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SUMMARY

The work on this deliverable is part of the task T1.4 (Assessment and update of the model assumptions
for emission control measures offering reduction potential beyond current commitments) and is
associated with the objective O1.4 (Assess and update the model assumptions for emission control
measures offering reduction potential beyond current commitments).

While ECLIPSE project objectives are to develop a mitigation scenario with a focus on short lived
climate forcers (SLCFs), including specifically black carbon (BC) and methane (CH,), this report
describes briefly assessment of the maximum technologically feasible reduction potential (MTFR)
developed with the GAINS model and compares it to the current legislation case (CLE) with specific
attention given to two ECLIPSE focus regions, i.e., Europe and China.

The maximum mitigation case (MTFR — maximum technically feasible reduction) starts with the level
of implementation of current legislation and its expected impact within the modelling horizon and
searches for optimal allocation of best available technology as defined in the GAINS model to
minimize emissions.

One of the critical assumptions when developing the maximum reduction scenarios is assessment of
constraints limiting application of a given measure in particular sector and region within a given time
horizon. There are several factors that contribute to such limitations. In our approach we consider
primarily technological, geophysical, and to the known extent cultural limitations, while we ignore
potential economic constraints, i.e., we assume that technologies will be accessible and their cost will
not be limiting application. The constraints change over time leading to increasing mitigation potential
in the longer term.

Overall, the mitigation potential varies from about 30% in Europe for ammonia, through about 50%
for methane, and up to 70-80% for SO,, NO,, or BC. The potentials vary more significantly for
specific regions, pollutants and sectors. Typically, the mitigation potential for 2050 is slightly larger
than estimated for 2030 as more of the older capacity could be replaced.
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1 Introduction

The work on this deliverable is part of the task T1.4 (Assessment and update of the model
assumptions for emission control measures offering reduction potential beyond current
commitments) and it contributes to the following objective of the ECLIPSE project:
0l1.4— Assess and update the model assumptions for emission control measures offering
reduction potential beyond current commitments.

The GAINS model (Amann et al., 2011) benefits from published information on real-life
performance of implemented measures and on design characteristics of measures to achieve
currently discussed future emission limit values. The characteristics include control measures’
reduction efficiencies, costs, and application constraints. While most of the data has been
collected in industrialized countries, there is increasing amount of experience in several
developing countries, especially on assessment of emission characteristics of key technologies
and reductions achieved by control measures. Within this task, critical assessment of current
model assumptions, specifically focusing on emission control measures offering potential
reductions beyond current commitments will be performed considering regional differences in
technology and the potential for application within the modelling horizon. Collaboration with
the Chinese partner will be essential to develop a representative dataset for Asia and other
developing countries and a realistic projection of future evolution of production and control
technology in several countries.

While ECLIPSE project objectives are to develop a mitigation scenario with a focus on short
lived climate forcers (SLCFs), including specifically black carbon (BC) and methane (CHy,),
this report describes briefly assessment of the maximum technologically feasible reduction
potential (MTFR) and compares it to the current legislation case (CLE) with specific attention
given to two ECLIPSE focus regions, i.e., Europe and China.

It is of utmost importance to include co-emitted species (e.g. OC, SO, CO) in the analysis
and to avoid a focus on single species (e.g., BC) that, in isolation, would lead to the largest
reductions in radiative forcing (Bond et al., 2013; Unger et al., 2008). Consequently, varying
efficiency of reduction for specific pollutants per economic sector and region has been
considered and how they depend on measures taken for other pollutants.

Finally, we consider not only technical, typically end of pipe, control measures but implement
also selected non-technical measures such as elimination of the high emitting vehicles, ban of
open agricultural burning, reducing gas flaring, and substitution of solid fuels in the
residential sector.

The maximum mitigation case (MTFR — maximum technically feasible reduction) starts
with the level of implementation of current legislation and its expected impact within the
modelling horizon and searches for optimal allocation of best available technology as
defined in the GAINS model to minimize emissions.
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2 Application limits

One of the critical assumptions when developing the maximum reduction scenarios is
assessment of constraints limiting application of a given measure in particular sector and
region within a given time horizon. There are several factors that contribute to such
limitations. In our approach we consider primarily technological, geophysical, and to the
known extent cultural limitations, while we ignore potential economic constraints, i.e., we
assume that technologies will be accessible and their cost will not be limiting application. The
constraints change over time leading to increasing mitigation potential in the longer term.

For all regions, the lifetime of mitigation measures as well as primary technologies have been
considered in building the constraints, since we have not assume premature scrapping of
installations, e.g., cars, stoves, plant closure, etc.

For Europe, we have benefitted and used the experience and information collected during the
consultation process during the review of the thematic strategy on air pollution which took
place in the last few years (Amann et al., 2013). In parallel, we have worked on evaluation of
specific sectors and pollutants that resulted in estimation of new model technology constraints
or review of existing assumptions; examples for small combustion sources, methane,
agriculture are included in several reports and papers, e.g., (Amann et al., 2012; Hoglund-
Isaksson et al., 2010; Klimont and Winiwarter, 2011; Winiwarter and Klimont, 2011).

For China, collaboration with partners in China (Tsinghua University) has been essential to
update the parameterization for several key sources like power plants, cooking and heating
stoves, several industrial processes, and transport. The work on this parameterization has
resulted also in papers where various policies were reviewed including very ambitious future
targets (Wang et al., 2014; Zhao et al., 2013).

Key areas where revision of parameterization was performed included:

o Small scale heating, residential commercial installations including solid fuel
household boilers and stoves; key pollutants include particulate matter (including BC
and OC), CO, NMVOC

o Road and non-road transport; key pollutants include NOy and particulate matter
(including BC), also CO and NMVOC

o Large scale industrial combustion; especially relevant in strongly developing regions
with limited mitigation and experience so far; mostly affected pollutants include SO,
NOy, particulate matter (however, not relevant for carbonaceous particles)

o For developing regions in Asia, some of the informal manufacturing sectors like brick
making are an important source of pollution and difficult areas when it comes to
assessment of mitigation opportunities and its potential; key pollutants include
particulate matter (including BC and OC), CO, and sulfur dioxide

o Solvent sector; several industrial processes and individual activities spreading from
paint application, manufacturing bulk chemicals, printing sector, household use of
solvent products, etc. Technologies span from end of pipe and substitution measures in
large industries to substitution and good practice measures in small industry and
households. Key pollutant is NMVOC.

o Oil and gas industry and distribution of fossil fuels where measures at the production
site as well as during transmission (specifically gas pipelines) are playing key role; the
category is especially important for reduction of methane losses but also NMVOC
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from storage and products of incomplete combustion (e.g., black carbon) from gas
flaring are highly relevant.

o For agriculture, some of the critical elements include understanding of existing
practices and farm-size distribution and their further evolution; key pollutants include
methane and ammonia

o Waste is a sector where several industrial, residential but also agricultural activities
play a role. Understanding current practices is crucial to determine the mitigation
potential to mitigate methane and particulate matter emissions.

3 Assessment of the mitigation potential in 2030 and 2050

In this section we summarize the estimated mitigation potential for several key pollutants and
sectors for the year 2030 and 2050. This section presents the results for the current legislation
(CLE) and the maximum technologically feasible reduction (MTFR) scenarios at the global
level and also for Europe and China. All estimates were performed with the GAINS model.

3.1 Overview

Figure 1 summarizes the result of the assessment of the MTFR emissions in 2030 and 2050
against current legislation emissions (CLE) evolution over the whole modelling time horizon
(1990-2050) for CO, and selected key pollutants: sulphur dioxide (SO;), nitrogen oxides
(NOy), black carbon (BC), methane (CH,4, and ammonia (NH3). The evolution is presented in
relative terms, i.e., compared to the CLE emissions in 2010 and the scale on charts is the
same, and three columns represent three regions: World, China, Europe.

In the considered baseline scenario, global CO, emissions grow strongly and China is one of
the engines of the growth, while European emissions are expected to stabilize. However, in
spite of the strong CO; growth, significant decoupling of air pollutant emissions is visible in
the CLE scenario which shows decline or slower growth than that of CO,. This is largely due
to already introduced air pollution legislation. At the same time, it is obvious that the level of
that legislation is not the same across the world and so, for example, global SO, after a period
of stabilization is expected to grow in the future even though Chinese and European (as well
as US but not shown here) trajectory of SO, is showing slower rebound; the reasons include
strong growth in regions like India where no mitigation in power sector has been introduced
in the current policies. For some of the other pollutants the picture is similar showing that
policies in Europe and China are not enough to counteract the global trend and in many cases
all over the whole world the current legislation is not enough to stop emissions from future
increase (reverse of the recent trend). For some pollutants like NOy, CH4, NH3 the growth in
China is faster than the global trend. Overall, however the important decoupling of COand
air pollutant emissions is visible across most of the world.

The developments in the CLE scenario, as briefly characterized above, are an important
determinant of the future mitigation potential depicted in Figure 1 as MTFR. As we can
clearly see there are strong regional differences in mitigation potential between the regions.
For example, for NOy the potential shown for China and Europe is vastly different and the
reasons for that are two fold, the legislation in industrial combustion (including power plants)
and transport sector. For both of these Europe has agreed to introduce strict emission limits
and therefore emissions continue declining in the CLE case and only relatively small further
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mitigation potential remains. At the same time in China, there is only limited legislation, but
large and growing capacity, of coal boilers and also transport legislation lags behind that of
Europe.

Global China Europe —it

® MIFR

co,

SO, -

NO, -

BC

CH, 7

NH, -

Figure 1. Overview of global and regional emissions of selected pollutants for the current legislation
(CLE) and maximum technical reduction (MTFR) scenarios in the ECLIPSE V5 data set developed
with the GAINS model.

Overall, the mitigation potential varies from about 30% in Europe for ammonia, through
about 50% for methane, and up to 70-80% for SO,, NOy, or BC. Of course the potentials vary
more significantly for specific regions, pollutants and sectors that is illustrated here in this
summary chart but that is illustrated in further sections of this report. Typically, the mitigation
potential for 2050 is slightly larger than estimated for 2030 as more of the older capacity
could be replaced.
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Tables 1-3 show more detail for the three regions shown above, including also results for non-
methane volatile organic compounds (NMVOC), organic carbon (OC), and carbon monoxide
(CO).

Table 1. Global emissions of CO, and air pollutants in the current legislation (CLE) and maximum
technically feasible reduction (MTFR) scenarios; [Tg except CO, where in Pg]
2010 2020 2030 2050

Co, 33 39 44 56
CH, CLE 343 379 423 533
MTFR 211 245
02 CLE 89 83 86 108
MTFR 29 30
NOy (asNO,)  CLE 95 08 100 127
MTFR 45 36
NMVOC CLE 110 114 111 127
MTFR 49 46
BC CLE 7 7 6 6
MTFR 2 1
oC CLE 15 14 13 14
MTFR 3 3
co CLE 568 565 522 565
MTFR 219 209
NHs CLE 57 63 70 80
MTFR 39 44

Table 2. Emissions of CO, and air pollutants in the current legislation (CLE) and maximum
technically feasible reduction (MTFR) scenarios for Europe; [Tg except CO, where in Pg]

2010 2020 2030 2050

CO; 5.8 5.6 5.4 5.5
CH, CLE 40.0 37.1 38.0 42.7
MTFR 18.1 191
SO2 CLE 10.0 7.1 7.3 8.4
MTFR 2.5 24
NOy (as NO,) CLE 14.5 111 9.4 9.1
MTFR 5.3 4.0
NMVOC CLE 12.1 10.0 9.2 9.2
MTFR 5.1 4.8
BC CLE 0.6 0.4 0.4 0.3
MTFR 0.1 0.1
oC CLE 0.8 0.7 0.6 0.6
MTFR 0.2 0.1
CO CLE 46.5 36.3 33.8 35.5
MTFR 18.5 17.8
NH; CLE 5.3 5.4 08 5.7
MTFR 3.6 3.8
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Table 3. Emissions of CO, and air pollutants in the current legislation (CLE) and maximum
technically feasible reduction (MTFR) scenarios for China; [Tg except CO, where in Pg]
2010 2020 2030 2050

Co, 10.9 14.2 15.9 20.0
CH, CLE 51.6 60.7 68.7 92.2
MTFR 36.0 43.8
02 CLE 31.2 28.9 26.7 30.0
MTFR 12.9 12.6
NOy (asNO,)  CLE 23.0 29.2 31.1 37.0
MTFR 12.8 10.4
NMVOC CLE 22.9 26.0 23.8 25.3
MTFR 10.7 9.0
BC CLE 1.9 1.6 1.2 0.7
MTFR 0.5 0.2
ocC CLE 4.1 3.0 2.3 1.8
MTFR 0.7 0.5
co CLE 188.7  187.1  153.3  139.8
MTFR 60.3 57.0
NHs CLE 14.5 16.0 17.5 18.6
MTFR 6.9 7.5

3.2 Black carbon

This section presents more detailed results for black carbon. Specifically, for each of the three
regions, sectorial estimates are presented in Figure 2 (for 2030) and Tables 4-6 (for 2030 and
2050). The mitigation potential in 2030 is about 60-70% and increases by 2050 to about 80%
(see Tables 4-6).
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Figure 2. Black carbon emissions by key sectors in 2030 estimated for Europe, China and at a global
level for current legislation (CLE) and maximum technically feasible mitigation (MFR) scenario,
[Gg BC]
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The structure of emissions in 2030 (CLE) is not dramatically different across the regions,
although there are some visible differences, e.g., emissions from fossil fuel production and
distribution are not relevant in China; this is because for BC the responsible activity is gas
flaring and with low oil production the activity in China is small. While transport shows
similar importance, the residential combustion (key sector) varies across regions and the
variability would be even larger when viewed at a finer spatial scale. This is reflected in the
mitigation opportunities and structure of emission in the MFR case, however, residential
sector with its solid fuel cooking and heating stoves remains consistently the biggest source in
the MFR case, even when assuming that currently tested advanced cooking technologies like
fan assisted stoves would deliver significant reductions observed in the lab studies.

Also industry remains visible in the MFR case (apart from Europe) and this is mostly due to
coking and brick making, both sectors largely uncertain when it comes to emission
assessment and mitigation potential. At the same time sectors like waste, agriculture, gas
flaring (included in the fossil fuel production) do not appear in the results for MFR. The
reason for that is that in the MFR scenario we assume that effective bans on open burning of
agricultural and residential waste will be introduced and enforced while gas flaring will be
minimized, i.e., brought down to the level country observed in the North Sea operations.

Tables 4-6 below give more detail about particular sector and present also actual reductions
achieved in each region.

Table 4. Emissions of black carbon (BC) in Europe in 2030 and 2050, [Gg BC]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 1 2 0 0 -82% -80%
Residential 176 157 56 45 -68% 71%
Industry 25 34 1 0 97% -99%
Fossil fuel prod.& distr. 34 39 2 2 -95% -95%
Transport 70 54 46 24 -34% -56%
Agriculture 46 46 0 0 -100% -100%
Waste 4 4 0 0 -100% -100%
Total 355 335 104 72 -71% -79%

Table 5. Emissions of black carbon (BC) in China in 2030 and 2050, [Gg BC]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 11 12 1 1 -91% -89%
Residential 753 262 318 62 -58% -76%
Industry 126 136 49 51 -61% -62%
Fossil fuel prod.& distr. 3 3 0 0 -95% -95%
Transport 259 256 139 80 -46% -69%
Agriculture 69 69 0 0 -100% -100%
Waste 12 12 0 0 -100% -100%
Total 1233 750 508 194 -59% -74%
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Table 6. Emissions of black carbon (BC) in Global in 2030 and 2050, [Gg BC]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE
2030 2050 2030 2050 2030 2050
Power plants 61 44 2 3 -97% -94%
Residential 3509 2879 1141 693 -67% -76%
Industry 504 567 95 95 -81% -83%
Fossil fuel prod.& distr. 245 291 13 15 -95% -95%
Transport 1495 1969 727 317 -51% -84%
Agriculture 369 369 0 0 -100% -100%
Waste 84 84 0 0 -100% -100%
Total 6267 6203 1978 1122 -68% -82%
3.3 Methane

This section presents more detailed results for methane. Specifically, for each of the three
regions, sectorial estimates are presented in Figure 3 (for 2030) and Tables 7-9 (for 2030 and
2050). The mitigation potential in 2030 is about 50% and increases only slightly by 2050 (see
Tables 7-9).

Methane emissions are dominated by fossil fuel production and distribution, agriculture and
waste, while sectors that were key for BC, like transport and residential, are not important.
The picture is similar across the world and in all regions we estimate a very significant
potential for mitigation in waste and fossil fuel production and distribution sectors ranging
between 70 and 80%. At the same time only 10-15% of agricultural emissions could be
reduced making this sector the largest component of the remaining emissions in the MFR
case, however the share of this sector in different regions will vary largely determined by the
size of the coal and gas industry.
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Figure 3. Methane emissions for key sectors in 2030 estimated for Europe, China and at a global level
for current legislation (CLE) and maximum technically feasible mitigation (MFR) scenario, [Gg CH,]
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Table 7. Sectorial emissions of methane in Europe in 2030 and 2050, [Gg CH,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 67 99 67 99 0% 0%
Residential 273 243 43 37 -84% -85%
Industry 41 50 42 52 3% 3%
Fossil fuel prod.& distr. 15880 17675 3599 4039 T7% T7%
Transport 500 338 298 107 -40% -68%
Agriculture 13118 13431 11602 11842 -12% -12%
Waste 8127 10827 2401 2922 -70% -73%
Total 38005 42664 18051 19099 -53% -55%

Table 8. Sectorial emissions of methane in China in 2030 and 2050, [Gg CH,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 98 137 98 136 -1% -1%
Residential 755 435 210 128 72% -70%
Industry 180 234 182 235 1% 1%
Fossil fuel prod.& distr. 36790 51249 14737 19698 -60% -62%
Transport 275 387 275 386 0% 0%
Agriculture 20996 22990 17905 19851 -15% -14%
Waste 9655 16720 2566 3406 -73% -80%
Total 68749 92151 35971 43841 -48% -52%

Table 9. Sectorial emissions of methane in Global in 2030 and 2050, [Gg CH,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 318 451 311 448 2% -1%
Residential 8865 8899 1601 1543 -82% -83%
Industry 502 657 495 651 2% -1%
Fossil fuel prod.& distr. 202512 264833 59562 75852 71% 71%
Transport 2412 2897 1910 2092 21% -28%
Agriculture 145922 158661 130972 143433 -10% -10%
Waste 62530 96352 16021 21299 74% -78%
Total 423061 532751 210873 245318 -50% -54%

3.4 Sulphur dioxide

This section presents more detailed results for sulphur dioxide. Specifically, for each of the
three regions, sectorial estimates are presented in Figure 4 (for 2030) and Tables 10-12 (for
2030 and 2050). The mitigation potential in 2030 is about 50-70% and increases only slightly
by 2050 (see Tables 10-12).
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The important policies in power sector carried forward in several regions result in a declining
share of power sector in the total emissions and so the industrial combustion and processes is
dominating the future emissions in the CLE case. Especially in Europe and China the policies
in this sector brought important reductions, however, there is still important mitigation
potential moving towards best available technology can cut power sector emissions further by
about up to over 80% in 2050 (see Tables 10-12). Mitigation in industry is more difficult, also
because there are several process emissions contributing and so in spite of application of best
technology industry remains the key source. Residential combustion sector is limited to
introduction of cleaner (low sulphur fuels) and as long as it remains part of the energy future
emission from this sector might be of local importance even in MFR like scenarios.
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Figure 4. SO, emissions for key sectors in 2030 estimated for Europe, China and at a global level for
current legislation (CLE) and maximum technically feasible mitigation (MFR) scenario, [Gg SO,]

Table 10. Sectorial emissions of SO, in Europe in 2030 and 2050, [Gg SO,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 1996 2519 633 482 -68% -81%
Residential 658 665 353 328 -46% -51%
Industry 4139 4788 1325 1431 -68% -70%
Fossil fuel prod.& distr. 370 361 141 132 -62% -63%
Transport 131 97 65 51 51% -47%
Agriculture 17 17 0 0 -100% -100%
Waste 2 2 0 0 -100% -100%
Total 7313 8450 2517 2425 -66% -71%
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Table 11. Sectorial emissions of SO, in China in 2030 and 2050, [Gg SO,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 6036 8002 2527 2031 -58% -75%
Residential 3105 1065 1993 756 -36% -29%
Industry 16511 19791 8183 9546 -50% -52%
Fossil fuel prod.& distr. 611 611 176 176 -71% -71%
Transport 406 451 44 65 -89% -86%
Agriculture 26 26 0 0 -100% -100%
Waste 4 4 0 0 -100% -100%
Total 26700 29951 12924 12574 -52% -58%

Table 12. Sectorial emissions of SO, in Global in 2030 and 2050, [Gg SO,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 29291 39592 5170 4482 -82% -89%
Residential 6954 5172 4466 3326 -36% -36%
Industry 46240 58779 18017 21321 -61% -64%
Fossil fuel prod.& distr. 2452 2861 769 843 -69% 71%
Transport 1147 1412 259 351 -77% -75%
Agriculture 199 199 0 0 -100% -100%
Waste 58 58 0 0 -100% -100%
Total 86340 108073 28681 30323 -67% -72%

3.5 Nitrogen oxides

This section presents more detailed results for nitrogen oxides emissions. Specifically, for
each of the three regions, sectorial estimates are presented in Figure 5 (for 2030) and Tables
13-15 (for 2030 and 2050). The mitigation potential in 2030 is about 40-60% and increases to
over 70% by 2050 (see Tables 13-15).

Interestingly, Europe shows smallest relative mitigation potential in MFR case. This is
because, the current policies are asking already for strict standards and so exploring large part
of the mitigation potential. Still, in the long term technical measures in transport and industry
could still bring over 50% reductions. For the rest of the world the mitigation is larger and
reaches over 70% by 2050 with largest opportunities in power and transport sectors. In spite
of the efforts and advanced technology like Euro 6/VI, transport sector remains key
contributor in the MFR case representing often about 50% of total emissions of NOy. Of
course, the MFR scenario does not explore opportunities like fuel switching, electric or
hydrogen cars, as well as management options — more public transport, car free zones, etc.,
which would bring further significant reductions in the future.
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Figure 5. NOy emissions for key sectors in 2030 estimated for Europe, China and at a global level for
current legislation (CLE) and maximum technically feasible mitigation (MFR) scenario, [Gg NO;]

Table 13. Sectorial emissions of NO, in Europe in 2030 and 2050, [Gg NO,]

Current legislation

Maximum reduction

Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 1789 1599 711 587 -60% -63%
Residential 757 768 568 551 -25% -28%
Industry 3049 3539 1439 1599 -53% -55%
Fossil fuel prod.& distr. 160 167 128 129 -20% -22%
Transport 3635 2954 2445 1215 -33% -59%
Agriculture 29 29 1 1 -97% -97%
Waste 4 4 0 0 -100% -100%
Total 9422 9060 5291 4082 -44% -55%

Table 14. Sectorial emissions of NO, in China in 2030 and 2050, [Gg NO,]

Current legislation

Maximum reduction

Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 10559 13937 2239 2988 -79% -79%
Residential 919 573 854 476 -1% -17%
Industry 9541 11132 4260 5283 -55% -53%
Fossil fuel prod.& distr. 295 295 292 292 -1% -1%
Transport 9765 11054 5112 1352 -48% -88%
Agriculture 24 24 0 0 -100% -100%
Waste 4 4 0 0 -100% -100%
Total 31107 37020 12758 10391 -59% -72%
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Table 15. Global emissions of NO, by sector in 2030 and 2050, [Gg NO,]

Current legislation Maximum reduction Reduction in MTFR

(CLE) (MTFR) compared to CLE

2030 2050 2030 2050 2030 2050

Power plants 23363 29270 5914 7190 -75% -75%
Residential 5412 5471 4275 4143 -21% -24%
Industry 28540 36284 11414 14549 -60% -60%
Fossil fuel prod.& distr. 1598 1782 1365 1506 -15% -15%
Transport 40873 53318 22470 9098 -45% -83%
Agriculture 349 349 1 1 -100% -100%
Waste 116 116 0 0 -100% -100%
Total 100251 126591 45441 36487 -55% -71%

4 International shipping

International shipping contributes significant share to total emissions of SO, (about 10%) and
NOy (over 15%) at a global level. While it is much less important for black carbon emissions
(about 1%) there are several hot spots that might still be of strong relevance for impact
analysis. In ECLIPSE project we have developed own estimates starting from the outcomes of
another EU funded project QUANTIFY, rather than relying on RCP work. The key reason

was inclusion of the IMO regulation on low sulphur fuel in the baseline and a possibility of
defining an MFR scenario.
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Figure 16. Emissions from international shipping estimated in the ECLISPE project and compared to
the RCP.

Figure 16, compares global international shipping estimated in four RCP scenarios with the
ECLISPE project set, showing that for SO, already baseline emissions are lower from 2020
onwards owing to the IMO regulations. At the same time the MFR case shows some further
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potential for SO, but mostly that NOy and carbonaceous particle emissions could be
significantly reduced if new ships would be required to install selective catalytic reduction
(SCR) and particle filters.

5 Spatial distribution

The calculated MTFR case emissions have been also spatially allocated to 0.5x0.5 degree
grid. While they were not used specifically in the ECLISPE project, this output is of important
value for several future projects, including work under the UNECE HTAP Task Force (Task
Force on Hemispheric Transboundary Air Pollution) and other regional and global activities.

Figure 17 and 18 present two examples for black carbon emissions. Figure 17 shows CLE
(left panel) and MTFR (right panel) emissions in 2030. One can see very strong decline in
several regions and most of the hot spots disappear, including also large gas flaring from oil
production in northern Russia. Remaining emissions in the MFR case are mostly residential
combustion and transport.

Figure 17. Emissions of BC in Europe; CLE (left panel) and MTFR (right panel) in 2030

Similarly, the same two scenarios are illustrated for China where in the baseline (CLE large
areas in East China show still significant emissions. The MFR case shows significant
reduction but a number of hot spots are still remaining. Note that the scale on the Chinese
charts is 3 times European; charts show emission density in tonnes per grid (0.5x0.5 degree).

Figure 18. Emissions of BC in China; CLE (left panel) and MTFR (right panel) in 2030
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