prominent role in
supporting Parties’ mitigation and adaptation efforts.
Specifcally, the Paris Agreement:

1 Non-Party Stakeholders is the term the UNFCCC uses for NSAs.
2 Dr. Laurence Tubiana (France) and Dr. Hakima El Haite (Morocco).

» Encourages Parties to work closely with non-Party
stakeholders? to catalyze efforts to strengthen
mitigation and adaptation action (paragraph 118).

* Encourages non-Party stakeholders to register
their climate actions in the Non- State Actor Zone
for Climate Action platform (paragraph 117).

» Convenes a high-level event building on the
Lima—Paris Action Agenda during the period
2016—2020 in conjunction with each session of
the Conference of the Parties (paragraph 120).

* Appoints two high-level champions on behalf of
the President of the Conference of the Parties to
catalyze NSAs (paragraph 121).

Following Paris, the frst two high-level champions?
launched the Marrakech Partnership for Global Climate
Action during the 2016 Conference of the Parties to
continue mobilizing NSAs’ support of the Parties, and
alignment with the Sustainable Development Goals (MP
Work Programme 2017—2018).

During the 2017 Conference of the Parties, the
champions were asked to align the Marrakech
Partnership with the 2018 Talanoa Dialogue that takes
stock of Parties’ efforts towards the Paris Agreement
goals and aims to inform the preparation of new or
updated NDCs by 2020 (Decision 1/CP.23, Annex Il).
They also presented the frst yearbook on climate action
that reports on NSA actions and is expected to inform
the Talanoa Dialogue. By April 2018, 109 NSA inputs
had been registered with the Talanoa Dialogue, which
will take place at the 24" Conference of the Parties in
Katowice December 2018.

In parallel with the UNFCCC process, national and
regional initiatives have emerged to stimulate and
support NSAs in the European Union, Latin America and
Asia, among others (Chan et al., 2018).
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In September 2018, the Global Climate Action Summit
held in San Francisco, CA showcased climate actions
by NSAs around the world, convening over 4,500

local and regional governments and business leaders
(Global Climate Action Summit, 2018). More than 500
announcements were made, including:

e A coalition of over 100 subnational leaders and
CEOs committed to become carbon neutral by
2050.

* A 40 percent increase in the number of
businesses committing to adopt ‘Science-based
Targets’ in line with the Paris Agreement goals.

* The launch of a forest, food and land-focused
coalition aiming to deliver 30 percent of climate
solutions needed by 2030.

* A new waste initiative involving more than 20
subnational governments committing to zero
waste.

* More ambitious NSA commitments, including
California’s Governor committing to carbon
neutrality by 2045 and a coalition of around 65
members committed to full decarbonization in the
‘Powering Past Coal Alliance'.

The outcomes of the Summit will inform the UN 2019
Climate Summit, which will be convened by the UN
Secretary General to challenge states, regions, cities,
companies, investors and citizens to step up action in six
key areas: energy transition, climate fnance and carbon
pricing, industry transition, nature-based solutions, cities
and local action, and resilience.

5.3 Overview of cooperative initiatives and
individual commitments by non-state and
subnational actor

NSA climate action comes in many forms. This section
focuses on two categories: individual NSA actions
(section 5.3.1) and cooperative actions through
international cooperative initiatives (ICIs) (section 5.3.2),
both of which are on the rise. By 1 October 2018, just
over 19,136 commitments to action had been recorded
in the Non-State Actor Zone for Climate Action (NAZCA),
the largest online platform showcasing climate efforts
by subnational and non-state actors. Almost two-thirds
of these commitments are by individual actors, while just
over one-third are cooperative initiatives (including ICIs.
See also box 5.1).

Box 5.1 Defning international
cooperative initiatives

Although there is no single defnition of an
international cooperative initiative (ICI), a
number of terms and common characteristics
help characterize them. When non-state or
subnational actors from at least two different
countries “adhere to rules and practices that
seek to steer behaviour towards shared,
public goals” across borders (Andonova et al.,
2017), they engage in “transnational climate
governance” (Andonova et al., 2009). Broader
coalitions made up of countries, companies,
non-governmental organizations (NGOs),
academia, international organizations or
subnational public actors, such as cities and
regions, form cooperative initiatives (Blok

et al.,, 2012). When these coalitions cross
national borders they become “international
cooperative initiatives” (Widerberg and
Pattberg, 2015).

Box 5.2 Framing climate action
in developing countries

Linking sustainable development and climate
change provides a powerful rationale for
climate action. Evidence suggests that
citizens are more likely to take climate action,
or to support government action on climate
change, if the sustainable development
benefts of these efforts are emphasized
(Floater et al., 2016). Communicating the
sustainable development gains that are often
co-generated alongside climate mitigation

or adaptation may be particularly important
among NSAs in developing countries and the
Global South.

One example is the Indian city of Rajkot,
which “has emerged as a climate innovator”
by focusing on projects that deliver urban
development benefts, and support climate
action as a supplementary goal or co-beneft.
The political feasibility of climate action
increases when connected to “more familiar,
and often more immediate, urban priorities”
(Bhardwaj and Khosla, 2017).

However, if actions and policies that generate
substantial mitigation or adaptation benefts
are framed and registered according to their
ability to reduce poverty, create jobs, foster
economic growth, or protect public health,
they may fall under the radar of climate
accounting efforts. This might be one of the
reasons for the lower representation of NSA
climate action in developing countries and
the Global South.



















36 EMISSIONS GAP REPORT 2018 — BRIDGING THE GAP: THE ROLE OF NON-STATE AND SUBNATIONAL ACTORS

Lead organization and secretariat

The existence of a secretariat and a lead organization

is likely to infuence ICI performance (Pattberg and
Widerberg, 2016). Initiatives with a permanent secretariat
report both higher-than-average potential emission
reduction contributions in 2020 and 2030, and higher
indirect impacts, complementary goals and co-benefts,
such as diffusion of information, political effects,
technology development, reduced air pollution, improved
health, and strengthened energy security and economic
development (Graichen et al., 2017). Similarly, the active
involvement of NGOs, as either leaders or ICI members,
has been shown to be associated with higher potential
emission reductions and potentially larger co-benefts
(Graichen et al., 2017).

Almost all (217) of the ICls included in CIP state that they
have a secretariat, in many cases hosted by one of the
larger organizations participating in the ICI, but it is not
possible to assess how many of these secretariats are
permanent. In fact, some studies suggest that most ICls
lack a permanent secretariat (Graichen et al., 2017; Chan,
2018).

Functions

ICls primarily provide information and knowledge-related
services to their participants (fgure 5.3). Although the
distribution of functions has remained relatively stable
over time, a few new functions have recently emerged,
including fnancing and fund-raising. In a recent survey
of 75 ICls, funding was found to be the most common
challenge, reported by approximately 30 percent of
respondents (UNFCCC, 2017). Meanwhile, fnancial and
organizational capacity tends to be associated with high-
performing ICls (Biermann et al., 2007; Chan and Pauw,
2014; Chan et al., 2015; Galvanizing the Groundswell of
Climate Actions, 2015; Widerberg and Pattberg 2015).
The recent growth in ICIs’ fund-raising and fnancing
activities is therefore promising and may suggest
increased efforts to address the challenges reported.

5.4 The potential contribution of non-state and
subnational actors to enhancing ambition and
bridging the 2030 emissions gap

At the international level, there is particular interest

in how much NSAs could contribute to global GHG
emission reductions by 2030 and the extent to which
these potential contributions are already included in
national current policy and NDC estimates. Section

5.4.1 assesses the most recent studies on these issues,
while section 5.4.2 addresses the questions related to
tracking the progress and results of NSA action. NSAs
also play a number of critical roles that do not easily lend
themselves to quantifcation, but may nevertheless be
important to enhancing ambition and bridging the 2030
emissions gap. Section 5.4.3 provides a brief overview of
such roles.

5.4.1 Estimates of potential emission reductions
in 2030 of non-state and subnational actors

The 2016 Emissions Gap Report (UNEP 2016) published
an overview of quantitative analysis of the potential
contribution of NSA actions to global emissions
mitigation in 2030, illustrating a wide range of results.
Since these estimates were published, the number of
studies that quantify NSAs’ potential contribution to
global climate action has grown, with more networks and
researchers conducting analysis of aggregate impact of
member groups on global emissions. These studies can
be divided into three categories:

1. Individual commitments: estimate the aggregate
impact on emissions from pledges by individual
cities, regions or business actors that commit to fully
implement the targets they set themselves.

2. Single initiatives: estimate the potential impact on
emissions from a single cooperative initiative goal,
assuming this is implemented by all actors under
the initiative. Often, individual actors subscribe to a
collective cooperative initiative (which can be an ICl)
that together sets a goal for the initiative. The single
initiative studies assess the emission reductions
of the initiative’s goals, rather than pledges that
individual actors take themselves. The estimated
emission reductions subsequently involve some
scaling up of the potential.

3. Scaled-up potential of multiple initiatives: estimate
the potential emission reductions from several
initiatives that would occur if the initiatives reached
a transformative impact at the sector- or economy-
wide level. These studies apply a range of signifcant
assumptions on how actions are expanded; from
assuming that all members within a network will
adopt an ICI's ambitious emission reduction goal,
to that membership will grow to a certain number
of actors and cover a certain number of additional
sectors. These studies therefore estimate greater
reduction potential at the sector- or economy-wide
level.

Table 5.2 provides an overview of available studies,
organized according to these three categories. The table
shows the wide range of potential emission reductions
estimated in various studies — from companies based in
the United States of America contributing 0.026 GtCO,e
in 2025 (America's Pledge 2018) to as much as 15-23
GtCO,e in 2030 based on an evaluation of the scaled-up
potential of 21 cross-sector, multi- actor ICls (Data-Driven
Yale, NewClimate Institute and PBL, 2018).

Due to the variable baseline methodologies and
assumptions adopted by each study, as well as different
scopes in terms of actors and emissions covered, the
wide range of overall impact assessment is unsurprising.
Some studies focus on NSA impact in a single country,
such as the United States of America (Roelfsema, 2017),
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5.5 Opportunities for harnessing the potential of
NSA climate action to enhance ambition and
bridge the emissions gap

The previous sections illustrate the magnitude,

diversity and potential contributions of NSAs to climate
change action, forming the basis for a number of
recommendations on how to further strengthen NSAs’
action to realize their emission reduction potential. These
recommendations are briefy summarized below.

First, more actors must engage in climate action. Scaling
up individual and collaborative climate action to more
geographic areas, sectors and types of actors could
signifcantly contribute to realizing the large mitigation
potential of NSAs. NSAs from previously under-
represented regions of the world are starting to take
action. Many regions, particularly in the Global South,

are still under-represented in terms of participants,

lead organizations, and the location of secretariats.
Encouraging NSAs in developing countries to engage

in initiatives would facilitate climate action in growing
economies with potentially large and low-cost mitigation
potentials. Scaling up also entails ensuring a broad range
of sectors, including currently under- represented ones
such as oil and gas.

Second, national governments can play a vital role by
stimulating this growing movement, and can for example
support non-state actors by providing collaboration
platforms, capacity building and technical and fnancial
resources. Furthermore, national political institutions
are crucial to transnational climate action (Andonova

et al., 2017). Governments can also support the
implementation of individual commitments. In order to
support urban climate action, for example, governments
could develop policies and approaches for enhancing
the capacity of local governments, including providing
fnancial investments and enabling private investments
to lower GHGs (Broekhoff et al., 2018).

Third, transparency is critical to assessing NSA

actions and tracking their implementation. This report
clearly shows that although progress is being made,
transparency and related monitoring, reporting and
verifcation standards require improvement at all

levels: individual, cooperative initiative, and global.
Commitments are often vague in terms of goals,
language and enforcement mechanisms, while different
baselines, timelines and assessment frameworks

are used to report on progress. Implementing
monitoring, reporting and verifcation mechanisms

for cooperative initiatives is particularly important,

in order to document tangible results, NSA climate
actions could gain credibility among the broader public
and decision makers. These mechanisms would also
facilitate learning, allowing the organization to assess
performance on an ongoing basis and to experiment with
new approaches.

Data collection and reporting efforts are starting to
enable more sophisticated analysis on the potential

for NSA climate action to contribute additional GHG
reductions beyond national governments commitments.
However, data gaps (particularly in high-emitting

sectors and developing countries) limit these analysis,
meaning they do not necessarily capture the diversity

of the NSA climate action taking place. Particularly
where sustainable economic development is a pressing
concern, NSA climate action takes on different forms
besides participation in transnational climate action
networks, focusing also on adaptation, capacity- building
and resilience functions that are more difcult to quantify
and aggregate on a global scale.

Finally, NSAs play different important roles and

functions and their contribution to global climate change
governance goes beyond what can be measured in terms
of direct emission reductions. These aspects — including
orchestration, catalytic effects, and experimentation —
should therefore be kept in mind.
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6.1 Introduction

Fiscal policies can affect fossil fuel prices and therefore
infuence carbon emissions and investments in the
energy sector. However, current price signals from excise
taxes and carbon pricing are too low and inconsistent to
encourage strong and cost-effective mitigation. In some
countries, and for some fuels, carbon prices are even
negative due to high fnancial support for fossil fuels.
This chapter assesses the fscal policy gap between
current fscal policy and its potential for reducing carbon
emissions and collecting public revenue. It provides
country examples and further considerations of how to
overcome this gap.

While coverage, price levels, and coordination and
cooperation efforts are increasing, carbon prices are
often low and inconsistent, as illustrated in fgure 6.1.
This depicts the distribution of carbon rates for energy
use across all sectors and fuels for 42 Organization for
Economic Cooperation and Development (OECD) and
G20 countries, which together represent 80 percent of
global CO, emissions from energy use (OECD, 2018b).
Effective carbon rates are policy-induced increases in
(relative) fossil fuel prices, expressed per tonne of CO,.
They include carbon taxes and permit prices related to
existing ETS, as well as excise taxes on energy.

6.2 The current state of fscal policies
and their potential for the
low-carbon transition

6.2.1 Carbon pricing

Increasing the price of carbon emissions
through carbon taxes or emissions trading
systems (ETS) is a core element of climate
policy. Before 2005, hardly any emissions
were covered by carbon taxes or trading
systems (World Bank and Ecofys, 2018).
Coverage increased to about 5 percent of
global greenhouse gas (GHG) emissions
between 2005 and 2010, primarily because of
the introduction of the European Union’s ETS.
Between 2010 and 2018, coverage has risen
to about 15 percent of global emissions, with
51 carbon pricing initiatives now installed

or scheduled. If China implements carbon
pricing as announced, coverage would rise to
about 20 percent of global GHG emissions.

Figure 6.1: Effective carbon rates on energy use across 42 OECD
and G20 countries (estimate for 2018) and the minimum carbon
price range needed in 2020 for the 2°C target.
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Note: This fgure shows the distribution of effective carbon rates over energy-related
CO, emissions for 42 OECD and G20 countries, representing 80 percent of global CO,
emissions. Carbon rates include carbon taxes, permit prices related to existing ETS
and excise taxes on energy (also including those not motivated by a climate policy
objective). Source: OECD, 2018b and own illustration.

1 Opinions expressed are those of the authors and not of the institutions that they are afliated with. We would like to thank Assia Elgouacem (OECD), Ottmar Edenhofer (MCC),
Michael Jakob (MCC) and lan Parry (IMF) for their input and comments. We would also like to thank Sarah Beyer and Zeljana Ana Grulovic for their assistance.
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6.3 The political economy of green fscal reform
and carbon taxes: lessons learned

Public support for carbon pricing or the phasing-out of
fossil fuel subsidies is often limited, in part because
politicians have failed to communicate a clear narrative
on how and why this would beneft consumers and the
local economy. Key concerns relate to (i) the distribution
of costs between households and frms, (i) limited
environmental effectiveness due to leakage of emissions
to other jurisdictions and (iii) broader behavioural

and political factors. Concerns about reduced
competitiveness and relocation of economic activity
due to domestic policy can be separated into costs for
frms, employment effects and emission leakage, and
are therefore covered by (i) and (ii). Figure 6.3 gives an
overview of the key issues and proposed measures to

address them. As fscal policies create revenue, they
can provide additional space for compensation or other
forms of spending to help make carbon pricing more
appealing.

6.3.1 Distribution of costs

Carbon taxes and energy subsidies affect prices of
production factors, goods and services, so the costs

of fscal policy affect many frms and households
(Fullerton, 2011). Addressing the economic costs

borne by politically powerful groups can encourage
support for reform. Equally, compensating vulnerable
and highly disadvantaged groups is important for social
inclusiveness and fairness (i.e. reducing poverty and
inequality). Higher energy and carbon taxes have a
particularly negative effect on:

Figure 6.3: Key issues for making fscal reforms politically viable (upper part) and solutions and measures to address
them (lower part). Measures related to fnancial fows are marked with a green mark in the bottom corner. Table 6.1 gives
country examples of the political and behavioural factors (listed in the third column) while table 6.2 shows different ways

to use revenues (green arrows).
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If revenues from carbon taxes are used to reduce other
pre-existing taxes, such as income tax, the overall

costs of carbon pricing are lower than if revenues are
transferred lump-sum to frms or households (Goulder,
1995; Bovenberg, 1999). Detailed analyses that take

into account the full range of existing tax distortions
suggest that a green fscal reform might even create
economic gains (see, e.g., Parry and Bento, 2000;

Parry et al., 2014).° Such gains may also arise when
countries harbour a large informal economy, prone to
tax evasion. Energy taxation and environmental fscal
reform are particularly appealing in low- and middle-
income countries where substantial informal economies
make relying on corporate and personal income tax
more difcult, and where administrative capacity is weak
(Besley and Persson, 2014). In such countries, income
taxes tend to encourage informal activities, so reducing
income taxes and raising more revenue from energy
taxes can increase economic efciency (Bento et al.,
2018).

6.4 Addressing the broader fscal policy
framework: policy packages, coordination and
alignment

The effectiveness of fscal policies in the energy sector
can be increased if other market failures and barriers
are addressed by complementary policies. For example,
capital markets, innovation and network externalities
are typically larger for new and emerging technologies,
including low-carbon technologies. As upfront capital
costs are often higher for renewable than for fossil
projects, low-carbon investment in developing countries
is particularly affected by macroeconomic and policy
risks (Waissbein et al., 2013; Hirth and Steckel, 2016;
Rodriguez-Manotas et al., 2018). Technology support,
innovation and de-risking policies can address these
barriers and strengthen the environmental impact of
carbon pricing (Kalkuhl et al., 2012; Schmidt, 2014;
Dressler et al., 2018; see also Chapter 7).

Better alignment of broad tax policy can help reduce
carbon emissions. Subsidies or tax deductions related

to commuting (Su and DeSalvo, 2008), company cars
(Harding, 2014) and the aviation sector (Gossling et al.,
2017) are common in many developed countries and
tend to encourage carbon-intensive transport choices.
Replacing property taxes with land value taxes can
reduce urban sprawl and increase housing density, which
in turn reduces the need for longer commutes (Banzhaf
and Lavery, 2010).
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Policy coordination extends across sectors. Increasing
carbon prices in the energy sector can increase
emissions from land-use change due to increased
bioenergy production, if the associated emissions are not
properly accounted for (Searchinger et al., 2009; Haberl
et al., 2012). Consistent policies and price signals across
sectors can signifcantly mitigate GHG emissions and
help manage future risks associated with rising carbon
prices (Golub et al., 2017; 2018 and Lubowski and Piris-
Cabezas, 2017). Fiscal policies such as ecological fscal
transfers, contingent on environmental performance,
can also play a role in the land-use sector. They could
be a way to implement REDD+® when international
pay-for-performance or carbon market fnance fows

to the national or state government level (Loft et al.,
2016). There is growing experience with ecological
fscal transfers, including transfers of tax revenues to
support protected areas and forests in Portugal (Santos
et al., 2012), several Brazilian states (May et al., 2011)
and India (Busch and Mukherjee, 2018). Land taxes on
agricultural land can also help reduce agricultural land
use and deforestation (Kalkuhl and Edenhofer, 2017).

6.5 Conclusion

This chapter provides two important insights. Firstly,
while governments frequently use excise taxes on energy
and fuels for raising public revenues, fscal policy in

most countries is currently not geared towards delivering
the transition to a low-carbon economy. Core climate
policies are not in place, existing carbon rates are too low
and inconsistent, and broad fscal systems are not well
aligned with decarbonization. Secondly, this need not be
the case. Increasing the costs of carbon-intensive energy
to steer investment and behaviour towards low-carbon
options and allocating carbon tax revenues to create

a fscal system that supports inclusive sustainable
development are entirely within reach. Decisions on how
to use revenue are critical to building public support and
harnessing the full power of price-based policy to cut
carbon emissions.

5 The frst case, where costs of climate policy are reduced when revenues from carbon pricing are used to reduce pre-existing distortionary taxes, is called ‘weak double
dividend'. The second case, where climate policy creates economic gains through reduction of distortionary taxes, even when the environmental effects are not accounted

for, is called ‘strong double dividend'.

6 Reducing Emissions from Deforestation and Forest Degradation, as well as conservation, sustainable management of forests and enhancement of forest carbon stocks.
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Chapter 7.
Bridging the gap:

The role of innovation policy and market creation

Lead authors: Mariana Mazzucato (University College London - Institute for Innovation and Public Purpose) and Gregor

Semieniuk (SOAS University of London)

Contributing authors: Anna Geddes (ETH Zurich), Ping Huang (Tufts University), Friedemann Polzin (Universiteit Utrecht),
Kelly Sims Gallagher (Tufts University), Clare Shakya (International Institute for Environment and Development), Bjarne
Steffen (ETH Zurich) and Hermann Tribukait (Mexico Energy Innovation Funds)

7.1 Introduction

By pairing innovation in the use of existing technologies
and in behaviour with new technologies, directed
innovation has the potential to radically transform
societies and reduce their greenhouse gas (GHG)
emissions. Therefore, accelerating innovation is a key
component of any attempt to close the emissions gap,
but it will not happen by itself.

As innovation is inherently uncertain and often costly,

it requires access to substantial amounts of fnance

as well as acceptance of inevitable failures and losses
across the innovation landscape. This landscape covers
everything from basic to applied research, and from
demonstration to scale-up, deployment and diffusion,
with feedback effects between the various stages,
meaning that funding requirements can escalate quickly.
Moreover, as there are often long lead times from

the invention of a sophisticated GHG-saving process

or material to its transformation into a commercial
product and its diffusion through newly created markets,
innovators require extraordinary patience.

Well-crafted innovation policy that kickstarts and
steadies innovation across the landscape can make

a signifcant contribution to closing the fnancing gap,
and in this case the emissions gap. This means that
the public sector must often lead in terms of taking
risks through ambitious innovation policy. Such policy
requires more considerations to co-create and shape
markets than simply fxing market failures. In other
words, the public sector plays a crucial role in directing
the innovation process rather than just flling the

gaps. In the past, direction has been shaped through a
mission-oriented approach: framing and solving societal
problems and using all available levers to crowd-in
other sources (Mazzucato, 2017; 2018a). This includes
sustaining and accelerating innovation, not just in
research and development (R&D) but across the entire
innovation landscape, such as by providing patient
fnance that risk-averse actors are not willing to provide.
No other actor can replace the public sector.

This chapter explores the type of policies that can
accelerate low-carbon innovation for closing the
emissions gap, and barriers to implementing them.
Section 7.2 discusses what we regard as the four policy
principles to drive additional investment, while section
7.3 illustrates how these principles have been crucial

to the success of solar photovoltaic (PV). Section 7.4
discusses barriers to implementing active policies,
before section 7.5 concludes by highlighting challenges
and opportunities for accelerating low-carbon innovation
through policy.

7.2 Innovation policies

7.2.1 Risk-taking across the innovation landscape

Innovation policy requires attention to be paid to the
entire innovation chain: from the supply side (from basic
and applied R&D to demonstration) to the demand side
(regulations, subsidies and taxes, procurement, and
signifcant changes in consumption patterns) (Polzin,
2017; Mazzucato, Semieniuk and Watson, 2015). In
low-carbon sectors, in addition to grant funding, an
important share of research, development and venture
capital funding comes from public sources (Mazzucato
and Semieniuk, 2017) and almost half of the investments
into demonstration projects originate in public innovation
institutions (Nemet et al., 2018). Similarly, governments
are highly active on the demand side with subsidies —
whether set administratively (such as feed-in tariffs)

or through auctions — loan guarantees and signifcant
direct investment (Mazzucato and Semieniuk, 2017).
Public procurement can also help spur innovation by
favouring low-carbon technologies (Edler and Georghiou,
2007, see also online appendix A.3) and regulation must
be conducive to innovation, which includes avoiding
over-regulation while new business models are still
forming. Successful innovation is often accompanied by
the public sector’s lead on taking risks at all stages of the
innovation chain.
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Box 7.2 The Clean Energy Materials
Innovation Challenge — Mission
Innovation

Advanced materials — with ever-increasing
performance requirements — are the
fundamental components of new energy
technologies, ranging from non-toxic,
high-density batteries and advanced power
electronics to low-cost organic solar cells and
electric cars (Chu et al., 2016). Discovering
and developing such materials much faster
would accelerate the transition to a clean-
energy future. The Clean Energy Materials
Innovation Challenge is part of the larger
Mission Innovation, launched at COP 21,
which aims for a coalition of countries to
accelerate the energy innovation needed for a
low-carbon future.

The challenge aims to bring the rate of
innovation in materials discovery closer to
that in computing power, the ‘Moore’s Law’ of
materials discovery. The goal is to combine
three cutting-edge technologies (artifcial
intelligence, robotics, and computing)

with materials sciences to accelerate the
discovery of advanced materials by at least

a factor of 10, from around 20 years to under
two years and, eventually, a matter of months.

Mission Innovation launched the Materials
Challenge in September 2016 with limited
funding from the co-leading countries: Mexico
and the United States of America, later joined
by Canada.* Funding was used to gather
leading scientists in academia and business,
thought-leaders, government representatives,
NGOs and civil society observers from 18
countries for a four-day Basic Research
Needs (BRN) workshop to identify the
fundamental research needs, challenges and
opportunities, and defne the path forward.
The workshop developed the concept of an
integrated Materials Acceleration Platform
(Aspuru-Guzik et al., 2018), an autonomous
or self-driving laboratory with smart robots
that are able to rapidly design, perform and
interpret experiments in the quest for new
high-performance, low-cost and clean-energy
materials (Tabor et al., 2018).

In May 2018, Canada and Mexico funded two
international collaborative demonstration
projects of US$10 million each. Additional
countries are launching similar projects in
collaboration with this Innovation Challenge,
including India, South Korea, European Union
members, and even non-Mission Innovation
countries such as Singapore. As such, itis

a test-bed for increased intergovernmental
cooperation in mission-oriented innovation
policy and effective public private
partnerships.

7.3 Solar photovoltaic innovation

Innovation in solar photovoltaic (PV) technology
illustrates both the nonlinear nature of innovation and
how the various innovation policies reviewed above drive
and shape it. PV was deployed with a compound annual
growth rate of about 38 percent between 1998 and 2015
(Creutzig et al., 2017), continually exceeding forecasts
(see fgure 7.2a). PV diffusion spurred cost reductions
through ‘learning by doing’, scale economies and R&D,
but also lowered proft margins through increasing
competition (Nemet, 2006; Carvalho et al., 2017), which
in turn stimulated further deployment of ever-cheaper
systems. However, PV innovation preceded diffusion

by several decades, driving down costs dramatically.
From 1975 to 2016, PV module prices fell by about 99.5
percent (fgure 7.2b), and every doubling of installed
capacity coincided with a 20 percent drop in costs
(Kavlak et al., 2017). Public innovation policies were —
and continue to be — crucial for this process throughout
the innovation chain.

Governments often act as lead risk-takers. For example,
the Sunshine Project launched by the Japanese Ministry
of International Trade and Industry in 1974 (IEA, 2016)
made Japan an early leader in PV manufacturing and
deployment (Trancik et al., 2015). As for the US, the frst
silicon PV cell was demonstrated by researchers at Bell
Telephone Labs in 1954, which benefted from large
contracts with US government agencies (Chapin et al.,
1954). Subsequently, the US government agencies NASA
and the Advanced Research Projects Agency developed
PV for satellite use (Perlin, 2002). As a result of the 1973
oil crisis, new policies were enacted and research on PV
expanded in the laboratories of the newly founded US
Department of Energy (DoE) (Ruegg and Thomas, 2011).

Government-funded innovation continues to this day. In
a mission-oriented policy approach, the DoE launched
the SunShot Initiative in 2011 with the concrete goal of
reducing the cost of US solar energy systems — including
the costs of installation, permitting and fnancing — by 75
percent to a levelized cost of US$0.06/kWh by 2020. As
SunShot supported innovation that met this goal in 2017
(three years earlier than expected), the target has been
revised to US$0.03/kWh by 2030 (Chu et al., 2016).

In 1990, the German parliament enacted the frst PV
feed-in tariff, which guaranteed the sale of all PV-
generated electricity substantially above market price.
The feed-in tariff subsequently became a major law,
setting a direction for innovation in Germany and
effectively creating a PV market. In fact, the feed-in tariff
is credited with drawing many producers into the market,
thereby pushing Germany to become a global leader

in solar installations (Trancik et al., 2015). This built

on long-standing collaborations between German PV
companies and a network of public research institutes
(Jacobssen and Lauber, 2006), while the German SIB,

4 Eighteen of the 24 Mission Innovation members participate in this initiative. The
Materials Innovation Challenge international workshop and activities have been
funded by Mexico's Energy Innovation Funds, managed by the Ministry of Energy
of Mexico (SENER), the US Department of Energy (DOE), Natural Resources
Canada (NRCAN), and the Canadian Institute for Advanced Research (CIFAR).



Figure 7.2a: Cumulative solar PV installations compared
to forecasts from various IEA World Energy Outlooks
(WEO).
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KfW, boosted German renewable energy deployment by
providing strategic fnance in the form of concessional
loans in 2009. In that year, Germany almost doubled its
cumulative PV capacity to 10 GW and 41 percent of all
projects benefted from KfW loans (Bickel and Kelm,
2010). The next three years saw unprecedented growth

in German PV capacity, which slowed only when the feed-
in tariff was reduced in 2012.

The baton of PV leadership then passed to China, whose
companies have been manufacturing more than half

of global PV cells every year since 2011 (Zhang and
Gallagher, 2016). In the 2000s, Chinese manufacturers
benefted from the generous demand-pull policies in
richer countries (especially in Germany, Italy, Spain and
the US), while transferring technology and vertically
integrating production processes in China and benefting
from fnancial support from local governments (Zhang
and Gallagher, 2016). In 2011, a feed-in tariff created

a major market for PV also within China itself, while

the Chinese SIB, China Development Bank, disbursed
generous credit lines to Chinese manufacturers (Quitzow,
2015).

Against the backdrop of this comprehensive network of
policies across the innovation landscape, solar PV is now
nearing cost-competitiveness with electricity from fossil
fuels and is being deployed around the world. The story
of PV innovation is an international one: from the USA
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Figure 7.2b: Historical price reductions and annual
installations, 1975—2017.
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and Japan to Germany and then China and increasingly
other countries. Yet, what is a success today looked less
certain and faced many obstacles in the early stages,
revealing the importance of public policies for PV
innovation and market creation along the lines examined
in the previous section. The next section discusses some
common barriers to implementing innovation policy.

7.4 Barriers to implementing innovation policy

7.4.1 Organizational aims and mandates

The above-mentioned innovation policies recognize

the institutions that plan and carry out the various
polices as being key to their success. Unlike most
public organizations and their fear of failure, the US
energy innovation agency (ARPA-E) measures its
success by how many risks it is willing to take and

the impact of its successes (Mazzucato and Penna,
2015a). Nevertheless, most public organisations are risk
averse, so it is important to learn from the US energy
innovation agency’s (ARPA-E) approach in terms of
paying attention to the internal capabilities of public
institutions: their willingness to set bold missions and
nurture organizational capacity and experimentation,
and their ability to evaluate themselves in dynamic ways,
rather than by static cost-beneft analysis (Kattel and






developed countries, without benefting economically
from the transition to a low-carbon economy, and at
risk of ‘premature deindustrialization’ (Rodrik, 2016).
Overcoming these differences touches on some of
the most controversial aspects of the global political
economy, but may be critical for effective innovation
policies around the world.

7.5 Conclusion: opportunities and
challenges

Creating markets and shaping innovation policy is
crucial to bringing about the technologies needed to
close the emissions gap. Public sector institutions can
take the lead thanks to their unique ability to take risk
and be patient and strategic from a societal rather than
strictly fnancial point of view. Equal attention must be
given to the supply and demand sides, with feedback
loops key to allowing diffusion patterns to feed into
innovation patterns. Common success factors include
specialist organizations coordinating activities across
the innovation chain, patient and strategic fnance that
leverages other actors, and setting directions while
sustaining a portfolio of innovation processes in that
direction. A mission-oriented approach to policy can
open the innovation process up to a large number of
participants.

International collaboration has the potential to unlock
additional innovation capacity through leveraging greater
pools of money and talent and providing an avenue for
international best-practice-sharing. Mission Innovation
and its sister organization, the Clean Energy Ministerial,
which exists to accelerate technology diffusion, have

the potential to play such a role. Other international
initiatives have also set ambitious targets, such as the
pledge by tropical nations under the International Solar
Alliance to help each other mobilize US$1 trillion for solar
energy deployment. They can be even more effective
when they join with powerful private international
initiatives, such as the Breakthrough Energy Coalition,
which is committed to funding clean-energy innovation.
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Challenges remain, however. Sustaining portfolios

of technologies is expensive and identifying which
investments to prioritize is challenging, as the innovation
landscape alters so quickly during this unprecedented
and rapid transition. Innovation organizations must

also constantly innovate themselves in order to match
realities with policies, while competing for talent

with private sector employers. Developing countries
face an uphill battle in competing with better-funded
competitors from developed countries; furthermore,
fnding niches that are both emissions-mitigating and
revenue-generating is as uncertain as innovation itself.
The new international initiatives have great potential

but they also face problems inherent in international
cooperation. Governments are inclined to cooperate

but less willing to send funds across borders, and the
same is true of private actors sharing data and insights
when they participate in these initiatives (Cherry et al.,
2018). Even if innovation is successfully accelerated, the
world must still grapple with unintended consequences
like the rebound effect where, in the case of energy-
saving innovations, part of energy saved per unit of

the innovative product is brought back through an
increased consumption of the now more efcient,

and hence cheaper product or consumption of other
energy-intensive products with the money saved on the
innovative product (Sorrell 2008; Gillingham et al., 2016).

Public institutions carry a large responsibility for
innovation, but in an era of tight budgets, committing the
necessary fnance is difcult. Organizations leveraging
private initiatives need to continue learning and
improving. Meanwhile, other issues such as fnancial
market regulation favouring low-carbon portfolios
would be a useful complement (Campiglio et al., 2018).
Ultimately, however, the policies rely on confdent and
stable enough public institutions with good governance
that can survive short-term economic and funding
fuctuations. If they are willing to learn from mistakes
while staying confdent of their key contribution, they
could help dramatically lower GHG emissions over and
above current policies.
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Bridging the gap:
Sectors and topics covered in the
UN Environment Emissions Gap Reports

In addition to assessing the emissions gap, the Emissions Gap Reports cover opportunities for bridging the gap. Previous
reports have demonstrated how proven policies and measures, if scaled up across countries and regions in terms of
ambition, stringency and geographical reach can contribute to bridging the emissions gap, while supporting broader
development goals. A summary of key areas and sectors covered in previous reports is provided here.

Previous Emissions Gap Reports are available at http://www.unenvironment.org/emissionsgap.

The Emissions Gap Report 2017
Sectoral greenhouse gas emission reduction potentials in 2030

» Assessment of emission reduction options and GHG mitigation potentials in the agriculture, building, energy,
forestry, industry and transport sector.

» Evaluates the potentials for these options to bridge the emissions gap and compares the bottom up analysis with
results from Integrated Assessment Models.

Phasing out coal

» Assessment of the role of phasing out coal for achievement of the Paris Agreement goal.

» Provides an overview of incentives that can facilitate and incentivize a smooth transition, including portfolios
of market, non-market based and complementary instruments such as carbon prices, improved support to grid
infrastructures and storage facilities, and de-risking clean investment for fnancial institutions and governments.

* Assesses policies for managing impacts on workers, coal owners, industry and energy users such as wage
subsidies, compensatory subsidies, and redistributive policies.
The role of short-lived climate pollutants

* Synthesizes fndings regarding the GHG emission reduction potential of methane, tropospheric ozone, black
carbon and hydrofuorocarbons (HFCs), as well as sulphur dioxide and organic carbon.

» Assesses the technical potential of measures available via proven technologies in the exploration and distribution
of coal, oil and gas, and in the waste sector.
Carbon dioxide removal

» Provides an overview and assessment of natural (biological) options for carbon dioxide removal options such as
afforestation, reforestation and soil carbon sequestration.

» Provides an overview and assessment of technological engineering carbon dioxide removal options such as direct
air capture, bioenergy combined with carbon dioxide capture and storage (BECCS), Ocean Alkalinity Enhancement
and CO, to Durable Carbon.

The Emissions Gap Report 2016
The role of energy efciency

» Assesses energy efciency policies in the building, industry, and transport sectors and the co-benefts that these
can provide for governments, businesses and households.

» Considers GHG emissions reductions opportunities through systems thinking and integration, circular and sharing
economy as well as advances in information and communication technology.
Sustainable Development Goals and climate change mitigation

» Considers the interaction between Sustainable Development Goals (SDGs) and climate change mitigation
objectives and identifes areas of synergies and potential trade-offs between different goals and associated
targets.

» Outlines key elements of an integrated approach to the realization of the Sustainable Development Goals (SDGs)
in the context of climate change to minimize trade-offs and maximize synergies between different objectives.















