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main starting point for negotiations on the EU position in Kyoto. It helped to convince
various Member States to accept targets that were more stringent than the ones they
had been willing to accept earlier. Figure 1 gives an overview of the targets that were
offered originally by the Member States, targets established with the Triptych
calculations, the Dutch proposal and the outcome of the EU Ministerial Environment
Council in March 1997. The Member States were not totally successful in distributing
the efforts required for the EU negotiating position (-15%) in Kyoto. The sum of their
allowances resulted in an EU wide reduction of only 9%.
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Figure 1. Differentiation of commitments among EU Member States. Original offers
by the Member States, outcome of Triptych calculations (variant IIa), the
proposal of the Dutch presidency and outcome of the EU ministerial
Environment Council in March 1997 (Blok et al., 1997, European
Commission, 1997).
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Figure 2. Differentiation of commitments among EU Member States. Outcomes of
the EU ministerial Environment Council in 1997, before the Kyoto
negotiations, and in 1998, to distribute the EU�s �8% Kyoto target
(European Commission, 1997, European Commission, 1998).
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Some countries in 1990 lacked natural gas-based generating capacity and for others

satisfactory data were not available. For these countries we assume that in 2015 the

average efficiency equals 50% efficiency for gas based capacity.

Appendix B shows the 1990 generating efficiencies for solids, liquids and gas.

2.4 The domestic sectors

The domestic sectors comprise various sectors: apart from the residential sector

(households), also the commercial sector, transportation, light industry and agriculture

are included in this category. Emissions in these sectors are assumed to be correlated

with population size, as they are determined by the number of people that live in

dwellings, have a workplace, transport themselves, etc. Our criteria and assumptions

comprise:

• Population grows as forecasted by the United Nations (UNDP, 1999)9.

• 1990 per capita emission levels for the various countries converge to equal per

capita allowances for all in 2030 (Figure 2). In this way it takes into account

differences in the standard of living that we assume to be reduced in the future.

4.9

2.5

3.4

1990 20302010

-15%

CO 2 emissions domestic sectors
[tonne / capita]

EU

world

non Annex I

6.3

Annex I

1.2

US (11 t/c)

Figure 2. Assumed convergence of CO2 emissions in the domestic sectors for Annex
I, non Annex I, European Union and the world.

• The convergence level was set at 3.44 tonnes CO2 per capita (0.94 t C/capita).

This figure was derived from Phylipsen et al. They considered a 15% reduction of

the 1990 average per capita emission by the year 2010 within the European Union

reasonable arguing that this level can be achieved with efficiency measures only,

while the current development in standard of living within the European Union

can be maintained10. According to their data this 15% reduction in the domestic

                                                
9 Except Chinese Taipei, which is not recognised by the UN. Here the current population figure was taken from

the Taiwanes Hakka Association of USA (Taiwanese Hakka Association of USA, 1999). We assume growth
equal to China�s population growth rate.

10 This figure was based on work of the European Union Expert Group on Climate (Phylipsen et al., 1997).
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sectors corresponds to 2.96 t CO2/capita in 2030. However domestic emissions

derived from IEA statistics are higher than the domestic emissions used by

Phylipsen et al. Therefore we adjusted the convergence level upward to 3.44 t

CO2/capita 11,12.  Current per capita CO2 emissions for major world regions are

mentioned in Table 4.

Table 4. 1990 CO2 emissions (t/c) per capita in the domestic sectors (IEA, 1997a).

Annex I 6.3
USA and Canada 11
European Union1 4.9
Economies in transition to a market economy2 5.6
non Annex I3 1.2
1 excluding Luxembourg
2 Bulgaria, Czech Republic, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Poland, Romania, Russia,

Slovakia, Ukraine
3 non-Annex I included in this study only

3 A global differentiation of commitments
In this section we will discuss partial allowances and overall national allowances that

result from the Triptych calculations. Table 5 gives partial allowances in the power-

producing sector and an overview of fuel mixes for power generation in 1990 and

2015 that may help to understand these partial allowances. Fuel mixes were based on

the electricity output (GWh) generated by the various sources. Table 6 presents the

partial allowances of all three sectors, as well as overall national reduction targets.

Note that the results indicate in a normative way how future reduction obligations

might be distributed. They do not represent a scenario that can be extended to the

remote future.

3.1 The energy-intensive industry

Emission reduction figures in heavy industry (Table 6) are determined by growth rates

for the individual subsectors and the relative size of the subsectors. Growth rates turn

out to be decisive for the partial allowances in this sector. All developing countries

have high partial allowances here: 50% or more above the preset level. Countries in

the former Soviet Union (FSU) and Eastern Europe (EE) on the contrary will have to

reduce their emissions in heavy industry by 10% or more according to our Triptych

criteria. In general, absolute reductions in the energy-intensive industry are not as

large as in the other sectors. For a limited number of countries, however, absolute

                                                
11 We base the correction factor on a comparison of the IEA data on per capita emissions in the domestic sectors

within the European Union with the Capros data (Capros et al., 1995)  used by Phylipsen et al. (1998a).
12 The most important difference with the criteria from Phylipsen et al. (1998a) is the omission of a climate

correction in the present study. The reason for this is that for most countries we have no data on degree-days
available as yet. For fourteen countries in the European Union we will check the influence of climate though
(see discussion).
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Figure 2. Two convergence trajectories for the aggregated Energy Efficiency Index,
1) towards EEI = 0.67 in 2050 and 2) towards EEI = 0.9 in 2030.
Trajectories are depicted for the Former Soviet Union and the European
Union as examples of regions with at present a high and a low EEI level
respectively. Dots indicate alternative convergence levels.

Table 6. Two illustrative sets of differentiated rates for reduction of aggregated
EEI in the energy-intensive industry based on a global convergence of the
aggregated Energy Efficiency Index (EEIaggr). Regions with a low data
coverage (<30%) are indicated with an asterisk.

1990 EEIaagr Convergence in 2030
at EEIaggr = 0.9

Convergence in 2050
at EEIaggr = 0.67

Western Europe 1.2 0.8% 1.0%
Japan 1.3 0.9% 1.1%
Canada* 1.3 0.9% 1.1%
Latin America 1.5 1.3% 1.3%
South East Asia 1.6 1.4% 1.4%
Middle East 1.6 1.4% 1.4%
Africa* 1.6 1.5% 1.5%
South Asia 1.7 1.5% 1.5%
Oceania* 1.7 1.6% 1.5%
Eastern Europe* 1.7 1.6% 1.6%
United States 1.8 1.7% 1.7%
East Asia 1.9 1.8% 1.7%
Former Soviet Union* 2.0 2.0% 1.8%
World 1.5 1.3% 1.4%
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For both convergence trajectories this effect has been calculated as:

b
SA

SASA
a

uniform

uniformdiff *
−

=

in which

a = effect on the absolute total emission allowance (in %);

SAuniform = sectoral allowance in case a uniform improvement rate of the EEI is

applied (column 2 of Table 7);

SAdiff = sectoral allowance in case differentiated improvement rates of the EEI

are applied (columns 3 and 4);

b = share of the energy-intensive industry in total CO2 emissions (in %;

column 1).

In general this effect on absolute total emission allowances is up to 3 or 4% for both

convergence trajectories. Accounting for international differences in energy efficiency

would increase emission allowances in Western Europe and Japan and decrease them

in the developing regions, in particular East Asia.

Table 7. Sectoral allowances for the energy-intensive industry in the year 2020
relative to 1990 emissions without (1) and with (2 and 3) taking into
account differences in energy efficiency in a convergence of Energy
Efficiency Indices (EEI) to the same level, and the effect of including such
a convergence on absolute total emission allowances. Regions with a low
data coverage (<30%) are indicated with an asterisk.

Sectoral allowance1

( 1995 emissions = 100)
Effect on absolute

total emission allowanceShare energy-
intensive

industry in
1995

emissions

1. Uniform
efficiency

improvement

2. Convergence
towards
EEI=0.9
in 2030

3. Convergence
towards

EEI=0.67
in 2050

2. Convergence
towards
EEI=0.9
in 2030

3. Convergence
towards

EEI=0.67
in 2050

Western Europe 21% 84 98 92 3% 2%
Japan 26% 89 100 95 3% 2%
Canada* 21% 119 132 126 2% 1%
Latin America 25% 141 144 142 1% 0%
South East Asia 22% 210 209 207 0% 0%
Middle East 18% 189 188 187 0% 0%
Africa* 22% 261 254 254 -1% -1%
South Asia 22% 393 375 378 -1% -1%
Oceania* 18% 105 100 101 -1% -1%
Eastern Europe* 22% 98 91 93 -1% -1%
United States 17% 98 92 93 -1% -1%
East Asia 38% 186 167 171 -4% -3%
FSU* 12% 40 34 35 -2% -1%
1 Rounded off at nearest multiple of 5%.
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We performed a sensitivity analysis to investigate the consequences for total emission

allowances if the feasible 2050 level for the energy efficiency would be somewhat

different. We tested alternative convergence levels for the EEI of 0.5 and 0.75. Results

have been listed in Table 8. The effect of choosing an alternative convergence level is

up to 3 or 4%. This is comparable to the effect that arises from taking into account

differences in energy efficiency in the first place. We can conclude that both the

incorporation of differences in energy efficiency as such and the exact convergence

level should be subject to careful consideration (and negotiation).

Table 8. Effect on total emission allowances if convergence of aggregated EEIs by
the year 2050 is taken into account for three different convergence levels
for the aggregated EEI. Regions are presented in order of increasing
aggregated EEIs (see Table 3). Regions with a low data coverage (<30%)
are indicated with an asterisk.

EEI = 0.5 EEI = 0.67 EEI = 0.75

Western Europe -1% 2% 3%
Japan -1% 2% 3%
Canada* -1% 1% 2%
Latin America -3% 0% 1%
South East Asia -3% 0% 1%
Middle East -2% 0% 1%
Africa* -3% -1% 0%
South Asia -3% -1% 0%
Oceania* -3% -1% 0%
Eastern Europe* -4% -1% 0%
United States -3% -1% 0%
East Asia -7% -3% -1%
Former Soviet Union* -3% -1% -1%

Error propagation

We made an estimation of the consequences of possible errors in the data for the final

outcome of our calculations on sectoral allowances. To this end we tested the effect of

a possible error of 10% in the Specific Energy Consumption in all countries and all

subsectors in Table 3. Considering the findings of Farla and Blok (2001, see next

section) it seems that uncertainties in the data can be restricted to ±10%. As reference

SECs remain the same, this will also alter the Energy Efficiency Indices in all

countries and subsectors by 10%, as well as the aggregated EEIs for the world regions.

The effect on the total emission allowance, as listed in right most column of Table 7,

is mostly ±1%.
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Table 2. Aggregated Energy Efficiency Indices at the regional level (based on
chapter 5). Regions with a low data coverage (<30%) are indicated with
an asterisk.

Region Aggregated EEI Region Aggregated EEI Region Aggregated EEI

Western Europe 1.2 Middle East 1.6 Eastern Europe* 1.7
Japan 1.3 Africa* 1.6 United States 1.8
Canada* 1.3 South Asia 1.7 East Asia 1.9
Latin America 1.5 Oceania* 1.7 Former Soviet Union* 2.0
South East Asia 1.6
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Figure 3. Illustrative example of technological convergence. Aggregated Energy
Efficiency Indices (EEI) in the energy-intensive industry for all world
regions converge to the same level (e.g. 0.67) in 2050. In this example,
only East Asia, South Asia and Western Europe have been depicted. An
EEI of 1 represents current reference levels for the energy-efficiency, e.g.
based on best practice technologies. The thermodynamically minimal EEI,
which is the theoretical bottom line, has been estimated as one third of the
current reference level (see chapter 5).

In our calculations we assumed that the developing regions do not participate in the
convergence of energy efficiencies before 2010. Until then we presupposed an
autonomous efficiency improvement of 1% per year.
The introduction of a convergence trajectory for these Energy Efficiency Indices
raises the question of the level at which these should converge. This question has been
addressed in chapter 5. Thermodynamic minimal energy requirements were estimated
to be on average one third of current reference levels. De Beer (1998) found that
future energy efficiency levels in the energy-intensive industry can be halfway the
current reference level (EEI = 1) and thermodynamic minimal energy requirements
(EEI = 0.33). This comes down to an EEI of 0.67. Assuming that roughly 15 years
will be necessary for the development of the required new technologies, as suggested
by Steger et al. (2002) and 30 years for the subsequent implementation, such a level
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