Baseline Emissions under
Business as Usual

In models of abatement cost, the driving force in the calculations is typically
the depth of the emissions cut from a business as usual (bau) baseline. The first
step in this study is thus to estimate bau emissions through 2050. The estimates
are developed for the world as a whole and at the country level for the 25 largest
emitting economies (with the European Union treated as a single country). A
decomposition framework useful for this purpose distinguishes four influences
determining emissions growth: rising population, rising per capita GDP, trends
in efficiency in energy use per unit of GDP, and trends in carbon-saving increases
in energy per unit of carbon emitted. For 25 economies accounting for 92 percent
of global emissions in 2007, emissions rose at an annual rate of 1.8 percent from
1990 to 2006, composed of 1 percent for population growth, 2 percent for per
capita output growth, offset by 1.4 percent annual increase in output efficiency
of energy, with virtually no change in efficiency of carbon usage of energy.

Baseline projections through 2030 are taken from the Energy Information
Administration. They show that by 2030 China alone will have approximately
the same emissions as the United States, European Union, and Japan combined.
The projections are extended through 2050 by applying projections of popula-
tion growth and extrapolations of the 2020-30 country-specific growth rates
of per capita output, energy efficiency, and carbon efficiency. The resulting
global totals by 2050 amount to 53 billion tons of carbon dioxide (GtCO,), in
the same broad range as a key scenario used by the Intergovernmental Panel on
Climate Change (IPCC): “A2,” with 61 GtCO, by 2050.

Framework

For any of the major emitting countries, let E, = emissions of carbon dioxide
(excluding from deforestation, not considered in the present study) in year ¢.
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Let N, = population in year ¢. Let g, = real GDP per capita, at 2005 constant
international purchasing power parity (ppp) dollars. Let 4, = output per unit
of energy, or “energy efficiency.” Let y, = energy per unit of carbon dioxide, or
“carbon efficiency.” Referring to constant rates over a period of a decade, for
the decade and country in question the path of population will follow:

N,=Npe" @1)

where 7 is the rate of growth of population, subscript 0 denotes the year at the
beginning of the decade, and e is the base of the natural logarithm. Similarly,
output per capita will follow the path:

qr = qoegr (2’2)

where g is the growth rate of per capita income. Total production will then
equal:

Q =Ng, (2.3)

Total carbon dioxide emissions will then equal total output divided by
the energy efficiency parameter (output per unit of energy) times the carbon
efficiency parameter (energy per unit of carbon), or:

£ -2
CoAY,

(2.4)

The time path for the energy and carbon efficiency parameters, in turn,
will be:

A=A (2.5)
and
71 2.6)

where w is the annual rate of increase in energy efficiency of output and c is the
annual rate of increase in carbon efficiency of energy.
Substituting, the time path for carbon dioxide emissions will be:
- Noe'”qoegt
t loewt}/oect
N
— qo e(n+g—w—£)t =FE e(n+g—w—c)t
0

"y

0/0

2.7)

The annual rate of change of emissions will then be the ratio of the deriva-
tive of this expression to the expression itself:

. dE/dt  (n+g-w-c)Ee"s
t = E - Eoe(rﬁgfwfc)t

t

=ntg-w-c¢ (2.8)
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So it turns out that the rate of growth of emissions for the country and
decade in question will simply equal the period growth rate of population plus
the growth rate of per capita GDP minus the growth rate of the energy effi-
ciency of output minus the growth rate of the carbon efficiency of energy.

Decomposing Emissions Trends, 1990-2006

The framework in equations 2.1 to 2.8 can be used to decompose the growth
of carbon dioxide emissions from fossil fuels (and hence excluding defores-
tation) by major emitting nations in recent decades. Table 2.1 reports this de-
composition.

Thesixlargest emittersin 2006 were China, the United States, the European
Union, Russia, India, and Japan. Emissions growth rates for 1990-2006 were
high in China and India, intermediate in the United States, and low in the
European Union, Japan, and Russia. High emissions growth in China reflected
very high growth in per capita GDP and low (negative) growth in carbon effi-
ciency of energy (c), which more than offset high growth in energy efficiency
of output (w). In this respect it is encouraging that China has announced its
intention to reduce the carbon intensity of GDP by 40 to 45 percent by 2020 (as
discussed below). In the 2006-10 five-year plan, China instead solely empha-
sized increased energy efficiency.' In India, rapid emissions growth reflected
high demographic expansion, high growth in GDP per capita, and substan-
tial negative growth in carbon efficiency of energy, which together more than
offset relatively high growth in energy efficiency of output.

Low growth of emissions in Japan reflected low population growth
and only moderate economic growth and was achieved despite low growth
in energy efficiency of output (albeit from an already high base). In Russia,
carbon dioxide emissions declined by about one-fourth from 1990 to 2006 as
a consequence of a decline in GDP and increase in output efficiency of energy
(but only to a still low level of 4 by 2006). Intermediate emissions growth in the
United States reflected intermediate population and economic growth only
partially offset by relatively rapid energy efficiency growth, with virtually no
change in carbon efficiency of energy.

For the 25 major emitting countries (including the European Union as
one), emissions rose at 1.82 percent annually from 1990 to 2006. The largest
source of emissions growth was from per capita output growth (about 2.1 per-
cent). Population growth added about 1.1 percent per year, but rising energy
efficiency of output provided an offset of about 1.4 percent per year. There was
almost no contribution at all to emissions restraint from the source of carbon
efficiency of energy (-0.03 percent per year).

1. For the 2006-10 five-year plan, China pledged to reduce energy use per unit of GDP by 20
percent. This amounted to a pace of 3.7 percent per year, compared with 4.8 percent achieved in
1990-2006 (table 2.1).

BASELINE EMISSIONS UNDER BUSINESS AS USUAL 9
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Table 2.1 Carbon dioxide emissions: Growth decomposition, 1990-2006*

Level, 2006 Efficiency

Country/ (million Growth rates, 1990-2006 (annual percent) parameters, 2006"
economy metric tons) Total n g w c A ¥

Argentina 173 2.70 1.13 2.76 1.36 -0.17 6.66 0.40
Australia 372 1.48 1.18 1.98 1.07 0.60 5.38 0.33
Brazil 352 3.27 1.48 1.23 -0.51 -0.05 7.47 0.64
Canada 544 1.19 1.01 1.75 1.18 0.39 4.32 0.50
China 6,099 5.79 0.84 8.84 4.82 -0.93 3.16 0.31
Egypt 167 491 1.87 2.20 -0.13 -0.71 537 0.37
European Union 4,050 -0.23 0.22 1.96 1.57 0.83 717 0.45
India 1,509 4.89 1.74 4.33 2.51 -1.32 4.73 0.37
Indonesia 333 4.97 1.52 2.96 1.03 -1.53 4.32 0.54
Iran 467 4.50 0.86 2.76 -2.07 1.19 3.70 0.37
Japan 1,293 0.61 0.20 1.12 0.24 0.47 7.50 0.41
Kazakhstan 193 -1.88 -0.46 1.85 252 0.75 2.36 0.32
Malaysia 188 7.49 2.07 3.80 -0.84 -0.78 4.36 0.36
Mexico 436 0.78 1.47 1.59 0.77 1.51 7.89 0.41
Pakistan 143 4.57 2.28 1.89 0.41 -0.81 4.76 0.56
Russia 1,564 -1.77 -0.25 0.08 1.46 0.13 2.69 0.43
Saudi Arabia 381 3.58 3.25 0.73 -1.45 1.85 3.95 0.38
South Africa 414 1.36 1.38 0.78 -0.05 0.85 3.27 0.31

© Peterson Institute for International Economics | www.piie.com



Ll

South Korea 475 4.22

Taiwan 273 4.82
Thailand 272 6.53
Turkey 269 3.80
Ukraine 319 -4.07
United States 5,748 1.04
Venezuela 171 2.12
25 emitters 26,207 1.82

0.72 4.63 0.10
0.73 4.52 043
0.99 3.60 -0.77
1.66 247 0.53
-0.64 -1.81 1.33
1.10 1.81 1.75
1.77 0.73 0.32
1.09 2.06 1.36

1.03
-0.01
-1.17
-0.21

0.29

0.12

0.06
-0.03

5.31
5.62
4.19
9.09
2.05
5.49
4.44
5.13

0.46
0.38
0.38
0.35
043
0.40
0.36
0.39

n = population; g = ppp GDP per capita; w = energy efficiency; ¢ = carbon efficiency

a. Fossil fuels and cement; excludes deforestation.

b. Thousands of 2005 purchasing power parity (ppp) GDP dollars per ton oil equivalent (toe) and toe per tCO,.

Source: See appendix A.
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Baseline through 2030

The Energy Information Administration (EIA 2009) provides business as
usual projections of emissions by major economy and region through 2030.
Appendix A discusses the use of these projections as the primary basis for the
bau baseline in the present study. Tables A.1 through A.4 report the corre-
sponding projections of population, real GDP per capita (2005 ppp dollars),
emissions per capita, and annual energy consumption.” Table 2.2 reports the
resulting bau baseline estimates used in the present study. In the aggregates,
Russia is included in the industrial-country subtotal.

In the bau baseline based on the EIA projections, global emissions rise
from 29.5 GtCQO, in 2007 to 41.4 GtCO, by 2030. The pace of emissions growth
decelerates only marginally, from about 1.7 percent per year from 1990 to 2007
to about 1.5 percent in the coming decade and 1.4 percent in the 2020s. China’s
share in global emissions, which has risen from 11 percent in 1990 to 22.4 per-
cent in 2007, rises further to 28.7 percent by 2030, or more than its share in
global population at that time (17.7 percent; table A.1). In contrast, the share of
the United States, the European Union, and Japan in global emissions, which
stood at 46.7 percent in 1990 and had fallen to 37.7 percent by 2007, declines
further to 28 percent by 2030—almost identical to the share of China alone.

Table A.4 in appendix A reports the EIA’s projections of energy consump-
tion through 2030 for regions and major economies. Given the projections
of purchasing power parity per capita GDP, population, energy consumption,
and emissions, it is possible to decompose emissions growth into the compo-
nents discussed above (population, n; ppp per capita GDP, g; subtraction of
energy efficiency growth, w; and subtraction of carbon efficiency growth, c).
Tables 2.3 and 2.4 report these bau baseline decompositions for 2010-20 and
2020-30, respectively.’

Over the next two decades, continued high economic growth in China
combines with the already high emissions base to drive the increase in the
share of world emissions to about 30 percent. Even so, the projections allow
for some deceleration in China’s per capita growth: from 8.8 percent annually
in 1990-2006 (table 2.1) to about 6 percent in the 2010s (table 2.3) and about
4 percent in the 2020s (table 2.4).

The components of emissions growth in tables 2.1, 2.3, and 2.4 do not
show radical changes from one decade to the next. For the 25 major emit-

2. Specifically estimated by EIA for the largest economies and based on regional trends for others;
see appendix A. Note that “European Union” in the table is for the 27 current members of the
European Union. The EU estimate is calculated as the base level for 2007 for these countries specif-
ically, and then for 2020 and 2030 it is based on the proportionate emissions growth for “OECD
Europe” in the EIA projections.

3. Data for major industrial countries are from the EIA estimates. For countries without detailed
estimates in the EIA source, the energy, economic growth, and emissions projections are based on
averages for the regions in which the countries are located.
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Table 2.2 Business as usual baseline emissions of carbon dioxide
(million metric tons)

Level Annual percent
growth

Country/economy 1990 2007 2020 2030 2007-20 2020-30
Argentina 113 172 207 225 1.42 0.84
Australia 293 377 401 433 0.49 0.76
Brazil 209 352 511 642 2.87 2.28
Canada 450 530 601 651 0.97 0.80
China 2,415 6,603 9,544 11,889 2.83 2.20
Egypt 76 192 210 239 0.71 1.29
European Union 4,200 4,050 4,070 4,133 0.04 0.15
India 691 1,574 2,083 2,471 2.15 1.71
Indonesia 150 416 475 633 1.01 2.88
Iran 227 476 621 730 2.05 1.62
Japan 1172 1,236 1,264 1,199 0.17 -0.52
Kazakhstan 261 195 225 236 112 0.46
Malaysia 57 248 267 357 0.58 2.88
Mexico 385 445 471 563 0.44 1.78
Pakistan 69 148 203 271 241 2.88
Russia 2,075 1,585 1,785 1,815 0.91 0.17
Saudi Arabia 215 423 508 597 1.41 1.62
South Africa 334 434 523 595 1.44 1.29
South Korea 242 477 569 627 1.36 0.97
Taiwan 126 263 388 518 3.01 2.88
Thailand 96 309 388 517 1.75 2.88
Turkey 147 290 271 275 -0.53 0.15
Ukraine 612 321 372 389 1.12 0.46
United States 4,865 5812 5,821 6,242 0.01 0.70
Venezuela 122 153 205 223 2.25 0.84
25 emitters 19,600 27,080 31,984 36,470 1.28 1.31
Rest of world industrial 301 522 515 541 -0.11 0.48
Rest of world developing 2,000 1,849 3,436 4,374 477 2.41
World 21,901 29,451 35,935 41,384 1.53 1.41
Industrial® 13,356 14,112 14,457 15,014 0.19 0.38
Developing 8,545 15,339 21,478 26,370 2.59 2.05

a.Includes Russia.

Source: See appendix A; author’s calculations.
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Table 2.3 Decomposition of emissions growth, 2010-20

(annual percent)

Country/economy n g w c Emissions
Argentina 0.93 2.36 2.72 0.35 0.23
Australia 1.07 233 2.00 0.61 0.78
Brazil 1.02 2.73 1.34 0.23 217
Canada 0.75 1.60 1.13 0.41 0.82
China 0.60 6.15 3.60 0.50 2.65
Egypt 1.79 2.15 230 0.33 1.32
European Union 0.04 2.00 1.37 0.41 0.26
India 1.23 4.86 2.70 0.72 2.66
Indonesia 0.96 3.63 1.71 0.47 242
Iran 1.00 1.97 1.46 0.11 1.40
Japan -0.42 1.46 0.38 0.24 0.42
Kazakhstan 0.33 3.85 3.05 0.28 0.85
Malaysia 1.62 3.63 237 0.47 242
Mexico 1.03 2.83 1.56 0.01 2.28
Pakistan 1.42 3.63 217 0.47 242
Russia -0.53 417 2.53 0.36 0.76
Saudi Arabia 1.39 1.97 1.86 0.11 1.40
South Africa -0.12 2.15 0.39 0.33 1.32
South Korea 0.15 3.61 2.89 0.56 0.31
Taiwan 0.11 3.63 0.86 0.47 242
Thailand 0.48 3.63 1.23 0.47 242
Turkey 1.09 2.00 242 0.41 0.26
Ukraine -0.65 3.85 2.07 0.28 0.85
United States 0.96 1.78 2.20 0.23 0.31
Venezuela 1.39 2.36 3.17 0.35 0.23
25 emitters 0.77 2.87 1.96 0.29 1.39
Rest of world industrial 1.05 141 1.72 0.33 0.40
Rest of world developing 1.77 3.00 2.46 -0.40 2.70
World 1.05 2.76 2.08 0.24 1.49
Industrial 0.26 2.10 1.64 0.32 0.40
Developing 1.20 3.88 2.52 0.26 2.30

n = population; g = ppp GDP per capita; w = energy efficiency; ¢ = carbon efficiency

Source: Author’s calculations.
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Table 2.4 Decomposition of emissions growth, 2020-30
(annual percent)

Country/economy n g w 4 Emissions
Argentina 0.73 2.19 2.02 0.07 0.84
Australia 0.85 2.28 2.26 0.11 0.76
Brazil 0.76 2.84 1.43 -0.12 2.28
Canada 0.58 1.70 1.24 0.24 0.80
China 0.21 4.25 2.18 0.09 2.20
Egypt 1.43 1.29 1.40 0.04 1.29
European Union -0.11 1.93 1.39 0.28 0.15
India 0.97 341 2.51 0.16 1.71
Indonesia 0.76 3.27 1.38 -0.23 2.88
Iran 0.59 2.01 1.01 -0.04 1.62
Japan -0.69 0.86 0.35 0.35 -0.52
Kazakhstan 0.00 2.90 2.38 0.06 0.46
Malaysia 1.39 3.27 2.00 -0.23 2.88
Mexico 0.81 2.80 1.85 -0.02 1.78
Pakistan 1.25 3.27 1.87 -0.23 2.88
Russia -0.64 3.01 1.92 0.29 0.17
Saudi Arabia 1.28 2.01 1.71 -0.04 1.62
South Africa 0.07 1.29 0.04 0.04 1.29
South Korea -0.07 2.83 1.80 -0.02 0.97
Taiwan -0.13 3.27 0.49 -0.23 2.88
Thailand 0.25 3.27 0.86 -0.23 2.88
Turkey 0.77 1.93 2.27 0.28 0.15
Ukraine -0.75 2.90 1.63 0.06 0.46
United States 0.90 1.70 1.85 0.05 0.70
Venezuela 1.1 2.19 241 0.07 0.84
25 emitters 0.54 248 1.68 0.03 1.31
Rest of world industrial 0.67 1.55 1.59 0.14 0.48
Rest of world developing 1.56 3.00 2.76 -0.62 2.41
World 0.84 2.46 1.92 -0.03 1.41
Industrial 0.15 1.93 1.52 0.18 0.38
Developing 0.97 3.19 2.19 -0.08 2.05

n = population; g = ppp GDP per capita; w = energy efficiency; ¢ = carbon efficiency

Source: Author’s calculations.
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ting countries, population growth decelerates from 1.1 percent annually in
1990-2006 to 0.77 percent in 2010-20 and 0.54 percent in 2020-30. Per capita
growth accelerates, from 2.1 to 2.9 percent followed by 2.5 percent. Although
the individual-country rates of growth per capita tend to remain stable or ease,
the rising shares of China, India, and other rapidly growing emerging-market
economies in global output boosts the overall per capita growth rate of the
25 major emitting countries. Annual growth in output efficiency of energy
also rises, from 1.4 to 2.0 percent followed by 1.7 percent. Carbon efficiency
(energy per unit of carbon) rises modestly and then ebbs again (from -0.03 to
0.29 percent, followed by 0.03 percent). In other words, the outlook is business
as usual in two senses of the phrase: no special change from climate action and
relative continuity (inertia) in the various factors contributing to emissions
growth. Virtually the entire reduction in emissions growth from the recent
historical period to the decade of the 2020s is accounted for by a half-percent
deceleration in annual population growth. Although there is some acceleration
in energy efficiency growth, it is offset by a rise in per capita GDP growth.

Extending the Baseline through 2050

Climate policy deliberations have focused on the period through 2050. Before
examining abatement costs, it is therefore necessary to extend the bau baseline
through 2050. Population projections by the US Census Bureau (2009) provide
a basis for estimating the rate of growth of population (n) for 2030-40 and
2040-50. For economic growth per capita, energy efficiency growth, and carbon
efficiency growth, the strong inertia just discussed suggests that a reasonable
first approximation is continuation at the rates expected for the 2030s. Table
2.5 reports the resulting emissions growth components for 2030-40 and 2040-
50, along with the resulting absolute levels of bau baseline emissions by 2040
and 2050. The emissions growth rates are simply the population growth rates
for the decade in question plus continuation of the other growth rate compo-
nents (+g, -w, —c) experienced in 2020-30 as shown in table 2.4.

The global level of CO, emissions by 2050 resulting from these assump-
tions turns out to be broadly compatible with the more plausible among the
emissions paths considered in the 2007 IPCC report. Thus, in the second
highest path in that assessment, “A2,” global emissions were projected to reach
16.5 billion tons of carbon (GtC) by 2050, or 60.6 GtCO, (IPCC 2007a, 803),
broadly similar to the estimate of 53.2 GtCO, in table 2.5.

Some recent studies have suggested that faster-than-expected emissions
growth in the period 2000-06 means that the A2 path considerably under-
states likely future emissions, even though it had previously been regarded as
being toward the higher end of reasonable scenarios (see, e.g., Sheehan 2008)."

4. Actual CO, emissions growth from 2000 to 2006 averaged 3.1 percent (van Vuuren and Riahi
2008, 241). In comparison, the highest of six scenarios considered by the IPCC (A1B) called for
3.4 percent annual growth from 2000 to 2010; the median scenario rate was 2.0 percent. Scenario
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Table 2.5 Business as usual baseline, 2030-50

Population Emissions
Annual growth Annual growth Levels
(percent) (percent) (million tCO,)

Country/economy 2030-40 2040-50 2030-40 2040-50 2040 2050
Argentina 0.55 0.37 0.66 0.48 241 252
Australia 0.61 0.46 0.53 0.38 457 474
Brazil 0.53 0.29 2.05 1.81 789 945
Canada 0.38 0.26 0.60 0.48 691 725
China -0.05 -0.21 193 1.77 14,426 17,220
Egypt 1.20 0.96 1.06 0.82 266 288
European Union -0.24 -0.37 0.02 -0.10 4,143 4,101
India 0.73 0.53 1.47 1.27 2,863 3,249
Indonesia 0.54 0.27 2.66 2.39 826 1,049
Iran 0.27 0.11 1.30 1.14 832 932
Japan -0.89 -1.03 -0.72 -0.86 1,116 1,023
Kazakhstan -0.19 -0.37 0.27 0.09 242 245
Malaysia 1.1 0.91 2.60 240 463 588
Mexico 0.56 0.34 1.54 1.31 657 749
Pakistan 1.01 0.76 2.64 2.39 353 448
Russia -0.63 -0.65 0.18 0.15 1,847 1,876
Saudi Arabia 1.42 1.24 1.76 1.58 711 833
South Africa 0.04 0.07 1.26 1.29 675 767
South Korea -0.44 -0.79 0.61 0.26 666 684
Taiwan -0.49 -0.82 2.52 2.19 666 829
Thailand -0.00 -0.22 2.63 241 673 856
Turkey 0.51 0.24 -0.12 -0.38 272 261
Ukraine -0.78 -0.84 0.43 0.37 406 422
United States 0.83 0.79 0.62 0.59 6,644 7,046
Venezuela 0.82 0.59 0.54 0.32 235 242
25 emitters 0.35 0.20 1.21 1.14 41,159 46,107
Rest of world industrial 0.32 0.04 0.13 -0.15 548 540
Rest of world developing 1.35 1.17 2.14 1.90 5416 6,549
World 0.67 0.53 1.30 1.21 47,123 53,196

Industrial 0.07 0.01 0.28 0.22 15,446 15,785

Developing 0.77 0.61 1.83 1.66 31,677 37,410

Source: Author’s calculations.
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However, global economic growth was unusually rapid in this period, averaging
5 percent annually in 2004-07 versus 3.4 percent in 2000-03 and 3 percent
in 1990-99 (ppp GDP; IMF 2010). In contrast, the global financial crisis cut
world economic growth to an average of only 1.1 percent per year in 2008-09.
Correspondingly, there was an estimated 1.3 percent decline in global emis-
sions from 2008 to 2009 (Myhre, Alterskjaer, and Lowe 2010). Even before the
global recession some analysts judged that the recent emissions trends over-
stated prospective long-term growth and that there was no reason yet to depart
from the range of emissions scenarios previously considered by the IPCC (van
Vuuren and Riahi 2008). Nonetheless, to the extent that the bau baseline used
here is understated, the estimates of emissions reductions and abatement costs
will also tend to be understated.

The carbon dioxide emissions baseline includes only emissions from fossil
fuels and industrial processes. Although emissions from deforestation and
land use are also currently important, at about 4 GtCO, per year, the IPCC
emissions scenarios typically anticipate that they will decline substantially,
falling to a median of 1.1 GtCO, by 2030 and 0.6 GtCO, by 2050 (IPCC 2001,
801).° These levels are sufficiently low to omit from the analysis, especially
considering that although their inclusion would tend to boost the baseline
(modestly), it would also tend to reduce unit abatement costs (because of
low-cost opportunities in afforestation and reduced deforestation). Finally,
non-CO, greenhouse gases and aerosols are also omitted from the main anal-
ysis. Appendix C considers their additional influence and estimates that a
target of 450 ppm for CO,-equivalent including other greenhouse gases and
aerosols would translate to a more ambitious target of 414 ppm for carbon
dioxide itself.

A2 was at the median through 2010 but second highest by 2050, with average annual growth for
2000-50 amounting to 1.7 percent (versus 2.4 percent in the highest path, A1T). Calculated from
IPCC (2001, 801).

S. However, in scenario A2 deforestation and land use still account for about 4 GtCO, by 2030 and
about 3 GtCO, by 2050.
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