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CARBON TAXES AND CO, EMISSIONS TARGETS:
RESULTS FROM THE IEA MODEL

This paper forms part of an OECD project which addresses the issue of
the costs of reducing CO, emissions by comparing the results from 'six global
models of a set of standardised reduction scenarios. The IEA model is an
econometric energy model with a projection horizon to 2005. One of the major
conclusions to emerge from the results presented in this paper is that even
seemingly moderate CO, emissions reduction targets would require very high
carbon taxes. The reasons for this are, firstly, that the carbon taxes need to
be very high to have any material impact on final prices, especially those of
transportation fuels and electricity, and, secondly, that most of the decline
in emissions would have to come from a reduction in energy demand because the
scope for substitution is very limited over a period of 10-15 years. The model
also suggests that the required carbon taxes for any target are likely to be
much lower in North America than in the Other OECD region, because North
America has much lower primary fuel prices, lower taxation of energy products
and a higher starting carbon intensity.

* & * & *

Ce document fait partie d’'un projet de 1’OCDE qui s’interroge sur les
cofits de réduction des émissions de CO; en comparant les résultats de six
modéles globaux formés d’un ensemble de scénarios standardisés ‘de réduction. Le
modéle de 1'AIE est un modéle économétrique d’énergie avec une projection 2
1’horizon de 1l'an 2005. Une des principales conclusions qui émerge des
résultats présentés dans ce document est que méme des objectifs de réduction
d’émissions de CO; apparemment modérés supposeraient des taxes sur le carbone
trés élevées. Ceci tient premiérement au fait que les taxes sur le carbone
doivent étre trés élevées pour avoir un impact matériel quelconque sur les prix
finaux, en particulier sur ceux des carburants utilisés dans les transports et
sur ceux de 1’électricité, et deuxiémement au fait que la majeure partie de 1la
baisse des émissions devrait provenir d’une réduction de la demande d’énergie,
les possibilités de substitution étant trés limitées pour les 10 & 15 années 2
venir. Le modéle suggére aussi que les taxes requises sur le carbone, quelque
soit 1l’objectif retenu, seront vraisemblablement beaucoup plus faibles en
Amérique du Nord que dans les autres régions de 1’OCDE parce que 1’'Amérique du
Nord a des prix de combustibles primaires beaucoup plus bas, une taxation des
produits énergétiques beaucoup plus faible et une intensité initiale en carbone
plus élevée.

Copyright OECD 1992
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L Introduction

This paper presents the IEA model results for a variety of CO2 emissions target
scenarios requested for the OECD Comparisons Project. After a brief description of
the model and its key features in the first section of the paper, the reference case
projections are discussed in Section II. Section III describes the way in which carbon
taxes are implemented in the model and the mechanisms which determine their
effectiveness in reducing CO2 emissions. The simulation results are then presented and
analysed.

It is hoped that the discussion that follows will be useful, in the context of the
Comparisons Project, in complementing the results of the very long-term models on the
economic cost of reaching an emissions target. Indeed, the time-span of the results
presented here is equivalent to a single time period of some of these models. The IEA
model suggests that the level of carbon tax required to reach any given emissions target
in the medium term is much higher than that suggested by many of the long-term
models that include estimates of the tax in the medium term. The most important
reason for this difference is likely to be the concentration of the IEA model on the
existing rigidities in the energy system and the exogeneity of the non-energy part of the
economy within the model. The major conclusion drawn in this paper is that a severe
emissions target, if introduced rapidly, would require very high taxes over the next ten
years. There is, of course, no contradiction in the required taxes being lower in the
long run than in the medium term and, according to the results presented here, any
emissions target would need to be introduced gradually, taking into account existing
rigidities and the very slow turmover of a large proportion of the energy using capital
stock.

II. A brief description of the IEA model
A. Key features of the model

The IEA Medium Term Energy Model has been developed over the past five
years as an analytical tool for examining trends in energy markets and for carrying out
sensitivity analysis of the energy system. Its key features are:

- It is an energy model, and it treats the macroeconomy exogenously;

- Its frequency is annual, currently running to 2005;



- Most of its parameters are econometrically estimated, usually over the
1965 to 1989 period;

- Adjustment factors complement econometric forecasts in obtaining
reference case projections;

- Its treatment of energy markets is especially detailed for the OECD
regions, primarily because of the availability of high quality data.

These features of the model determine, to a large extent, the limitations of the
results presented below regarding the time horizon, regional aggregation and absence
of economic cost estimates. The econometric nature of the model precludes analysis
beyond the medium term without fundamental changes to the design of the model
While, technically, it would be easy to extend the projection horizon to any period, the
confidence attached to such projections would be very limited, given the period of
estimation. The lack of fully endogenous technology and industrial structure would also
become an increasingly important weakness. Indeed, the strength of the model’s design
lies precisely in that it attempts to capture the short and medium-term rigidities of
energy markets that originate from the very gradual changes in the energy using capital
stock and the slow introduction of technology.

This paper’s concentration on results for the OECD is due to the fact that the
model is much more detailed in its coverage of the three OECD regions. The rest of
the world is also modelled in some depth but resource and, especially, data limitations
do not allow the same degree of detail as for the OECD. The data for non-OECD
regions is especially weak on end-use prices and their link to primary fuel prices, an
issue of special significance for the determination of carbon taxes.

B. Basic structure’

Graph 1 presents the basic structure of the model for each of the regions it
covers and Graph 2 presents the product, sectoral and regional disaggregation of final
energy demand within the model. As can be seen from Graph 1, for each of the
OECD regions the model effectively consists of four interdependent sub-models and one
relatively self-contained sub-model. The latter, the activity sub-model, effectively
converts exogenous assumptions on GDP and population into the relevant activity
variables for the sectors whose energy demand is endogenous within the model.
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Graph 22 MODEL DISAGGREGATION
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Personal expenditure, industrial production by the iron and steel sector, and cars per
head are examples of the output of this sub-model. For the purposes of the exercise
reported in this paper, this semi-exogenous determination of the industrial structure and
of the components of GDP precludes any estimate of the economic cost of carbon taxes
as well as the feedback from carbon taxes to the economic structure. In principle, a
feedback effect from energy prices is possible and one has, in the past, been
implemented between oil prices and GDP. However, the full endogenisation of
macroeconomic variables is beyond the present design and objectives of the IEA model.

The other sub-models are strictly energy related. Demand is organised by end-
use product, and the final demand sub-model solves for final energy demand on the
basis of sector activity, the end-user price and assumptions.about other sector specific
variables, like saturation, technology etc. As can be seen from Graph 2, the model
distinguishes three final demand sectors, namely industry, the "other" sector (a
combination of residential and commercial demand), and the transportation sector;
seven oil products, namely gasoline, diesel, gasoil, kerosine, heavy fuel oil, other
products, and bunkers; two sectors for gas and electricity; and, in the case of coal,
the industrial use of coke is treated separately from the other two sectors. The demand
for final electricity is then converted into primary fuel demand within the transformation
or power generation sub-model, given the structure of the electricity industry in each
region, conversion efficiencies, and assumptions about non-fossil fuels. The power
generation sub-model output, together with a suitable aggregation of the output of the
final energy demand sub-models, result in a set of primary fuel demands.

The supply sub-model feeds off the output of the price sub-model and
assumptions on reserves, discovery rates and other relevant variables, to produce a set
of primary fuel supplies. These are then compared with the previously derived demands
and, after allowing for trade, any surplus or shortfall feeds into the price sub-model.
This takes the exogenous assumptions on crude oil price and inflation and solves for
end-use and primary fuel prices by taking into account costs, any excess demand, and
the competitive position of each product. One of the most important aspects of energy
markets and a major reason for the high level of carbon taxes in the following sections
is the relatively small part that the prices of primary fuels often play in the
determination of final prices. Extreme cases of this phenomenon are gasoline and
electricity prices which, among other things, are subject to high consumption taxes or
strong regulation.

Graph 2 also presents the regional aggregation of the model. Apart from the
three OECD regions, there are six additional regions modelled in less detail. The
former Centrally Planned Economies (CPEs) are divided into the ex-USSR and Eastemn
Europe regions while the Less Developed Countries (LDCs) are divided into three



