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Executive summary

Where are we?

&

Current climate policies are inconsistent with digectives of the Paris AgreemettK S t  NAa ! INBESYSy i
objectives tchold the increase of global mean temperature to well belo¥€ &lative to preindustrial levels

andpursue effortgo limit warmingto evenl.5 C, requires a rapid reduction of greenhouse gas emissions

world-wide. Currently implemented climate and energy policies, however, imply that emissigtif are

expectedo rise in many G20 countries. In fantpearly allcountriesprojected emissiosiby 2030do not meet

national mitigation pledgesubmittedunder the Paris Agreement as pafthe Nationally Determined

ContributiongNDCs).

The NDCs are projected to lead to global greenhouse gas emissions in the rarg@ GiG@eq by 2030These
emissions levels would very likely lead to more than 1.5 °C warming 4o mbioty.

The differences between current policies trends and the emissions levels consistent with the Paris Agreement
amount at the global leveli 2 emigsiotd I frdfh NDCsf approximatelyl5and22 GtCG-eqby 2030 for

well below? °C and 5 °C respectiviy. This consists o Y LI S Y Sy (i(buirentglicies Holder meet

the NDCs) andnW I Y 6 A ( A 2 gisSidnd deduatian FeSulting froiime NDCs is not sufficieto meet the

t I NR & | 3 NBS Gogls)ndll be n2cgs3ary to take action in the skerm to keep the Paris
objectives witin reach.

The current gapgo beyond emissionThe gap betweenurrent policies andvhat is needed for the Paris

objectives can be seen in many different dimensions, including investments, introduction of renewable energy
sourcesand efficiency improvemesitin order to meet these targets, it will be necessary to rapidly scale up the
use ofemissiondree energy tetinologies, increase energy efficiency, reduce emissions eC@ogreenhouse

gases and change lande trends.

Not ratcheting up ambitiofor 2030 would requiren evenfaster pace of decarbonisation after 20a86gd/orthe
deployment of larger amountsf carbon dioxide removéCDRyechnologies in the long terio still meet the
Paris temperature targets by the end of the century after a significant overdhorg rapid emission reduction
after 2030 is associated with higher transitional and-tengy economic costs. Moreover, CDR is often
associated with higher technological, ecological, social and climate risks.
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Figure ES.1: Global greenhouse gas emission pathways that limit global warming to well below 2 °C (global
carbon budget 1000 Gtg@ver 20162100) and 1.5 °C (global carbon budget 400 &tG@rting cosbptimal
mitigation in 2020, versus full implementation of conditional NDCs and current national policies trajectories.
Figure source: Roelfsema et al. (submitted)

Where do we warnito go?

Scenarios limiting global warmingwell below2 °Cor 1.5°Cproject global emissions peaking by 2020, and
declining rapidly afterwards to reachtrzeroCQ emissiondetween 2070 and 2090 (2 °C) or between 2040 and
2060 (1.5 °In the secondhalf of the century, sustainatet negative emissiomaaybe needed, buits scale

and nature depends on progress in other areas such as energy demand reduqgianmsion of renewable

energy efficiency improvemerand anthropogenic enhancement of carbon storage on.[&hd energy sector

is a main contributor to emission reductions through electrification and replacing fossil fuels with renewable
and other lowcarbon energy sourceSustainable land use managemeantritical to bring land use €0
emissions to net zero and eventually use the land to remoy&@®the atmosphere by, e.g., afforestation,

soil carbon enhancement and natural land restoration.

It is important to have a heaeroemissionwision as dentation for longterm planning, both for individual
regional entities such as countries, regions or even cities, and for individual deistaigar that the Paris
Climate targets requir€Q emissions to go to zero in the next couple of decades.ig ki massive challenge
that requires planning and a redirection of policies in all sectors alreadyHasing a clear lorgrm vision
might help to gear such redirectioro far, only a few frortrunner countriedave formulated decarbonisation

targetsand there stilare methodological questions.

A costoptimalcarbon neutragjlobal energy system might still imply that certain sectors or countriegdsidaal

CQ emissions that are compensatediBt negativeCQ emissions elsewherdlet negativeCQ emissions,

however, can be associated with several riflast techniques and processes that can lead to negative
emissions are associated with risks incluétingand use, possibly high costs and uncertainties with respect to
storage capacity. As a tdt the potential for sustainable use of net negative emissions is limited. Some studies



have looked into the question how to mingmithe use of negative emissions. This is possible, although it seems
not likely that very stringent targets can be reachéthout negative emissions.

Climate policies need to be integrated with broader sustainable development ptiiciddition to the Paris

' INBSYSyidiQa OfAYFGS 3214 (GKS ! blopméhSEoats(SDEs).ofm Saidl of A
maximie thesynergies between these global agendas, ambitious yet carefully designed climate policy is

needed. Other sustainability dimensions can therefore pose additional constraints on futaezmehergy

and landuse systems. Alternative scenarios show thatdtale otarbon dioxide removahn be significantly

reduced if a number of other mitigation options are dramatically scaled up. Major changes on the energy and

food demand side offer the biggest lever for reducing the neethéodeployment of carbonidxide removal

on the supply siddmportantly, hesescenarios characterised by high energy efficiency and limited use of CDR
technologies implgo-benefits formultiple sustainable development goals.

Sectoral CO2 emissions by 2030 and 2050, relative to 2010 (%)
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bars: 10th 90th percentile rangénote that the axis is cut off &00%, while the error bar for AFOLU in 2050
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1A2).Based on CGDINKS database (McCollum et al., 2018)



How do we get there?

Analysis shows that there are several opportunities to strengthen current climate plieietentified emission
reduction pathways at thglobal but also at the national level that are consistent with the Paris Agreement.
Although these policies will require a massive redirection of current trends, they are feasible from a technical
and economic perspective.

If all countries were to implemeé sectoral climate policies similar to successful examples as observed in some
countries (good practice policies), annual GHG emission levels could reach approximatelyeby@Q3D,

compared to 60 GtG® in the current policies scenarithree exampls of successful policies that can be

replicated elsewhere and with potentially large benefits include: the Germasrfeaudff for renewable

energy, the carbon tax in Norway to reduce flaring and venting, and the Action Plan for Deforestation in Brazil.

The massive transformation of global energy, industry, anduisedystems required to achieve the 1.5 wed
below 2°C global warming goals depends @iljcon policies that incentigishanges in investment patterns,
technology uptake and housdhébusiness and community behaviolrboth the 2 °C and 1.5 °C cases, the GHG
emission peak in 2020 is followed by a steep emissions reduction. This isriedtiabgt by a rapid
decarbonisation of the power sector, spearheaded by a pbasef unabated coal power plants (i.e., those not
equipped with carbon capture and storage: CCS). As a result;arban neutrality of the power sector is
expected to be reacheatound 2050.Energy émandside emissions reductiafforts can be broadly

categorigd into energy demand savings, replacing combustible fuels by electricity or hydrogen, and moving
toward very low carbon intensities of these advanced energy caffimmpensate for the residual

greenhouse gas emissions in the demand sectors, suesfrio studies point to the need for large scale carbon
dioxide removal (CDR) in the second half of the century. This is true for the 2 °C case, but even more so in the
1.5 °Gscenario.

The 2 °C and 1.5 °C pathways exhibit a shift from fossil (especially coaarblmwvand energy efficiency
investmentsPolicies promoting deep decarbonisation through a global energy system transformation would

require an increase in total energy system investments, but above all a redirection of already planned

investmentsThe lowcarbon and energy efficiency investmeap in 2030 is projected to be 130 billion

US$/year for NDCs, 300 billion US$/year for 2 °C and 460 billion US$/year fot K58C.6 2 NI RQ&a f I NBSa
economies have already agreed that spurringdavbon energy investments should be placed high on their

callective priorty list and G20 countries haveemphasiedthe previously agreed commitment of wealthy

countries to jointly mob#e 100 billion $/year (during the period 202025) for mitigation actions in

developing countries. This would go a long veayerd fulfilling the NDC commitments; however, it would not

nearly close the investment gap for a 26CL.5 °Gconsistent future.
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Chapter 1: Where do we want to go?

Paris Agreement requires rapid reduction of global greenhouse gas emissions

Scenarios consistent with the targets of the Paris Agreement show rapid reductions of global enhistiens.
Paris Agreement, governments worldwide agreed on global goals to limit global warming to well tezdod 2
possibly 1.8Cabove preindustrial lerels (Article 2)Article4 sets a goal to peak global greenhouse gas (GHG)

emissions as soon as possible and to achieve a balance between anthropogenic emission sources and removals

by sinks of GHGs in the second half of the century. Scenarios develtpbdegrated Assessment Models
(IAMs} show possible pathways towards these goals, based on various assumptions. Figure 1 shaastglobal
optimal greenhouse gasnissions under scenarios that limit global warmingeb below?2 °Cand 1.5°Cwith a
likely chancéstarting from2020.

Most costoptimal scenariosonsistent with targets of the PafAgreementrely on carbon dioxide removai the
second half of the centur€ostoptimalscenarios reduce emissions whared wherit is cheapest to do so,
thereby minimising global mitigation codiget negative emissions in the second half of the century are
attractive to minirmse costs. Howevethere are also important limitatiario the use ofcarbon dioxide removal
technologies, including risks relatiedand use, possibly high costs and uncertainties with respect to storage
capacity. 8enarioghat use les®r even nmet negative emissioralso existThese scenarios assume
combination ofarger energy efficiency in demand sectonsre rapidelectrification of energy endse sectors
based on renewable enerdifestyle changesandadditional reduction of noi£Q greenhouse gas emissions.

I The findings presented in this policy brief are largedgtan work done under theBLINKSLinking Climate

and Development Policied_everaging International Networks and Knowledge ShammtCOMMIT(Climate
pOlicyassessment and Mitigation Modeling to Integrate national and global Transition patpvegesis,
financedby th® dzZNB LISy ! yA2yQa | 2NAT 2y wHnun NB&aSENOK | yR
No.642147(CPLbY{ 0 FyR o0& {KS IMAdNEWwpEAd urdsf granyagréemeéndNo/ [
21020701/2017/770447/SER/CLIMA.C.1 EuropeAid/138417/DH/SER/MulitOC (COMMIT).

2Thetwo classes of mitigation pathwaysesented in this policy brief were designedad holdglobal warming
below2 °Cwith a twain-three chance throughout the #kenturyand(b) returning global warming th5 °Cby
the end of the century with a orie-two chanceafter a temporary overshoot df5°C The degree of overshoot
will depend on whether cosdffective mitigation actiois adopted in 2020 or only in 203@ore recent insights
on carbon budgets, given the IR €pecial report on 1.5 might mean a higher probability of meeting the
temperaturetargets can be assigned to thgsathways

AYY
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Figure 1: Global greenhouse gas emission pathways that limit global warmieltielow2 °C(global carbon
budget 1000 GtC@ver 20162100) and 1.8C(global carbon budget 400 Gt§}Gstarting cosbptimal
mitigation in 2020, versus full implementation of conditional NDCsuareht rational policies trajectories.
Figure source: Roelfsemaagt(submitted)

Operational targets: emission reductions, peak years, and {ghésears

Costoptimal scenarios have been developed using global and national models. These show significant emission
reductions for all region€ostoptimal 2 °C scenari@how median GHG emission reductions of 16% by 2030

and 65% by 2050 for China, 33% by 2030 and 66% by 2050 for the EU, 37% by 2030 and 75% by 2050 for the
USA, and an increase of 10% by 2030 followed by a reduction of 51% by 2050 for India, relativarid 201

including LULUCF emissions. For the 5 aggregated regions, emission reductions by 2030 are projected to be 11%
for Asia, 30% for Latin America, 10% for Middle East and Africa, 35% for OECD90+EU and 25% for reforming
economiesAchieving the aspiratiah 1.5 °C target would require a further acceleration of GHG emission

reductions for all countries. Various studies have calculated emission allowances by applying different equity
principles toglobal emissions pathways consistent with achieving 2 °G 6€1These studies show larger

reductions targets for OECD countries.

There are important differences between letegm emissionseductions among the various regions in global
models, among otheibased on reduction potentigAs global greenhouse gas emissions need to reach net zero
in the second half of the century, either all countries would need to reach net zero emissions, or, more likely,
some countries with larger emission reduction potential compensate for others watlesneduction

potential. In modebased projections, this is generally the case. Theiramishal scendos limiting global

warming to2 °C show that many countries are projected to peak emissions by 2020 (noting some have already
peaked, such as the&JEand Russia), after which firstZa@d then total greenhouse gas emissions are projected
to be phased out: by 2050 for €&hd 2060 for total GHG emissions at the earliest. Brazil, Latin America, and
the USA are projected to reach net zero greenhousegéssions earlier than the global average, due to
relatively large potential fararbon dioxide removéé.g. from biomass with CCS). Regions with larger shares of
non-CQ emissions or less potential teploy carbon dioxide removagenerally need morertie to reach net

zero greenhouse gas emissions.

10



There are many open questions with respect to codetrgl targetsorresponding tahe Paris goal<ritical
questiorsthat define the ambition at the global scale include the overall target, the ambitiomespecto

the likelihood of achieving the target and the choice with respect to the uselmin dioxide removaht the
national scale, also the distribution of commitmantong countrieplays an important role. Finally, also the
allocation and acamting rules matter when looking at regional phase years. In modelsarbon dioxide
removalby biomass with carbon capture and storage (BES@S9igned to the region applying BECCS, i.e. at
the power plant. Alternativelgarbon dioxide removaly BECCS could be assigned to the region producing
biomass for energy use and exporting it (such as B&t#il)for most countries it can be assumed that the Paris
objectives would require reachimgt zero C@emissions in the next few decades.

In somesectors reaching zero emissions is relatiwdifficult. In the scenarios some sectors never reach net zero,
while other sectors compensate for these remaining emissions by phasing out greenhouse gas emissions by
2050 and maintaininget negative emissia@thereafter(Figure 2) The sectors that are relatively hard to abate
include norCQ emissiongrom agriculturefreight and aitransport and pecificindustry sectorsuchas steel

and cement

a) GHG emission reductions by 2030 and 2050 b) GHG emission peak years
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Figure 2Threeindicators for possible countigvel operational targets under@scenarios starting cost

optimal mitigation in 2020 (red bars and circles: model median, error bars:9thpercentile range). a)
Greenhouse gas emission reductions by 2030 and 20&iye to 2010b) greenhouse gas emissions peak

years, § phaseout years (C&£emissions reaching net zero). Aggregated regions shown are reforming economies
of the former Soviet Union, OECD (1990) + EU, Middle East + Africa, Latin America and, @adbhsia.

Paneld) further shows the contribution pét negative emissiorfgellow line) to reaching net zero greenhouse

gas emissions (blue line), globally. Sourcd:ISRS database, McCollum et al., 2018.
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Energy supply sector could be a majontributor to emission reductions

In costoptimal mitigation scenariésthe energy supply sector and in particular electricity generation is projected

to be the largest contributor to greenhouse gas emission reductions, with a near complete decaondoysat
2050.Figure 3 shows emission reductions per sedibe model calculations identifyw-cost potential to
mitigategreenhouse gasmissions irll countries, with the largest contribution in absolute terms coming from
China, the US and Indiehe &rgest contributiorcomes fronthe energy sector (mostly electricity production):

here, many options exist to reduce emissions at relatively low cbesindustry and transportation sector also

have potential for further emission reductions, with accaled electrification and a more limited reduction of

carbon intensity of fuel use. The buildings sector offers more limited potential for further decarbonisation until
2050. Regional differences in mitigation potential arise from differences in the deegibgtage, existing

differences in energy systems and economic structure, differences in energy resource potentials (renewable and

fossil energy resources), and existing expertise and specialisation.
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3 These scenarios were developadhe CELINKS project, with both global and national models. Country

specific carbon budgets were determined in an iterative dialogue between national and global modeling teams,
taking into account regional budget estimatesn global coseffective 2 °@athways (assuming that emissions
reductions after 2020 are made where they are cheapest), as well as national objectives and capabilities for
implementing miecentury emissions strategies.
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b) Sectoral CO2 emissions (MtCO2/year)
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c) Sectoral CO2 emissions by 2030 and 2050, relative to 2010 (%)
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Figure 3: a) C@missions in 2010, by 2050 under current policies, and by 2050 untés@efario starting

costoptimal mitigation in 2020 (following current policies until 2020, upper panel) or 2030 (following NDCs until

2030, lower panel). Elements in between tlomsd and last bar show sectoral contributions to emission

reductions (energy supply, industry, residential and commercial buildings, and transportation), also broken down

by region. Theolouredbars represent the results from national models (with thepian of ROW), while the

grey bars and beglots show the aggregate results of scenarios from global models, illustrating the high level of
compatibility between the national deep decarbonisation scenarios with strengthening before 2030 and a global

2 °Ctrajectory. Figure source: Kriegler et al. (under review). b) Sectomh@€ions over time in 1.5 awell

below2 °C scenarios (median and4@th percentile rangef) CQ emission (%) by 2030 and 2058l ative to

2010,per sectorNote that the axis is cut off &200%, while the error bar for AFOLU in 2050 rea2l6€86 in 2

°C and292% in 1.5 °C. Values left from the dashed vertical lih8@% imply net negative emissions, while

values to the right indicate residual emissibns9 YA daA 2y a4 FTNBY WLYRdAzZAONARI f LINROS:
OFrGS3a2NRSa w!s .3 /3 93 gKAES Syraarizya FNBY WLYyRdzaGN
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Chapter 2: Where are we going?

Implementation and ambition gaps

There is a significant gap between the aggregate effect of current policibstmdallyDetermined

Qontributions (NDCsand the ambition of the Paris Agreement. This gap (based coptirstl scenarios towards
GKS t I NRaA | 3INEBS YSYGTaegil20B8The gap betiveen thedND@siiand the -aptimal
pathways is sometimes referred to as the ambition dapesult, the total required additional emissions
reductions amount to 15.3 Gt@€y for well below 2 °C and to 21.9 Gi€gfor 1.5°C in 2030 (Roelfsema et al.,
submitted).

Currently implemented policies are insufficiemteach the level of the NDds.many G20 countries, emission
NBRdzOGA2ya 6@ Hnon dzy RSNJ OdzNNBy (i L2t A OXh8differantef f a K2 NI
between the aggregate effect of current policies and the targets formulated in the Nationally Determined
Contributions is about 7.7 Gtexq in 2030GIdoal greenhouse gas emissions would need to be reducmth

more quickly and deeply in ordeo imeet the longerm targetsthan currently included in national polici@he

results of integrated assessment models can be used to explore such emission trajectories.

In contrast to cosbptimal scenarios,dsed on currently implemented climate andkegy policie§ emissions are
projected to rise in many G20 countri#he exceptionto this observatiorare the EU and Japan, which show
declining emissions under current policiésergyrelated C@emissions are the main contributors to total
greenhous gas emissions in many countries, with Brazil being a notable exception (with high axfEididn

CQ emissions). Current policies scenarios show increasing emissions from energy supply, except in Australia,
the EU, China (after 2050), Japan, and Russia (second half of the century). Of the G20 countries, only Japan
shows declining demand sector &issons (industry, transportation and residential and commercial
buildings) under current policies, consistently across modetser@i@sionsrom landuse changeare projected

to decline in almost all G20 countries under current politlager current poligs,CH emissions are projected

to rise inmostG20 countriesN20 emissions are projected to decline in the EU and Japan, in current policies
scenariosFinally halogenated greenhougases are projected to rise in most G20 countries, except Japan,
RussiaRepublic of Korea, China, and the EU (according to some models).

Gapgyo beyond emissionBased on the model outpit is possible to show where current policies are
insufficient For instance the share of renewable energy sources in the paeeeration mix will need to

increase (figure 4bChina, EU, India, Japan, Russia and USA all have potential to scale up renewable energy
deployment according to the models, with USA projected to reach 95%ahtman energy by 2050, EU 85% and
Japan 70%ndia and OECD countries are leading in scaling up solar and wind power, while China and Russia
lead in scaling up nuclear power. Ratcheting up of dkam ambitiors in different policy asis necessaryo

keep the Paris climate goals in reach.

4 An inventory is available fronttp://www.climatepolicydatabase.org/index.php/CDlinks policy inventory
These policies were implemented in the integrated assessment models participating inLtitNKSproject, to
create the current policies scenario.

5 Agriculture, Forestry and Other Land Uses

15


http://www.climatepolicydatabase.org/index.php/CDlinks_policy_inventory

a) National greenhouse gas emissions by 2030, per sector
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Figure 4: Gaps: Current policies to NDCs and NDCs to Paris, in terms of global emésBmne {, regional
and sectoral emissions (pamedots show total Kyoto GHG emissions), andv&lleelectricity share (pane).b
Renewables include hydropower, biomass, geothermal, solar andnypadel c, the 2Cbar shows the
increase from the NDC scenario to ti€&cenario
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