











Appendix |

Various contributions to the outdoor concentration gf PM
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Figure 1.1 PM,, concentrations and sources in urban and rural areas in generic world regions
Source: derived from OECD (2008)

(ug/m? and also emissions (tonnes) can be used to claim that sulphur emission reductions are
more effective (leaving aside the differences in marginal abatement costs of specific substances).
To illustrate this, sulphur tends to be emitted by large point sources in suburban areas and to
disperse over larger areas, whereas PM,, emissions are also emitted in urban areas and remain
for quite some time. From examining the options to optimally reduce average exposure to
ambient urban PM, ;, the more effective response is to reduce energy-related PM emissions rather
than to reduce sulphur emissions. This point certainly holds for the EU countries (see also model
simulations by Amman et al., 2004), but can also be shown to hold for the usa, although histori-
cally there are fewer SO, mitigation programs than in the EU.

In addition, the assumption that substances in LAP affect air quality only in that local region may
seem unfortunate. However, this simplification does not lead to significant errors in the simula-
tions, because

1. Calculations refer to averages over one region. The regions are large, and cover urban and
rural areas. Thus, air quality in border areas does affect the average, but does not fully
represent the average concentration in a region.

2. Average contributions in the base year are dominated by urban concentrations. Transbound-
ary issues related to urban-dominated concentrations are less important. Thus, any error may
be small. Emissions of primary PM remain close to the source as compared to SO, emissions
and its conversion to sulphates which is actually substance contributing to the exposure of
PM, ; concentrations, mainly because the height of emissions of SO, is on average larger than
for pm. Careful checking of the RAINS model regard to SO, emissions shows the following:

a. 80% emissions in Western Europe contribute to air quality in this region, and on average,

20% leaks to central European countries (as part of eefsu in MERGE).
b. Only 5% of emissions in Central Europeleak to Western Europe.
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Emission of particulate matter by variant
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Figure 1.2 Emissions of PM,, for two regions (OECD-EU and EEFSU) and two scenarios (BAU and
GCC&LAP) with and without leakages.

This could serve as an extreme upper estimate for leakage of energy-related primary pMm, but
should be interpreted as maximum estimate.. Figure 2 shows how the assumption for SO, leak-
ages applied to pMm affects the net emissions of Western Europe and EEFsU.

It can be seen that when transboundary aspects are not included the number of premature deaths
in oECD-Europe is overestimated by 11% in 2010, and 20% in 2040. At the same time, the
number of premature deaths in EEFSU is underestimated by up to 9%.. This suggests — with a
linear impact on concentrations, premature deaths, and monetisation - an even smaller error in
the damage valuations (including discounting) relevant for utility that may lead to relocation of
resources for CO2 abatement (in Westerne Europe, 3% in 2010 and 2% in 2040; and for EEFSU,
1%).The errors in the global estimates are even smaller, because other regions are even larger
than Western Europe and EEFSU, and also leakages are cancelled out (an increase in one region
is a reduction in the other) thus leading much lower leakages.

In conclusion, as regions are large, leakages and transboundary air quality impacts are limited.
The transboundary aspects of sulphur emissions are larger than for PM,,emissions, as shown in
Figure 1. Errors resulting from not including transboundary air pollution on discounted welfare
changes at the regional level are less than 3%, and thus our approximation is not likely to have
a significant impact on the optimal regional emissions of CO, and PM,, or on reallocation of
resources.
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1.3 Assumptions emissions of GHG and air pollutants

Global emissions of BAU scenario

Index (2010=100)
300

- Greenhouse gases
—— NO,
— NH,
200 — Particulate matter
e 802
0 /
0 T T T T T T T T x
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Global SO, emissions of BAU scenario by source
Mt
1607 I Process
1 Non-electric
120 [ ] oi
| ] Coa
80— Electric
[ ] oi
1 B coa
40—
0 =l

2000 2020 2050

67



Co-benefits of climate policy PBL

Global PM,, emissions of BAU scenario by source
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Global non-electric energy of BAU scenario by source
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Appendix Il More detailed results of variants

Table IL.1 presents the CO,,, emissions for the regions and scenario’s discussed in the previous
chapters. The BAU scenario is consistent with OECD baseline of the recently published 2050
OECD Outlook. The CBall scenario is the optimal (minimal damage by climate change and air
pollution and maximum economic growth) outcome of the MERGE model. The climate change
policy scenarios are based on a pre determined 2050 global emission reduction (compared to
2005). For the period 2020-2040 the climate change reduction scenarios follow an optimal
global reduction path based on gradually increase of the permit price (see table I1.3) for CO,,,
Table II.2 presents the premature deaths for the regions and scenario’s discussed in the previous
chapters. The CBall scenario is the optimal (minimal damage by climate change and air
pollution and maximum economic growth) outcome of the MERGE model. The Air pollution
scenario is based on a pre determined regional premature death reduction (25% in 2050
compared to 2005). The premature death reduction was based on the ratio of CO,,, reduction for

Table .1 Green house gas emissions of the climate and Air pollution policy scenarios (GCC25, GCC35, GCC50,
AP25, CBall)

GTCO,eq 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Global

BAU 8.7 1.2 13.1 15.4 17.4 18.3 20.4 22.6 25 27.9 30.7
GCC25 8.7 10.7 10.7 9.7 8.4 7.5 6.4 5.8 5.4 5.2 5.1
GCC35 8.7 10.7 10.5 9.4 8.3 6.5 53 4.6 3.9 815 3.2
GCC50 8.7 10.5 9.5 8 6.4 5.0 3.6 32 29 25 24
AP25 8.7 1.2 10.5 10.3 9.1 75 6.3 5.6 5.1 4.8 4.6
CBAIl 8.7 10.7 10.2 9.7 8.2 6.3 4.9 4.0 33 2.8 24
OECD

BAU 3.6 4.0 4.3 4.4 4.6 4.7 4.6 4.5 4.4 4.4 45
GCC25 3.6 3.8 35 24 1.8 1.4 1.1 0.92 0.82 0.79 0.70
GCC35 3.6 3.8 34 24 1.8 1.4 1.1 0.89 0.72 0.60 0.51
GCC50 3.6 3.7 2.9 2.1 1.6 1.2 0.98 0.79 0.66 0.55 0.47
AP25 36 4.0 3.3 2.7 2.0 1.5 1.2 1.0 0.8 0.7 0.7
CBAII 3.6 3.3 28 2.3 1.8 1.4 1.1 0.88 0.72 0.59 0.50
China

BAU 1.1 23 3.3 4.0 47 4.9 6.1 6.8 79 9.3 10.9
GCC25 1.1 2.1 24 24 22 2.0 1.8 1.6 1.4 1.3 1.2
GCC35 1.1 2.1 24 24 22 1.5 1.3 0.99 0.85 0.88 0.92
GCC50 1.1 2.0 22 1.9 14 0.95 0.66 0.47 0.37 0.26 0.37
AP25 1.1 22 25 25 24 1.9 1.6 1.6 14 1.4 1.3
CBAII 1.1 2.3 2.6 25 2.0 14 0.96 0.69 0.50 0.36 0.26
India

BAU 0.48 0.71 0.89 1.2 1.5 1.8 2.1 24 28 33 3.8
GCC25 0.48 0.69 0.73 0.75 0.73 0.79 0.71 0.67 0.62 0.58 0.55
GCC35 0.48 0.69 0.72 0.75 0.75 0.61 0.54 0.47 0.41 0.34 0.29
GCC50 0.48 0.67 0.67 0.61 0.51 0.42 0.35 0.31 0.28 0.25 0.24
AP25 0.48 0.71 0.73 0.77 0.80 0.76 0.67 0.53 0.61 0.57 0.54
CBAII 0.48 0.72 0.72 0.74 0.64 0.49 0.40 0.34 0.30 0.26 0.24
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the GCC25 variant in relation to the BAU and CBall emissions, the same ratio was applied for
the premature death reduction.

Table Il.2 Premature deaths of the climate and air policy scenarios (GCC25, GCC35, GCC50, AP25, CBall)

millions
Global
BAU
GCC25
GCC35
GCC50
AP25
CBall
OECD
BAU
GCC25
GCC35
GCC50
AP25
CBall
China
BAU
GCC25
GCC35
GCC50
AP25
CBall
India
BAU
GCC25
GCC35
GCC50
AP25
CBall

2000

4.5
4.5
4.5
4.5
4,5
4.5

0.88
0.88
0.88
0.88
0,88
0.88

0.93
0.93
0.93
0.93
0,93
0.93

0.46
0.46
0.46
0.46
0,46
0.46

2010

5.8
5.7
5.6
5.6
5,7
5.6

0.77
0.75
0.75
0.74
0,75
0.60

1.6
1.6
1.6
1.6
1,6
1.6

0.84
0.82
0.82
0.81
0,82
0.85

2020

7.5
6.9
6.9
6.5
6,9
6.0

0.80
0.72
0.69
0.65
0,72
0.42

22
2.0
2.0
1.9
2,0
1.8

1.5
1.3
1.3
1.3
1,3
1.2

2030

9.4
8.4
8.4
73
8,4
6.1

0.88
0.63
0.62
0.62
0,63
0.34

25
24
24
2.0
2,4
1.9

22
2.1
2.1
1.8
2,1
1.7

2040

1.5
9.3
9.5
7.6
9,3
5.3

0.92
0.62
0.61
0.59
0,62
0.28

3.1
2.8
29
2.0
2,8
1.6

3.0
25
2.6
2.0
2,5
1.6

2050

13.0
10.5
9.2
7.6
10
4.3

0.94
0.65
0.65
0.63
0,65
0.24

34
3.1
2.6
1.9
3,1
1.2

3.4
3.1
26
2.1
3.1
1.3

2060

14.0
10.6
9.2
7.6
"
3.8

0.92
0.63
0.62
0.61
0,63
0.22

3.6
3.1
24
1.8
3,1
0.99

3.7
3.1
26
2.1
3.1

2070

14.7
1.1
9.6
8.2
"
3.5

0.91
0.64
0.63
0.62
0,64
0.21

3.6
3.1
24
1.9
3,1
0.93

3.8
34
28
2.3
3.4
1.0

Table 1.3  Permit price for the climate policy scenarios (GCC25, GCC35, GCC50, CBall)

Euro/ton C,
GCC25
GCC35
GCC50

CBall

Eurolton CO,,,
GCC25
GCC35
GCC50

CBall

72

2010

2020

118
131
166

95

32
36
45
26

2030

207
228
340
131

56
62
93
36

2080

15.6
"7
10.1
8.9
12
3.5

0.91
0.67
0.64
0.64
0,67
0.20

3.6
3.1
2.5
2.1
3,1
0.93

4.0
35
3.0
2.6
3,5
1.0

2040

258
363
584
184

70
99
159
50

2090

16.6
12.3
10.6
9.5
12
3.4

0.93
0.75
0.68
0.67
0,75
0.20

3.7
3.2
2.7
2.2
3,2
0.91

4.3
3.6
3.1
2.8
3,6
0.99

2100

17.6
13.2
1.1
10.3

34

0.94
0.78
0.71
0.71
0,78
0.19

3.8
3.2
2.9
24
3,2
0.89

4.5
3.8
3.2
3.1
3,8
1.0

2050

262
610
965
251

71
166
263
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Global climate policy will reduce outdoor air
pollution

A stringent global climate policy will lead to
considerable improvements in local air quality and
consequently improves human health. Measures
to reduce emissions of greenhouse gases to 50%
of 2005 levels, by 2050, can reduce the number
of premature deaths from the chronic exposure
to air pollution by 20 to 40%. Climate policy will
already generate air quality improvements in

the OECD countries (particularly in the USA) in
the mid-term, whereas in developing countries
these benefits will only in the longer run show to
be significant. This is the main message of this
report that was carried out for the OECD.

Netherlands Environmental Assessment Agency, February 2009





