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ABSTRAa

Despite scientific uncertainties, there is a general agreement between governments of industrialized countries Io ensure
environmentally sound economic development, even if associated risks are in the very long terrm.

Many measures could be thought of to curb carbon dioxide emissions. Among them, selling a carbon lax is often
mentioned.

Yet, some voices are claiming that such a lax, if decided, should be extended to all energy sources.

Dealing with the EEC project, that recommands to mix those two taxes, the French industry minister, Dominique

STRAUSS-KAHN, declared on October 2 0 th 1991 : "We are trying to control the emissions of carbon dioxide by taxing all energy

sources. This is like trying to combat alcoholism by also taxing orange juice".

Beyond politician argumentation, the question of economic efficiency of each tax could be examined. That is, which is
the best way, energy or carbon lax, to reach a CO2 emission reduction target at least cost.

Focusing on French economy through the Mélodie model, we try Io give some assessments about this question.

By the year 2 0 0 0 , efficiencies of the two taxes are close, although energy lax is a bit more expensive. On the other
hand carbon tax is unambiguously more efficient in the long run, let us say by 2 0 1 0 .

The decision Io stabilize carbon dioxide emission by 2 0 0 0 at the 1990 level was adopted by the EEC

Energy/Environment Committee on November the 2 0 th, 1990 . As a result, 2 0 0 0 become, almost thoughtlessly, a preference target

date. Will the "no-regret" policy become the "short-sighted" one ?.



INTRODUCTION

Before the June's "earth summit" in Brazil, M . Rrpa d i Meana's dilemma is that he is keen to
win approval for a measure that will show that the EC is serious about safeguarding the environment. But he
also knows that the EC's carbon tax would make little difference (EC accounts for only 13 per cent of world
carbon dioxide emissions). It will only have meaning if the EC's example prompts other countries to follow
suit.

But there are plenty of good excuses for delaying actions. The scientific uncertainty about the
exact consequences of the Greenhouse Effect is certainly a major element ; the economic effort it will imply,
is another one. It is of the essence, in these conditions, to explore all possible means to make the effort as
benign as possible. Cost reduction will not by itself handle the CO2 problem. It may make it easier to

accomodate.

A relevant assessment of an energy and enviromental policy has to be carried out at the
macroeconomic level for four major reasons. First, the economic transfer among national actors, and even
across boundaries, can occur through the price structure. Second, microeconomic efficiency differs from
macroeconomic efficiency ; energy consumption could be highly modified by economic changes, so that price
effects or income mechanisms could strengthen the ecological efficiency of technical processes. Third, a
national energy policy must be assessed on a global basis. Macroeconomic impacts, including economic
activity, employment, inflation, international trade, etc.... should be evaluated in a sound and reliable way.
Fourth, environmental issues are of a world wide nature, and international actions such as worldwide
ecological standards or aid packages may be needed to cope with them.

Currently, the suitability of ecological schemes cannot be assessed dearly because the
environnemental benefits can hardly be valuated. Implementation for environmental reforms will not be a
trivial matter. Minimization of the cost and maximization of efficiency will be fundamental prerequisites,
especially for tax reforms. That's why the energy versus carbon tax question is so important.

Macroeconomic models are very attractive to deal with this problem. Experts of the European
Communities are already following this line as Hermes econometric models were used for environmental
purposes in 1991 . So do the French Atomic Energy Commission (CEA).

Before getting to the heart of the matter, let us come back to the tool. In MELODY-FRANCE
economic modelling has been adapted to energy planning purposes, from technical process description to
the extension of the running period, as a prerequisite to obtain a relevant assessment of energy policies.

I - THE MELODY MODEL : MAIN FEATURES

MELODY is a long term model, because energy problems need long-term assessments. It gives
a complete description of the French economy but the methodology used can be adapted to any other
country (the models built for Algeria, Morocco,Jordan and Tunisia, with UNDP and World Bank supports,
are examples of such an adaptation). Building a model adapted to energy/economy interaction
measurements needs complete description, first, of the major role prices play in the economy and, second,
of the structure of energy production and consumption...

The model includes three producing sectors (electricity, fossil fuels and non-energy products),
but for energy studies purposes, especially in the electricity field, the fossil fuel sector has been highly
disaggregated. Hence, inputs of solid fuels, crude oil, petroleum products and the whole nuclear cycle
(uranium extraction, enrichment, fuel fabrication and reprocessing) are described separately.



Let us restrict the description to the electricity sector. Electricity production is described form o
technical point of view. The generating capacity management is performed by pooling the different power
plants under the load duration curve, itself fitted on the basis of the sectoriel demand of electricity.
Moreover, the quantities of inputs needed to produce electricity (labour, materials, fuels) are computed by
the model which also builds the whole account of the French utility (Electricité de France, EDF], including
funding and debt services. This result allows evaluation of the adequate average selling price of electricity.

The prices' mechanism description includes econometric equations for computing the final user
prices, the investment price and the labour price. Final demand is described through econometric equations
of household behaviour and investment. The more important technical characteristics of the model are
detailed in table 1 .

The model includes two main parts, a price loop and an income loop. In the price loop, tax
rates and foreign prices are exogenous. For a given level of input prices, capital, labour and intermediate
consumption prices, the output price level results from the producer behavior (described through a franslog
cost function). This price in turn plays a role in the evolution of the prices of the factors and again in the
output price growth. Then, the inflation rate in the economy is directly linked to the evolution of the
purchasing power of wages. This loop shows the significant !mpact that an energy price can have on
economy. It modifies the production costs and consequently the production structure. The final uses of each
product are also affected through the output price change.

The income loop correspond to the Keynesian multiplier. An Increased fiscal pressure results in
a decreased household income. It partly resv\>s in a decrease in household consumption and thus in
requirement for goods, that is decreased production. Less investments and labour are then necessary to meet
those requirements. The drop in employment results in an additionnai fall in household income. Since this
process is iterative, goods supply decreases again, leading to a new final demand, and so on. The
keynesian loop plays an important role in the present analysis because new taxes lead to important shifts in
fiscal transfers.

The price loop and the income loop are, of course, running together in the model. The primary
link between these loops is made by the equations determining household consumption where income, but
also prices, are dependent variables. In addition, it should be noted that long-term evolution of the
endogenous variables mainly depends on the structure of prices. The income loop mainly determines short
and medium term evolutions. This is a characteristic of long-term models, for instance General Equilibrium
Models, where prices are leading variables.

The model also computes polluting emissions such as nitrous oxides, sulphur dioxide and
carbon dioxide. These emissions depend on the type of fuel used and sometimes on the technology adopted,
especially as regards electricity generation. The model gives a complete picture of man made air pollution in
the country. Such an evaluation is of utmost importance in the assessment of the environmental impacts of
energy policies.



Table 1 : The melody model, technical characteristics

Specificities

Modelling background

Field of analysis

Periodicity

Running period

Utilization mode

Sectorial dissaggregation

Economic sectors

Number of equations

Main endogenous var.

Main exogenous war.

Long-term energy model taking info account all the links between
the energy sector and the whole economy.

Econometric and technical approaches.

French economy.

Annual model.

1970-2010.

Dynamic.

Three productive sectors, including a fossil fuel sector and an

electricity sector with high disaggregation of the latter.
Four : producers, households, government and external trade.

200.

GDP, employment, unemployment, inflation, energy balance in

physical and monetary units, balance of trade, government

budget deficit...

Demography,external prices and demands, economic policy,

technical variables.

Il • TAX DESIGN AND FISCAL NEUTRALITY

In theory, it is possible to work out an optimal tax level, from the economic damage due to the
greenhouse effect and the costs of reducing émisions of greenhouse gases (W. Nordhous [91]). But the
economic unalyses are fairly imprecise about the consequences of the Greenhouse Effect and the extend of
the preventive action it would be economically justifiable to undertake. Moreover, the best strategy for
controlling the greenhouse effect depends strongly on the discount rate. The figures cover a very wide range
and vary in a proportion of 1 to 50. They thus leave a very wide margin of judgment for the decisions
required.

In France, the lnterministerial Group on the Greenhouse Effect recommended in its report in date of
november 1990, trie introduction of a tax of FF 1000 per tonne of carbon emitted (or FF 850 per tonne oil
equivalent on fossil fuels).

The European Commission recommends the introduction of fiscal measures in the form of a charge
on all energy (including hydro and Kir) and a charge on carbon dioxide. This dual taxation would
ultimately be equivalent to an increase c 10 dollars per barrel (FF 440 per tonne oil equivalent) in the price
of crude oil. The Community proposal is partly based on the principle of "non discrimination" between the
different forms of energy. It could be feared that it will be less effective than a charge levied only on fossil
fuels and based upon their carbon content. That Fs , which is the bes.' way, energy on carbon tax to reach a
CC>2 emission reduction target at least cost ?

Afterwards, we will consider two ways for introducing a green tax :

• First, a so called carbon tax, that is the introduction of a charge on fossil fuels (FF 850/toe).



• Second, an energy tax, that is introducing a tax on all energy final uses (FF 850/toe). The
inputs for power generation are free of charge, and the competitivity between the different forms
of energy is not modified. The charge on electricity final uses depends on the conversion factor
used. We used an input equivalent one (i.e. amount of primary energy needed to produce 1
MWh in a thermal power plant : 0,222 toe, according to the french official figure).

The main differences between the two taxes lie in the amount of the transfer and in the way
the price of electricity is affected.

In both cases the tax level is FF 850 per toe, but an energy tax causes obviously a more
important levying than the carbon one. The ex-ante transfer from energy consumers to the government is 160
billions of French Francs for the first one, instead of FF 110 billions for the second one. In any case, around
one third of the transfert is borne by households and two thirds by firms.

The induced variations of fossils fuels prices are :

Table 2 : consequences on fossil fuels prices of a FF/toe 850 tax (year 1990)

Industrial uses (Value added tax not included)

Coal + 1 0 5 %
Heavy fuel oil + 1 0 1 %
Gas + 85 %

Domestic uses (all taxes included)

Coal + 3 4 %
Fuel oil + 32 %
Gazoline + 15 %
Gas + 29 %

For domestic and industrial uses, the price of electricity respectively increases by 2 % and 8 %
when a carbon tax is imposed, and by 25 % and 80 % under the energy tax assumption.

Because of the depressive effect of the transfer a lot of accompanying measures could be
thought of in order to obtain fiscal neutrality. The goal is to nullify the transfer from households and
enterprises to the government. We choose to decrease the employers social security cost and the value
added taxes by respectively 66 % and 33 % of the ex-ante levying.

Ill • ENERGY VERSUS CARBON TAX : SHORT AND LONG TERM EFFICIENCY

First, the Melody model gives a very intuitive result : a significant reduction of CO2 emissions

can be obtained whatever tax the government introduces. But in both cases, as we could expect, the
economic cost could be high, if nothing was done to lighten the depressive effect of the fiscal transfer. We
show for instance, in tables 3 and 4, that 2 %, respectively 3 %, of GDP growth is lost when a carbon tax,
respectively an energy tax, is imposed. Nevertheless, as it is shown in tables 5 and 6, curbing CO2

emissions is not only obtained through an economic activity slowdown. Indeed, the it..roduction of
accompanying measures described in section 3 allows to obtain both acceptable economic consequences
and significant reduction of CO2 emissions.



TAXATION WITHOUT ANY ACCOMPANYING MEASURES

Table 3 : carbon tax (FF/toe 850)

{*) energy excluded
(•*) absolute change in % of GDP

Table 4 : energy tax (FF/toe 850)

Relative change in %

CO2 emissions

1995

-9.0

2000

-12.6

2005

-15.7

2010

-16.5

Relative change in %

Gross domestic product

Households consumption

Investment

Imports

Exports

Comsumption price

Production price (*)

Public budget balance (•*)

Trade balance (**)

Fossil fuels consumption

Power generation

1995

-2.1

-2.2

-3.7

-1.1

0.1

3.1

2.2

0.86

0.78

-8.4

2.5

2000

-2.4

-2.6

-2.7

-1.1

-0.5

2.7

1.6

0.65

0.59

•8.5

1.6

2005

-2.3

-2.6

•2.2

-1.1

-0.7

2.3

1.2

0.50

0.47

•8.2

1.2

2010

-2.1

-2.4

-1.9

-1.1

-0.7

2.0

0.9

0.40

0.41

-7.6

1.1

Relative change in %

C02 emissions

1995

-13.6

2000

-15.9

2005

-12.3

2010

-12.1

Relative change in %

Gross domestic product

households consumption

Investment

Imports

Exports

Consumption price

Production price (*)

Public budget balance (**)

Trade balance (**)

Fossil fuels consumption

Power generation

1995

-3.1

-3.2

-5.9

-1.9

0.4

4.8

3.4

1.34

1.23

-7.5

-10.2

2000

-3.5

-4.1

-4.9

-2.2

-0.4

4.4

2.4

1.03

1.03

-7.9

-11.0

2005

-3.4

-4.0

-3.2

-2.0

-0.9

3.7

1.7

0.91

0.69

•6.8

-11.2

2010

-3.1

-3.8

-2.5

-1.8

-1.0

3.3

1.2

0.80

0.56

-6.0

-10.9

(*) enrgy excluded
(**) absolute change in % of GDP



TAXATION WITH DECREASE OF EMPLOYERS SOCIAL SECURITY COST (2/3), AND DECREASE
OF VALUE ADDED TAXES (1/3).

Table 5 : carbon tax (FF/toe 850)

(*) energy excluded
(**) absolute change in % of GDP

Table 6 : energy tax (FF/toe 850)

Relative change in %

COZ emissions

1995

-5.8

2000

-8.2

2005

-11.2

2010

-12.6

Relative change in '/.

Gross domestic product

Households consumption

Investment

Imports

Exports

Consumption price

Production price (*)

Public budget balance (**)

Trade balance (**)

Fossil fuels consumption

Power generation

1995

-0.2

-0.1

-2.5

-0.7

0.2

0.4

-0.2

-0.34

0.40

-7.0

3.7

2000

-0.4

-0.1

-0.9

0.0

-0.4

0.8

0.1

-0.29

0.05

-6.5

3.4

2005

-0.5

-0.1

-0.4

0.3

-0.4

1.1

0.3

-0.25

-0.03

-6.2

3.2

2010

-0.6

-0.3

-0.6

0.3

-0.3

1.3

0.5

-0.21

0.01

-5.8

3.0

Relative change in %

CO2 emissions

1995

-9.4

2000

-9.9

2005

-7.0

2010

-6.5

Relative change in %

Gross domestic product

Households consumption

Investment

Imports

Exports

Constmption price

Production price (*)

Public budget balance (**)

Trade balance (•*)

Fossil fuels consumption

Power generation

1995

-0.3

-0.2

-4.0

-1.5

0.6

0.9

-0.1

-0.39

0.66

-5.5

-8.9

2000

-0.6

-0.4

-1.8

-0.5

-0.3

1.6

0.2

-0.33

0.19

-5.0

-8.7

2005

-0.7

-0.5

-0.9

0.0

-0.4

1.9

0.4

-0.24

0.01

-4.0

-8.8

2010

-0.8

-0.6

-0.5

0.2

-0.4

2.2

0.6

-0.17

-0.05

-3.4

-8.4

(*) energy excluded
(**) absolute change in % of GDP
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Comparative effenciency of carbon versus energy tax can be performed either under neutral or
non neutral fiscality hypothesis. Main results are consistent in both cases. So, let us focus on the dynamics of
CO2 emissions reduction when taxes are introduced with accompanying measures.

An interesting result is given in tables 5 and 6 (see also figure 1): while an energy tax is more

efficient in the short run (CO2 emissions decrease by 9,4 % in 1995 using energy tax and by 5,8 % using

carbon tax), a carbon fax is more efficient in the long run (CO2 emissions decrease by 12,6 % in 2010

using carbon tax and by 6,5 % using energy tax). This non intuitive result can be explained by considering

that short run power plants management differs from the long run one.

In the short run, generation capacities (hydro, nuclear, fossil fuels) are fixed. Then, unexpected
variations of electricity demand (for instance, resulting form new taxes), induce a shift in the generation
pattern.

When energy tax is introduced, demand for electricity highyly decreases and the corresponding
production slowdown lies around 10 %. Consequently, hydro and nuclear shares in power generation
increase. Carbon tax induces an oposite effect. A slight increase in electricity demand induces a rise (around
2,5 %) in power generation. Here, hydro and nuclear shares decrease (see table 7).

When energy prices structure is modified, an optimal economic mix of coal, fuel oil and
nuclear power plants cannot be reached before years 2005.

The optimal mix is usually settled by comparing for various demand times, long term
generation cost for each technology (figure 2 for the basic case-power plants commissioned around 2005).
When demand time exceeds 3760 hours (nuclear/coal interruption time) nuclear is used to produce
electricity. When demand time lies between 1110 and 3760 hours, coal power plants are prefered. Fuel oil
power plants are used under 1110 hours.

Energy tax modifies final uses energy prices, but, for power generation, compefitiviry between
fuel oil, coal and nuclear is unchanged.

On the other hand, competitivty between power generation processes is highly modified by a
carbon tax (figure 3). In theory, coal plants are dropped in a long run management and the nuclear/fuel oil
interruption time is around 1000 hours. Nevertheless, such an extensive shift is unrealistic by 2010 for two
major reasons :

. First, technical problems could appear to manage peak hours using nuclear. Short demand
time needs "stop and go" management that could hardly be done using nuclear reactors.

. Second, a fair number of coal power plants don't have to be decommissioned before 2010 .
Until then, the shift from coal to nuclear could only occur if the operating cost for coal is higher than the total
cost (investment- and operating costs] for nuclear (figure 4).

According to figures 2 and 4, we assume, in our carbon tax scenario, that nuclear replaces
coal for demand times lying between 2860 and 3760 hours.

Supply pattern of power generation is shown in table 7. Main dynamic features are set out in
this table, with electricity demand as leading variable in the short run and energy prices in the long run.
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Table 7: supply pattern of power generation

1995 2010
Basic case
Hydro and nuclear share 86,2 % 88,6 %
Fossil fuels share 13,8 % 11,4 %
Electricity generation 480 TWh 662 TWh

Carbon tax
Hydro and nuclear share 85,2% 9 3 , 1 %
Fossil fuels share 14,8 % 6,9 %
Electricity generation 499 TWh 683 TWh

Energy tax
Hydro and nuclear share 88,8 % 88,8 %
Fossil fuels share 11,2% 11,2%
Electricity generation 434 TWh 604 TWh

CONCLUSION

Some degree of international coordination of the control of the Greenhouse Effect is
indispensable, since any unilateral initiative would be on too small a scale and would be likely to penalise
whoever embarks upon it.

The major gamble of the Community proposal is the recognition by all member states of fiscal
measures as an economically effective instrument for limiting the emissions of carbon dioxide. If such a
consensus were to be established , the EEC's negotiating position for a world-wide fiscal approach would
naturally be reinforced as a result.

Faced with high energy prices, the long term capacitiy of our countries to adapt should not be
underestimated. This will result in particular in a transformation of the housing-urban development - transport
complex leading to an appreciable reduction oh energy consumption. This is proved by the situation of those
countries which have managed to reconcile a policy of high energy prices with advanced economic
development, such as Europe. This supports the idea that, in the long term, the cost of reducing emissions of
greenhouse gases should be reasonnable, and that the sooner action is taken, the lower they could be.

On the other hand, it is to be regretted that the Community proposal will be partly based on
the principle of "non-discrimination" between the different forms of energy rather than a charge bevied only
on carbon content. Loss of efficiency could be prohebitive in the long term. For example, taxing hydro and
nuclear power, which would badly drive up the price of electricity, heavily penalises the competitiviry of the
electric car. This would be particulary inappropriate since the EEC recognises that "the transport sector will
probably be the biggest contributor to the increase in emissions of CO2 the next decade".

It could be feared that this "short-sighted" feature of the EEC proposal will be an obstacle to
an extension to a world-wide scale.
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