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Why tax energy? Towards a more rational policy

David M Newbery

The same fuels are taxed at widely different ratesfferent countries while different fuels arex¢ad at
widely different rates within and across countri€sal, oil and gas are all used to generate eleitirj

but are subject to very different tax or subsidyimees. This paper considers what tax theory haayo
about efficient energy tax design. The main fadimr&nergy taxes are the optimal tariff argumehé
need to correct externalities such as global wagniand second-best considerations for taxing
transport fuels as road charges, but these areénadte to explain current energy taxes. EU eneaagy t
harmonisation and Kyoto suggest that the timegis to reform energy taxation.

JEL: Q4, Q48, H21, H23, L71, R48
Key words: tax, energy, oil, optimal tariff, extelitias, exhaustible resources, global warming,
road charges

INTRODUCTION

Fossil fuels are exhaustible resources that are the pgrumean contributor to the stock
pollutant, carbon dioxide (G} the main greenhouse gas. Oil reserves are concehinate
geo-politically sensitive countries, and managed, wihying degrees of success, by the
OPEC cartel. Oil price shocks have global macroeconsigitficance and oil is essential for
transport, which in turn is essential for modern econsnid®mestic energy consumption is
income inelastic, and so its cost bears relatively moewilyeon the poor than the rich,
leading to political concerns about “fuel pover{yCoaI has lost its earlier dominance to oil
and increasingly gas, but continues to employ large ewnbf well-organised labour in
many countries. Coal has higher damaging pollutantsipef energy than other fuels, and
has been put under further pressure by the trend doessl emissions through market
instruments. The European Emissions Trading System (ET &) Wwhs been trading forward
CO, allowances since 2003, is perhaps the best examplés Atart date, the 2005 carbon
price quoted on the ETS would increase the ten-gearage cost of imported coal by 60%.
Coal, oil and gas are important fuels in electricéygration, but are taxed at very different
rates, while nuclear power and renewables are cdrbenbut will be affected by the design
of the ETS, and already attract various subsidies.

For all these reasons, energy is a politically sensgivgect, and at various times
most countries have felt the need to articulate (defiee) an energy policy. In a market
economy the natural expression for such a policy ligkenvarious taxes and subsidies that

" Professor, Faculty of Economics, University of ®aidge, Sidgwick Avenue, Cambridge, England
CB3 9DE (E-mail: dmgn@econ.cam.ac.uk). This papex very modest adaptation of a paper of the
same title to be published in tBmergy Journain July 2005, but stressing the importance of gnerg
taxes for the electricity sector. | have drawn lilgaen joint work with Larry Karp, to whom | am
greatly indebted, and also for his calculationscarbon taxes. | would also like to thank Toke Aidt,
Denny Ellerman, Hill Huntington, Colin Rowat andr@abell Watkins for comments on and help with
the paper, with the usual disclaimer.

! The UK Family Expenditure Survefpr 2000/01 shows expenditure of gas and elettras 6.1%
of total expenditure for the bottom quintile of iiheome distribution, and 1.9% for the top quintile

% The EUA price for delivery in Dec 2005 starte®at€/tCO, = 31€/C, and the average c.i.f. price
of coal into Western Europe was 84onne.
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2 NEWBERY

impact on energy production and consumption decisidtfsoumh licenses, standards and
regulation also play an important part. Given thesity of concerns, it is perhaps not too
surprising that energy taxes are so variable, across, fuelintries and over time. The
guestion this paper addresses is whether the basic pesmappublic finance can introduce
some order and rationality into to discussions of howgntxes might rationally be set.
That is not to deny that changing taxes is alwaysipally fraught, and different polities will
find some changes difficult, if not almost impossible. Nthadess, the recent trend towards
explicitly charging for external energy costs, throygices determined by emissions trading,
requires a reconsideration of the pricing and taratibenergy, where such principles may
provide better guidance than past ad hoc intervesitiBositive theories of instrument choice
can go some way in explaining the observed trend fromntand and control to tradable
permits or taxes (e.g. Aidt and Dutta, 2004), and ¢baditions likely to favour tax
instruments, and they support the pressure for a mo@nahtapproach to the choice of
instruments as environmental standards become increaserggndling.

Figure 1 Taxes on oil and oil products, 2002
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Note: * 2001 data
Sources: EU countrie€U Excise Tax Duty Table2003; others: OECENnvironmentally Related
Taxes Databas&€003; oil from OECDEnergy Balances for OECD Countries 2000-2001

Evidence that there is remarkably little agreemenhon heavily energy should be
taxed is readily available. There is a wide divergemctaxes on the same fuel in different
countries and also on different fuels within each tgurdrigure 1 shows the variation in oil
taxation across various OECD countries in the tax queme oil equivalent (TOE) in 2002.

® The data for EU countries are comparable, bu ftatthe four countries at the right come from a
different source, which for EU countries seems ndarstate tax revenue on oil as a base (perhaps
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Why tax energy? 3

The average EU tax was 366TOE but the coefficient of variation (CV) was 33%0 put
the level of taxes into perspective, oil product ggicn 2002 (spot Amsterdam) were about
200€/TOE (190 $/TOE), although they were about £5D0E (230$/TOE) in 2000 Figure

1 also shows the oil tax revenue as a share of GDPir{gead the right hand y-axis), where
the EU-15 average was 1.8% (CV 21%), and on the saisgetlae road fuel tax revenue as a
share of GDP. In most countries oil taxation is overminally concentrated on road fuels.

Several points stand out from the empirical evidenEg&st, the weighted average
share of energy taxes in total tax revenue in 20@basit 5¥2%, a slight fall from the 6% in
1994 (OECD, 2003). (The simple arithmetic averagessc@ECD countries was higher, at
7% of tax revenues in 2001, and 2.5% of GDP, refigcthe low energy tax rates in the
largest country, the US.) Energy taxes are indir@ogd, and account for about one-fifth of
indirect tax revenue in the EU-15. As such, energgdare fiscally important, and although
they may appear modest compared to other major taxes,asucitome taxes, energy tax
ratescan be extremely high — the average EU-15 oifréein figure 1 in 2002 was 180% of
the pre-tax (c.i.f.) price, although as the price@ibfluctuates more than excise taxes, the rate
varies and was 115% of the pre-tax price in 2001.

Second, energy tax revenue is overwhelmingly oilrevenue — 93% of all OECD
energy tax revenue came from oil (OECD, 2003). TheituKarticular stands out as having
high oil taxes (essentially high road fuel tax ratésthe UK, real hydrocarbon tax receipts
grew at 6.2% p.a. in the decade 1989-99, and ateddar 6.7% of total tax receipts by the
end of the decade. They accounted for 20% of dlfeat tax receipts (including VAT), and
46% of indirect taxes if VAT and import duties areleded. Taxes on Light Fuel Oil (LFO)
even for industrial uses (see figure 2) can be ove?dl6Dthe pre-tax price, while gasoline
taxes were 180% in the EU-15 in 2002, and over 2b0&%e UK (figure 4). Rates were even
higher in the period 1994-99 when oil product sieeere lower. As the deadweight loss of a
tax increases as roughly tequareof the tax rate (for small rates of tax), such higbgare
potentially very costly sources of revenue.

The variation of excise taxes for different fueds the industrial sector is shown in figure. 2.
Light fuel oil (LFO) stands out as heavily taxed Same countries, notably Greece and Portugal,
presumably where there are difficulties in prevegtax evasion with the even more heavily taxed roa
diesel fuel, for which kerosene can readily be stulbed. The same is true in Austria and Swedernravhe
tax evasion might be less of a probI%Heavy fuel oil (HFO) is relatively heavily taxea the Nordic
countries, and both Norway and Denmark appear ‘e ttee most uniform tax system across fuels, as
the base is primarily carbon content.

because revenue is allocated to the base, suehpdmisor carbon, and not then aggregated up to the
carrier fuel). Conversion factors for products tak®em BP (2004) and IEA (2004).

* Weighted average (by EU consumption) of lightddhe and heavy distillate spot prices from IEA
(2004), 1.09 TOE/tonne product.

® The rates for the same fuel in different useerofliffers dramatically, and appears to account for
discrepancies between the EU Excise source usex dmet IEA'sEnergy Prices and Taxegor
example Greece is shown in the IEA source as hauingxcise 2£/'000 litres, while the EU source
has 245€/'000 litres for industrial commercial use and & heating. Italy similarly sharply

distinguishes between gasoil for industrial usegnghits tax rate is 126/’000 | compared to 400
€/'000 | as a propellant.
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4 NEWBERY

Figure 2 Excise taxes on industrial fuels 200Z{TOE)
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Source: EU countrie€U Excise Tax Duty TableX03; others: IEAnergy Prices and Taxes 2004

Figure 3 shows the effective tamtes (as a percentage of pre-tax prices) on fuel
consumed in the domestic sector (excluding roal iech is shown in figure 4). The tax rates
are net of the standard rate of VAT, and reveal some countries like the UK effectively
subsidize some (but not all) domestic fuels byextbjg them to a lower rate of VAT than for
other normally taxed goods. Domestic LFO is pritgaused for central heating, as is natural
gas, but they are taxed at very different ratesdjgixin Denmark), again probably to prevent tax
evasion through fuel substitution. The variatioroas countries is considerably larger than for
industrial use, as one might expect on efficien@ugds. The average tax rates are typically
higher than for industry, again as expected.

Figure 4 completes the picture by comparing taxesaad fuel ranked by gasoline
taxes. The average EU gasoline tax rate was 1808heopre-tax price, and over 240% for
Germany and the UK. The average rate of dieselstakghtly lower at 130% (but again over
240% in the UK). As figure 1 showed, road fuel saxentribute the overwhelming proportion
of energy taxes, and raise the greatest concapsugs, as a considerable part of these taxes are
more properly considered as road user chargesudsthey will have to be considered along
with other forms of road user charge, but evemtakinat into account it is hard to reconcile the
variations in fuel taxes with corresponding vadias in road user costs.
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Why tax energy? 5

Figure 3 Effective tax rates on domestic fuels, ER002, net of standard VAT
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Figure 4 Road fuel excises 2002
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Most oil taxes are excise taxes at fixed rates per ratiter tharad valorem and so
their rate as a percentage of the pre-tax pricesavith the oil price, falling as oil prices rise
and rising when oil prices fall. This may even be eragigd by the consumer/voter
resistance faced by tax authorities when oil prices gsenetimes placing a cap on the
nominal value of the tax per unit, and eroding bitdhreal value and its rate. Conversely,
governments find it easier to raise oil taxes when rodeg fall. Thus in $1994/barrel of oil
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6 NEWBERY

and for OECD Europe, the absolute tax rose from $2&ib1081, when the pre-tax oil price
(including refining and distribution) was $63/bbl, $d6/bbl in 1994 when the pre-tax oil
price had fallen to $23/bbl. The tax as a share@ptie-tax price thus rose from 41% in 1981
when oil prices were high to 200% in 1994 when pgrieeere low (Austvik, 19976).Such
counter-cyclical taxing is even more likely in deyetagy countries with state ownership of
refining, where final fuel prices are set by the goweent. In such cases the distinction
between explicit taxes and implicit charges colle@sdigher profits by the government as
owner becomes obscured, but can amplify such countécalytaxation. We shall need to
investigate to what extent this variation is consisiétit sound economic policies.

Several recent events have come together to suggetitertane is ripe to re-examine
the logic (or lack of it) in the current patterns fafel taxation. First, the European
Commission is attempting to harmonize energy taxes witmenBU, which has recently
grown from 15 to 25 member states. Second, the Kyoteehgent is attempting to achieve a
unified and ultimately global approach to reducingemhouse gas (GHG) emissions.
Efficiency requires that each country and GHG sodaoce the same charge per tonne of
carbon dioxide equivalent, as the damage done is @mdiemt of where or how the GHG is
emitted’ The Kyoto Protocol was finally ratified at the enid2004, but even before that the
European Commission has issued a legally binding requitethah member states meet
agreed reduction targets and participate in a Emnoge Emissions Trading Scheme (ETS).
Trading started in January 2005, ensuring a unifoased price for carbon dioxide (but not
yet other GHGS) across Europe. Finally, market econoanescreasingly attracted to using
market-based instruments to address pollution, of whele¥S is a leading example.

The ostensible reason why the European Commission wishieariiwonize energy
taxes is that the Commission is mandated to create a smagket for goods and services, and
to foster efficient trade within and between memdtates. That requires either removing tax
distortions that fall on production, or harmonisihgir rates so that producers in each country
face similar input prices. The great attractiorihef Value Added Tax (VAT) is that it falls on
final consumers and does not distort productionsaets. Excise taxes, of which energy taxes
are an important part, do not have that propertg, leence there is pressure from the European
Commission to harmonise their rates. We shall remetsider whether there is a case for a
positive level of excise taxes, for if not, theneamight argue that tax competition between
member states would put downward pressure on eeamse taxes, moving them closer to the
“correct” level.

2. WHY IMPOSE ADDITIONAL EXCISE TAXES ON ENERGY?

Energy taxes are primarily input taxes, and as $altlon production as well as consumption.
Standard tax theory (Diamond and Mirrlees, 197@)@s that distortions should be confined to
final consumption, leaving production undistortda.the absence of externalities or other
market failures, that suggests that all indiregesashould be Value Added Taxes (VAT).

® For the total OECD region, including low tax caigsé such as the US, the tax rate rose from 27%
in 1981 to 100% in 1994 as the pre-tax oil prick by 50%. Sorenson (1999) gives figures for a

slightly longer period, showing that the tax radee from 22% in 1980 to 96% in 1995..

" The damage done by different greenhouse gadessdifi both its instantaneous impact and over its
varying lifetime, but for any single gas the looatiof the source is irrelevant, in contrast to more
local pollutants such as sulphur dioxide or nitrogides.
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Why tax energy? 7

Clearly, the energy taxes identified in the figunekich exclude standard rate VATWjolate
this precept, raising the question what marketifed or externalities might account for these
taxes.

There are four main economic reasons for energisexaxes: as an optimal import
tariff, to reflect and internalise external costea(nly from pollution), as a second-best
instrument for charging for transport infrastruetusand, more generally, as part of a second-best
tax structure to improve the redistributive andficiency properties of the remaining feasible
taxes’ In practice, taxes on each fuel may reflect a méxtof these reasons, as well as the
inertia of past politically expedient tax choickst it is still useful to consider each argument
separately, and then ask how far they are simpiitiael in setting the final excise tax. The
optimal tariff and the externality arguments ardipalarly relevant to the EU agenda of energy
tax harmonisation, as the EU is a trading bloc ttdlectively has more market power in
international markets, while most energy pollutartsss national boundaries and are of direct
concern to neighbouring countries.

The main focus of EU energy tax harmonisation iobrproducts, and the two main
reasons for an EU-wide set of minimum oil product tagdbat the EU has potential market
power in the world oil market and to prevent inaéiit cross-border trade within the EU.
Excise taxes can be a substitute for oil import targfeyiding countries cannot choose to
free-ride on their neighbours by setting low excisee$a and enjoying the lower world oil
price that reduced oil consumption should producemidarsing oil excise taxes is therefore
a way of preventing free-riding. Excise taxes alsoichtbe perception that countries are
imposing protective duties and undermining their WT@eotments to free trade.

Oil consumption accounted for 43% of world total firaergy consumption in 2000,
and 53% of OECD total final energy consumption (OE@DQ2a). International trade
accounts for a significant share of oil supply — 5992093 (BP, 2004). Oil reserves are
concentrated, with a Herfindahl Hirschman Ind&ey HHI, of 5963 in 2003 if we consider
OPEC as an effective cartel, although only 1022 a€he country acts separately. Oil
production is rather less concentrated, with an HHL30 if OPEC acts cohesively, or 571
taking each country individually. Oil consumption iggktly more concentrated than
production if we consider each country acting indiinally, with an HHI of 876 compared to
571, but somewhat less so if we consider country caadititf the EU harmonises its oil
taxes, consumption has an HHI of 1200 compared to ass@h®©PEC cartel with a
production HHI of 1900. Figures 5 and 6 show thetinedamarket structure for exporting and
importing countries:

® In some countries, notably the UK, domestic eneagsumption attracts a lower rate of VAT, and
as such is relatively subsidised. This departura funiformity has been allowed for in fig. 3.

® In all cases the standard (Welfare and PublicnBucs) criterion for optimality is that of

maximising a Benthamite social welfare function.

% The sum of the squared percentage shares, wj@®@®eing a pure monopoly, and an HHI of
1800 or above giving rise to anti-trust concernthaUS (and elsewhere).

Y The reserve and production data used to prodgueef5 show that the Reserve/Production ratio
for the top 70% of total reserves is greater thauyears, while with a few exceptions the R/P ratios
for the remaining 30% are less than 30 years.
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Figure 5 OPEC reserves and production 2003
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Figure 6 Consumption shares 2003
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Why tax energy? 9

Oil taxes are easy and cheap to collect, and in mbsnporting countries (the US
being a notable exception) oil producers had Ipidtical influence at the time the oil tax
system was put in place. Taxing oil was therefore palii attractive as reducing import
dependence had economic and geopolitical advantégesn the international oil market is
turbulent (as at present) and security of supply utideat (through embargoes and conflict),
normal excise taxes may be supplemented by an addibdrsgcurity levy. This may take
the form of the requiring companies to hold oil stogksahich case it does not appear as an
explicit tax) or as a charge to finance a stratediceserve. It is therefore useful to consider
how an oil import tariff might be set, recognising tlitatnay take the form of an agreed
minimum set of oil excises. The two features of oil thatimguish it from a normal traded
good are that oil is an exhaustible resource, anekpibrters have market power.

3. OPTIMAL TAXES ON DEPLETABLE RESOURCES

Exhaustible resources like oil and gas enjoy scarcitysrdJnder simplifying assumptions
(perfect certainty, extraction costs independenteafiaining stocks and flows, and perfect
competition) the rent of an exhaustible resource shoglgtase at the rate of interest during
the period that a particular field is in producti@s, Hotelling (1931) first pointed out. The
size of this rent depends on the demand for the res@odaxes that reduce demand should
transfer some of this rent from resource owners to consukdsirsy Austvik’'s (1997) data
for OECD-Europe, if the extraction and transport costOPEC oil is $(1994) 5/bbl,
producers claimed just over two-thirds of the $86/leilt plus consumer taxes in 1981 but
only one-quarter of the $61/bbl in 1994. In the U3he extraction cost is taken as $10/bbl,
the producer share fell from 85% of the $57/bbl m@os tax in 1981 to 50% in 1994, as the
share of domestic production in consumption fell from 68%7% (and to 37% by 2003).

Most energy tax revenue comes from oil and it theeefioakes sense to examine the
case for optimal oil import tariffs and then to seéndre is any case for tariffs on other fuels
(gas and coal).

3.1  Optimal oil taxes and tariffs

Rational producers of an exhaustible resource hastedinle whether to sell now or retain the
resource for later sale, which will be attractivéhi# present value of the profit from selling in
the future is higher than that from selling it now.tda oil tariffs will affect future oil
demand and hence the price and profit from delayexl b&édre precisely, the whole future
time path of oil import tariffs will affect the curreprice of oil and hence the attractiveness
of imposing tariffs. This raises an immediate problem, fatignal) oil producers need to
predict future oil tariffs in order to decide at wipgice they are willing to sell oil today. In a
(very) simple-minded case, the oil importers would annoeutheir tariff plans (or the oll
exporters would work out their optimal future taptbns), and then producers would decide
their current level of supply, which would determthe current price.

Newbery (1976) derived the optimal open-loop imparifit for a perfectly certain
world of competitive oil producers.If extraction costs are independent of remaining stock
the open-loop optimal tariff increases at the ratentgfrest, so it has constant present value.
As rent also rises at the rate of interest, such a tariff effect a lump sum tax on rent and
creates no distortions, as producers have no incerdiveschedule their time pattern of

2" Open-loop here means that the optimisation afiritiiel date finds a forward-looking solution
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supply.

The problem with this line of argument is that exceptvery special cases, the
apparently optimal (open-loop) oil tax is dynamicaltgonsistent (Newbery, 1976; Kemp
and Long, 1980; Maskin and Newbery, 1981; Karp apd/ibery, 1991a, b, 1992, 1993). The
optimal open-loop time path of oil taxes is based oraisamption that the tax authority can
credibly commit to follow this plan and that all otlgplucers believe this to be the case. To
illustrate this, suppose that demand for oil falls toozat some choke pricgg*. The
importing country will have a domestic tax-inclusivécprP; = p + To €' wherep is the
import price at date, r is the rate of interest ang is the initial tariff. At some date the
domestic price will have risen @ and the country will stop consuming oil, even thoogh
is available on the international market at a lowerep Having driven down the price of oil
by announcing the original import tariff trajectotpe importer would now like to depart
from that plan. In consequence, that plan is dynamigationsistent. Without some method
of committing to follow the old plan, rational produrs will expect that the plan will be
revised, and will adjust their price expectations hedce their current supply. In such cases
the original plan will not be credible, and a difet way of computing the appropriate tax
rate will be needed.

The same problem also arises in some cases where there ig pwwez on the
producer side. The typical model of the OPEC cardsl & core group of countries with low
extraction costs facing a fringe of high cost prodg@auntries. In a competitive equilibrium
the low cost countries would sell their oil before &igh cost field started production, but if
the low cost producers have market power they wilemheine when to sell based on
comparisons of the present value of th@rginal profit at each date. This can easily lead to a
situation in which the price-taking high-cost fringal sell early and the rent (prickess
extraction cost) will initially rise at the rate ofterest. The cartel will delay and eventually
sell along a path at which the marginal revenue risésearate of interest (if costs are taken
as zero), but the price rises less rapidly than the ohtmterest, so that the high cost
producers would not find it attractive to delay extion’® Such a path would be dynamically
inconsistent if the cartel would find it attractive fiaise prices sharply once the fringe had
exhausted all its oil and lost the ability to limitdue price rises by delaying extraction. More
generally, an intertemporal equilibrium is dynamicatigonsistent if an agent makes a plan
from which at some future date he would like to dep@ssuming that he cannot precommit
to that plan.

Karp and Newbery (1993) discuss the problem of chooairsgitable equilibrium
concept for exhaustible resource games in which somerplésither producers or consumers
or both) have market power and must choose optimal gigate The minimal requirement of
intertemporal rationality is that the resulting edwilim should not be dynamically
inconsistent. A time path isteme-consistengequilibrium if the continuation of the original or
reference path is an equilibrium of the game whosélntbndition is any point on the
reference path. A stronger requirement is that thdlilegum is ‘perfect’. Suppose that at
some daté the strategic agent departs from his original plarhabthe present stag (e.g.

(e.g. for the tariff) as a function of time and bthe state (e.g. the stock of oil).

' This requires that the elasticity of demand risith the price, as for example with linear demand.
It also assumes that low cost producers have rfeehidiscount rates than high cost producers, which
is plausible if the decision makers are concernét their successors within the country, and are
capital surplus countries lending abroad, but unstaegimes may have higher effective discount
rates. The Reserve/Production ratios of the majmiycers are high and consistent with this view.
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Why tax energy? 11

stocks of oil) no longer lies on the reference paéifdetion requires that continuations of the
reference strategies be equilibrium strategies in theeghat begins at datewith the initial
state given byx. This must hold for ali and for all states that could possibly be reached from
the initial state (i.e. for all possible deviationsheTMarkov perfect equilibrium is the Nash
equilibrium in decision rules in which each agent cfesoits optimal state-contingent
decision (a tariff or output level) taking the rutgsother agents as givéﬁ.

Karp and Newbery (1991a) show that the form of thekigha perfect optimal import
tariff depends critically upon the order in whiclcidgons are takerti. producers choose their
extraction strategies first, and then importers selest tmport tariffs (or if both importers
and producers make simultaneous decisions) then eacbowdition their current decisions
on the remaining stocks of oil (assumed well-defined lemalvn) held by each producer,
given by the vecto® at datd.

The optimal tariff is then easy to characterise. Suppuaethe sellers condition their
output on the current vector of stocksand that the resulting aggregate supply function is
X(S). If the importers take this as given then at each ttaal supply is given & is given,
and the importers play a series of static games, choosinfis tjust to maximise
instantaneous welfare and ignoring the future (whingy cannot credibly influence by their
current decisions). As such they play a sequence of Neslot games. Standard
optimisation then shows that if the world price ofisip, and country imports an amourg;
and sets a tariff (or excise tax) at rateo that the domestic pricepst 7, thent, is given by

-G __abp (1)

Ti_zaqj /ap_z iEj’

j#i j#i

whereg; is the market share of counfrin world imports,q; /Q, ande; is the price elasticity

of demand for oil (as a positive numﬁérFor the case of linear demand with a choke price
p*, where the aggregate (untaxed) demand sched@e=i# (p* - p), and consumption ig;

=a; B (p* - p —7i), the formula for the tariff is just

ri=a;(p*-p). )

The contrast with the open-loop tariff is dramatichis case, for while the Markov perfect
(or Nash) tariff falls as the oil price rises, the opmop tariff would increase at the rate of
interest over time as the oil price increases. Austvikd®97) finding that both the real oil tax
and the tax rate decrease as oil prices rise is cgrtankistent with the Nash story (although
the decrease of oil prices and rents over the pe®&1-1994 is rather harder to reconcile
with exhaustible resource theory).

If, at the other extreme, importers choose their térgt, and then producers are free
to change their extraction plans after observingahé, the solution will be quite different.
In the standard (if unrealistically simple) case in \Whpcoducers are free to reallocate output
between any dates, importers know that when they stienttariff, the effectively face a
completely elastic supply schedule at that date, asupens will respond to the tariff and
rearrange their extraction plans accordingly. In Mesh case considered above, supply
decisions have already been made when importers choesetdhff, so the supply is
completely inelastic.

* Markov here means that decisions only depend @uulrent state, and not on previous history.
15 The convention throughout the article is that all prielasticities,e, are defined as dlog
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Solving for the Markov perfect tariff when produsezan respond to the tariffs is
more difficult, involving a set of differential equ@s derived from the value function (as set
out in Karp and Newbery, 1991a). Not surprisinglye fact that importers face a short-run
elastic supply means that the optimal tariff is typickdlyer than when they face an inelastic
supply. Deciding which assumption best describes realtfficult. Clearly tax decisions are
not reconsidered every moment (or even every time thrédwil market changes), arguing
for the case in which oil producers respond to thegiliag set of oil taxes. On the other
hand, competitive oil producers often make durableestment decisions that limit the
profitability of changing their depletion profil@©PEC members do periodically meet to
decide their output quotas to support particulargsri@lthough they are often less willing to
act on their decisions). The two extreme assumptions sbhoadétet the correct result.

Finding the dynamically consistent strategy for oil@xers with market power is also
challenging, but the open-loop Nash-Cournot equilirin which each producer takes the
time path of production of the other producers asrgsetisfies the weaker concept of time
consistency. Karp and Newbery (1991b) then show that @an analyse the oil market
equilibrium in which exporters exercise their markewpnoin this way, and importers set
(Markov perfect) Nash-Cournot import tariffs. If pra#wj has constant unit extraction costs
¢ then the marginal revenue of that producer satisfies

MR; (1) < 4,€" +¢;, 3)

wheret is a constant that will be determined by the backptige and the stock of oil at
time zero.

If we are willing to assume that both importers and ep® play time-consistent
Nash-Cournot strategies, then it is possible to solvéhtoequilibrium world price of oil and
the optimum import tariffs. Karp and Newbery (1991bpdthis model of the world oll
market with linear demand as for (2), and assume thalQOPEepresented by a symmetric
duopoly with zero extraction costs. The rest of theldvis taken as a competitive fringe with
extraction cost. The producer HHI in this case would be 3000, conthb&we6000 for a
cohesive OPEC cartel and 1000 for a completely fratgdenartel. They find that the
extraction pattern is one in which the high costdgeirextracts more rapidly in the early
period, and is gradually replaced by the cartel,sstent with the production and reserve
positions shown in figure 5.

Adopting the Nash assumption for importers also makes it teasglve for the US
and the EU import tariffs from equations (1) or](FZDnterestineg, the US had the roughly the
same value for their world consumption shigss production share of 16% in 2003 as the
EU’s value of 15%. The higher US share in world congionpof 25% compared with the
EU’s share of 19% is offset by a higher share in praoiictThe HHI for net importers
assuming the US and the EU act as independent but eehsecs is 1652, lower than the
modelled value for producers.

The implication of this over-simplified theory is thadause the US has the same net
import share as the EU, US oil taxes should be compatali®) oil taxes, whereas in fact
they are much loweY. To estimate the value of the optimal import tariff me=d to calibrate

guantity/dlog (final priceand hence are positive numbers.
16 Equation (1) continues to hold if importing cates also produce oil, except thats now to be

interpreted as the share in world consumpléssthe share in world production (strictly, the sksare
that would prevail in the absence of any tarif&3e the appendix for details.
" The linear demand assumption complicates theysisalas shown below but if anything
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this very simple model. If all demand elasticities are shme and constant at and the
delivered c.i.f. price plus any refining marginpisequation (1) gives the import tariff raa

as {o/(1- a)}.1/e. For a country with a share= 0.15, the rate is 0.18/showing the critical
importance of the price elasticity of demamnd,In the linear model of equation (2) this
dependency is less obvious, and the elasticity willeiase with the domestic (tax-inclusive)
price,P. The implied final price elasticity of oil demandR#p*-P) wherep* is the backstop
price (for the average mix of products in the barael] including any environmental taxes
specific to oil such as a carbon tax). If we take@&CD averages given above in $1994, in
1981 the delivered c.i.f. price was $63/bbl and® was $89. If the back-stop price were
$135/barrel, the implied price elasticity would b8.1The same calculation for 1994 when
was $69 ang was $23 gives an elasticity of 1.1.)

Gately and Huntington (2002) estimate the price andme elasticities of demand for
energy and oil for OECD and non-OECD countries,thay take the world price of oil, not
the final tax-inclusive price, in their estimations.eithpreferred estimate for the c.i.f. oll
price elasticity for OECD countries is 0.64. The ielahip between the c.i.f. elasticitg,
and the final oil price elasticit§ is given bye: = & (p/P)(dP/dp. The average value @fP
for the two dates is 0.52 whil&p/Ap = 0.5, soe; =0.26 ¢. The relevant domestic price
elasticity in this case would be roughly four times ¢h&de price elasticity, or for the OECD
higher (in absolute value) than 2. This seems highyeadbe largely driven by the one-time
large switch out of oil into coal and gas for elagityi generation following the high oil prices
from 1974-85. Certainly their estimates for non-OECDntges are much lower (less than
0.2), while Pesaran et al's (1999) estimate for theg-lmm price elasticity in Asian
developing countries if also lower for final consumptgrices (at about 0.3 but with a very
wide spread).

Atkinson and Manning (1995, p98) estimate oil pri@stetities (using final prices) of
0.43 for four EU countries using three lags, but Owith two lags. Franzén and Sterner
(1995, p119) find the long-run price elasticity g@soline is typically above 1 (for the EU is
1.41), but some of this reflects a switch into diesel evefstates the elasticity of transport
fuel demand. Graham and Glaister (2002) survey theespgeand find transport fuel price
elasticities between 0.6 and 0.8 (mean 0.77, medi&).@®odwin et al (2004) finds a value
of 0.64 (again with a considerable range up to I'Bey note that elasticities increase with
price (as expected with a linear demand, but alsoiasaifoint input with the value of time
into transport). One imagines that the demand elasfwitpther oil products should be at
least as high as for transport fuels, for which theedew substitutes.

The 2002 EU-15 average oil tax was $39/bbl (§000E) and the c.i.f. product price
was about $26/bbl. If we take a backstop price ofO#til8 final product and compute the
optimal tariff using the linear equation (2) the iregliprice elasticity of demand for the EU
would be 1, and the optimal tariff is 15% of (130-26$15.6/bbl, or two-fifths the actual tax
(as shown in the right hand column of Table 1 onitne‘iLinear Nash”). If we do the same
calculation for the US with a 2001 tax of $10/khk implied price elasticity of final demand
would be somewhat less than 0.4 (again assuming linearnd¢raad the tariff element
should be 16% of (130-26) = $16.6/bbl. On that datoon the US would seem to be under-
taxing oil, even before allowing for other corrgetitaxes. In this over-simplified model the
US tax would need a backstop price of less than $V8Ibthe optimal tariff to be no greater
than the existing tax.

strengthens the case for increasing US tariff-exjaivt taxes.
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If, on the other hand, we suppose that the final denfeas constant elasticity at unity, the
optimal import tariff would be almost the same in both BHU and US at $4.6/bbl, but twice
as high at an elasticity of 0.5. These examples showuibgtantial sensitivity of the tariff to

both the shape of demand and the value of the etgstici

Table 1. Optimal oil import tariffs

$(2002)/bbl
Oll tariffs Low Moderate High
Oil price cif + processing margin 35 65 26
Backstop price 85 115 130
Price elasticity of final demand 2 15 1
Implied domestic taxes 21.7 4.0 39.0

Optimal import tariffs

$/bbl
Linear Nash 7.5 7.5 15.6
Constant elasticity Nash 3.1 6.5 4.6
Elastic supply, linear demand 3.8 3.8 7.8
Range of tariffs $/bbl 3.8 5.9 15.6

If we assume linear demand with a backstop price of 8blmnd an average oil
product price of $65bbl, then the implied price etitstin the US would be just over 1.9 and
the optimal import tariff would be $7.5/bbl in the J8aving little room for any other taxes).
All the assumptions (shape of the demand schedule, baaatbpr demand elasticities) are
suspect, but the exercise illuminates the difficultysmfultaneously rationalising both US
and EU oil taxes.

If importers know that they cannot rapidly changetaxes, and if they consider that
oil producers will choose their extraction plans aftexy have observed oil taxes, then the
balance of advantage shifts to the producers, and terpowould optimally levy lower
import tariffs (or equivalent oil taxes). As a very gburule, with linear demand, the optimal
tariff might then be only half as high as with shont-melastic supply.

Summarising the conflicting evidence on the criticallue of the oil price elasticity,
one can argue that the long-run elasticity couldshigh as unity, and might be considerably
higher. The lower the elasticity, the higher is tp&roal import tariff.

The various possible assumptions about supply and demasitieés gives a wide
range of possible tariffs, summarised in Table 1, whicintexpreted as follows. The three
columns of figures give assumptions that are cterdisvith low, moderate or high estimates of
the optimal tariff, which will depend on the oil port price including all the margins to deliver
to final consumers, and the determinants of theepeiasticity of final demand. If demand is
linear, then the backstop price anchors its pastiad, with the domestic taxes, determines the
elasticity. The High tariff column is consistenttivthe EU in 2002, with an import price of
$26/bbl, domestic oil taxes of $39/bbl, which wahbackstop price of $130/bbl gives an
elasticity of unity.

The optimal import tariffs are then calculated breé assumptions. The first two lines
assume Nash-Cournot tariff setting, when the ingosrthoose their tariffs at the same time or
after the producing countries have determined thajout. The first line shows the results with

07/02/05



Why tax energy? 15

linear demand — in the High tariff case giving $1Bbl. The second line gives the result
($4.6/bbl) assuming a constant price elasticitfinafl demand (in this case of unif;?)?l’he third
case assumes that exporters choose their outpitdéter the tariff has been set, and in the
linear case this is set to half the Nash case &/#31. The range of tariffs shown in the last line
takes the lowest of the Low tariffs, the averagelbthe Moderate tariffs, and the highest of the
High tariff.

3.2  Import taxation of gas and coal

Gas, like oil, is an exhaustible resource, and ondbk lof the previous section, might also
attract an optimal rent tax. The main difference leetwoil and gas is that to deliver gas to
market requires heavy investment in pipelines (or LN&ifi@s), and that until the pipeline
network is mature and connected to sufficiently manyedint producers, the market
relationship is more like bilateral monopoly than a cetitipe or oligopolistic market. Gas
has typically been very lightly taxed compared to mihinly because it is not much used in
transport (where the bulk of oil taxation falls), bpossibly to encourage a shift of
dependence away from oil and to support the developofethe necessary infrastructure.
Given that gas is often linked to the price of odrfularly for imports from Russia and in
LNG trade) one might argue that oil taxes depress tiice pf gas and as such gas is taxed.
This is unconvincing, as it begs the question at whatypgas prices are linked to oil. If
producers set gas prices on the basis of the consumermpde then the producers collect
the consumer rent extracted by oil taxes. Logicallypil is taxed to transfer rents to
consumers, gas should also be similarly taxed.

A more telling objection to an import tariff on gastlit it is hard to determine the
scarcity rent, and unclear whether it is sufficiergiygpreciable after taking account of
extraction and delivery costs to justify significans daxes on these grounds. Nevertheless,
the suspicion is that gas is indeed under-taxed relttio# on rent tax grounds, at least if the
EU (a major market for internationally traded gas)enanle to coordinate on a minimum gas
excise tax.

Coal is quite different, at least if one accepts tigeiment that reserves are extremely
large relative to oil and that costs are high retatiy value so that rents are negligible. Oil
and gas each had proven reserves of 15% of total yenesgrves in 2002, with coal the
remaining 70% (BP 2003). If the supply of coal is matldy competitive (the HHI of
production in 2003 was 17863,the supply elastic and rents negligible, then rexdtian is
irrelevant. If, on the other hand, supplies of cheaace mined coal are limited, and current
prices are affected by the current rate of use (anirexhaustible resource model), then
imported coal might also be a target for import taliéistheir equivalent). We shall return to
this after considering the impact of carbon taxes of i@ts on energy resource depletion.

4. EXCISE TAXES TO DEAL WITH EXTERNAL COSTS
The main external cost caused by energy use idaimage caused by environmental pollution.

Efficiency requires that the marginal benefit oingsthe fuel should equal the marginal social
cost, where the marginal damage cost of the poiighould be added to the marginal cost of

18 The large difference is partly explained by tobesiderable variation in the elasticity of the éinelemand at different prices. Thus if the
import tariff were 35%/TOE, the elasticity of demand assuming no otived at the domestic price of 235 €/TOE would B&,dmplying an

optimal import tariff of 115%/TOE.

% Surprisingly, the HHI of net imports is only 1226/en taking the EU as a single trading bloc
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production (and/or import, thus reflecting the ol tariff). This might be attempted by
command and control policies (standards, regulagtn), but market instruments, if they are
feasible and not too costly, are superior. Thervan market instruments are taxes (set equal to
the marginal externality damage) or tradable permithose price will be determined from
demand given the initial allocation of quotas. Hfalé permits (‘cap-and-trade’) are
increasingly used for area-wide pollutants sucB@s NOx, and CQ. Thus the EU Emissions
Trading Scheme (ETS) for G@ecame mandatory in 2005.

An efficient level of pollution will have equalityetween the marginal cost of reducing
pollution (either by abatement or reducing fuel)uaed the marginal benefit of reducing
pollution (which is just the negative of the maajidamage done by the pollution). If there is
complete information and no uncertainty, the effitilevel could be achieved either by issuing
the correct number of permits or setting the pigliutax at the marginal damage cost at the
efficient level. This equality of outcome breaksmtiounder uncertainty or with asymmetric
information. Weitzman (1974) started a lengthy delay observing that in the presence of
uncertainty, permits are only superior to taxegh# marginal benefit schedule had more
curvature than the marginal abatement schedule milght be the case if marginal damage
were low until some threshold level, at which potrguddenly increases. For most pollutants
the marginal abatement cost schedule is fairly dfad low for modest abatement, but rises
rapidly as a higher fraction of emissions is tabeailed, arguing for taxes rather than quotas.

There are two additional differences between ta@$ permits that are important,
although opposed. Pollution taxes raise revenueadlod/ other taxes to be reduced, thus
reducing deadweight costs. The so-called “doubl&deind” is discussed in section 6 below.
Permits could be auctioned to produce revenueatminormally allocated to those already
polluting, effectively to buy off their oppositidie the new policy. Thus the ETS requires that
95% of allowances are so allocated. We shall nesde for which other pollutants this political
economy argument is relevant.

The main damaging combustion products are partiz;'mIa(Pl\/io),20 sulphur dioxide
(SO and sulphates, nitrogen oxides (Jl@nd nitrates (the salts are primarily harmfuhéalth
in their small particulate form), various volatdeganic compounds (VOCS), other combustion
products such as carbon monoxide (CO), ammoniag)(N&kthd of course greenhouse gases
(GHGS). Figure 7 illustrates for the UK the rolediferent sources in the amounts of some of
these emissions, where the three major GHGg,(@@thane, and D) have been converted
into carbon equivalents and added. Carbon dioxmmunted for 80% of total UK GHG
emissions in 2002.

Ideally all should be taxed or charged for the dgerthey cause, which, with the single
but critical exception of C§) depends on the composition of the fuel, how itumed, whether
it is subject to tailpipe cleanup, and where anémtine combustion takes place. In the case of
CO, charging for the carbon content of the fuel eslthgical solution as the resulting damage is
directly proportional to carbon content. GHG asoalery long-lived pollutants, in contrast to
most other combustion products. Acid rain has lamgy impacts on sensitive soils, but its
precursor emissions, S@nd NQ, are the cause of the most costly damage to himaalth,
where exposure occurs in a relatively short peattdr emission. Because GHGs are global
stock pollutants, proper charging for the damagg ttause requires international co-operation
and an intertemporal perspective. Given its sadigiiichas attracted extensive analysis (e.g.

%j.e. particulates of size less than 10 micronsal®msizes may be even more damaging, but statisti
on their prevalence are less readily available.
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through the InterGovernmental Panel on Climate Geahttp://www.ipcc.ch), and the
following is a necessarily brief and incompletatnsent.

Figure 7 Emissions of air pollutants by source, UR002
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4.1  Carbon taxes and emission allowances

Greenhouse gas emissions contribute to an atmasggeck with a very slow rate of decay.
Higher concentrations raise the ambient averageagtlemperature with damaging impacts on
future populations and the biosphere. The damageilooted by emissions today is effectively
the same as those tomorrow, and so the marginafibehabatement is essentially flat at each
moment, while the marginal cost of abatement napglly beyond a certain point. The scale of
the hazard of global warming is very uncertain,aes the future costs of reducing carbon
intensity. All these are arguments for a globaboartax rather than tradable permits. Hoel and
Karp (2001) explore this question more carefullgicalibrated linear-quadratic dynamic model
of global warming and confirm this claim robustly.

The obvious problem is that there is no supranatiaathority to which countries would
be willing to entrust such tax powers. Instead Ky®to Protocol defines a target path of
emissions for each of the Annex 1 (largely devedppeountries, and then allows trading
between them to encourage efficient reductionsimvithis group. This would not stop each
country auctioning off permits (collecting the saregenue as a tax at the market-clearing price
on that level of emissions), but in practice thedpean ETS requires 95% of these permits to
be allocated or “grand-fathered”. If permits can bd@nked and borrowed (as with the US
sulphur cap-and-trade system) the inter-temponddoceprice should be arbitraged, but this
would not ensure that it remained constant evasresent value over time (as the volatility of
the futures price of storable commodities demotesja

If we continue with the question of how to set dabon price (whether by taxes or
permits), there is a potentially important intei@ctbetween the price of carbon and energy
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resource depletion decisions, just as there wasttimg the import tariff. Ulph and Ulph (1994)
reminded us that a constant ad valorem carbonrt@ostless oil has no impact on the time path
of extraction and hence no impact on carbon enmisdimm oil. The only way to reduce global
warming is to delay carbon release, so that natdemay of atmospheric GOreduces
concentrations, and in a world of rational resoupteducers, that means making future
extraction more attractive than current extractmripwering the rent now relative to the future.
Subsequent papers (e.g. Farzin and Tahvonen, T88&0nen, 1997) have elaborated the
standard exhaustible resource model to examinshifyge of the optimal time path of a carbon
tax, although these models all assume a co-operatiution (i.e. a comprehensive Climate
Change Agreement), thus avoiding issues of dynamisistencﬁ.l

Figure 8 Carbon intensity of energy consumption foiselected countries
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These models are also misleading in other waydyyfagnoring the importance of coal
and the impact that carbon taxes have on fuel ehbigy tend to understate the impact of such
taxes on the carbon-intensity of energy use, whashfigure 8 shows, shows considerable
potential for reduction. At some price of carboeguestration (notably in enhanced oil
recovery) becomes economic and further reducesatki emissions.

The evolution of carbon prices is more likely to lggvards, as the EU ETS cap is
tightened in the second period beginning in 2008nathe Kyoto Protocol enters into force,
and from 2012 when the Kyoto limits are to be revisifBae penalty for being short of EU
allowances i€ 40/t CQ until the end of 2007, but then rises€td00/t. Looking further ahead
emissions will have to be reduced much furthetabgl warming is to be seriously addressed.

2L Other writers have explored non-cooperative gaineshe context of the “tragedy of the
commons” in which the players act strategicallyeytare able to characterise dynamic consistent
solutions for stochastic games with stock extetiesli(e.g. Wirl, 2003; Rowat, 2000) but it is haod
translate their findings into useful policy guidanfor the Kyoto world of partial coverage (both
geographically and temporally).
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Rising carbon prices are plausible if there isesoaable chance that the ETS will succeed, the
threats of global warming are more widely heedeu] #the US accepts the need to reduce
emissions even if it does not sign the Protocoluld/a forecast of rising carbon prices have the
perverse effect of accelerating depletion, offsgtthe benefits of the carbon tax? This seems
unlikely compared to the alternative in which aidacoal use are depressed, gas use increases,
and nuclear power again becomes attractive. Aeptesoal is under-taxed and nuclear power
viewed with suspicion, neither of which seems soatde with a durable carbon tax (or
equivalent allowance price).

Deciding on what level to set the carbon tax is movmal (and would be needed even
under emissions trading to judge whether the emissiorslimaiti been appropriately set). The
range of estimates is considerable. A recent surveyk&arand Deyes, 2001) cites figures
for the social cost of carbon (defined as the levatasbon tax required to reach the global
optimum) ranging from $9-200/tonne of carbon (tC) @@ prices € 10-220/tC). Their best
estimate of the marginal damage of extra carbon (notraisgwoptimal emissions) is £70/tC
(€ 110/tC, 2000 prices) with a (rather arbitrary) ddefce interval from £35-£14C 65-
220/tC).

Karp and Zhang's (2004) paper represents statieeshitt quantitative analysis, taking
account of the stock nature of GHG emissions, taicgy and learning about the cost of global
warming, and asymmetric information about the costsbatement. They calibrate their model
for three values of the damage cost (measured dypdncentage reduction in gross world
product, GWP, from a doubling of GHG): low (0.3%duetion in GWP), medium (1.33%
reduction) and high (3.6% reduction. Given thesss;dhe optimal reductions in emissions in
the first decade would be 3%, 9.5%, and 22% re&dovBusiness As Usual. The optimal carbon
taxes for the three damage levels are per tonnzamion and 1998 US$, $6.7, $21.3 and
$49.3tC* These estimates are reproduced in Table 2 belpdated to 2002 prices and
exchange rates.

We can compare these figures with various policy prdpo$ae original proposed
EU carbon tax was set at $10/bbl (though as a pdlgé@apromise half was to be levied on
carbon content, and half on energy). Updatingtihaurrent prices, and retaining the
assumption that half should be levied on carbon yietds af€ 50/tC, consistent with
estimates of the marginal cost or the (higher end ¢fapemal tax. If we leave on one side
the selfish aspect of international negotiations, tremight argue that all EU countries
acting together ought to set the same carbon taxhanchis tax might be as high €§0/tC.
That translates into 4% of the 2001 EU (weightedyayetax on gasoline, 6% of that of
diesel, 34% of that of LFO for industry, and 25%lwdttfor heating oil.

These figures can also be compared with the opemicg of 2005 EU Allowances,
which at abou€ 9MCG correspond t€ 33/tC, rather lower than most of these estimates,
higher than all but the highest estimated optinagban tax. In Britain, Renewables Obligation
Certificates issued to certified generators of weige energy pay a premium60-70/MWh,
which equates to an implied cost of displacing earfsom conventional generation of perhaps
€ 450/tC (with a range from € 220-750/tC dependingvhich stations are at the margin). Most
of this subsidy is best considered a subsidy tmieg-by-doing rather than an implicit carbon
price.

2 The paper does not report the implied optimaésaxhich were supplied by Karp.
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Table 2 Carbon taxes and their impact with import @riffs on oil taxation

2002 prices
Carbon taxes $/tC Low  Moderate High
Damage AGWP/AGHG) % 0.3 1.33 3.6
Optimal carbon tax $/tC 7.2 23.0 53.1
Optimal oil tariff in $/bbl 3.8 5.9 15.6
Oil tariff + carbon tax €/TOE
Oil tariff in €/TOE 29 46 121
8 36 53 128
Carbon tay€/tC 24 51 68 143
56 79 96 171

Table 2 summarises Karp and Zhang's (2004) estsretel combines them with the
table 1 results on optimal import tariffs to givietaxes in€/TOE. The three columns of figures
give assumptions that are consistent with low, maideor high estimates of oil taxes. The first
two lines give the three different damage assumgpti@mpact on Gross World Product of a
doubling of CQ concentrations) and the implied optimal carboresaixi $/tC. The next line
repeats the range of optimal tariffs in $/bbl frtable 1. This is converted in&TOE in the
next line. The final block adds carbon taxes (esgd now ir€4C in the column at the left)

and optimal tariffs to give a range of possiblecomies. The lowest carbon t&8(tC)added to
the lowest import tariff (2€/TOE) gives the lowest combined tax of 36 €/TORe highest

carbon tax €56/tC) with the highest import tariff (121 €/TOgiyes the highest combined tax
of 171€/TOE, nearly five times as high. The median figaréd €/TOE.

4.2  Other emission taxes and prices

It may make sense to tax or charge fuels on tiugphsr content (with credits for abatement),
but other pollutants should preferably be charge@rissions, not on the fuel. Where this is
difficult or too costly, some combination of inpfel-specific taxes and environmental
standards may be second-best. The special taxm#atbf leaded gasoline is a good example
on a well-targeted input tax on a pollutant. Stagislare common for large plants (under the EU
Large Plant Combustion Directives 88/609/EEC andremmecently, 2001/80/EC), for sulphur
(under the Second Sulphur Protocol) and forx.NIhere are also various standards for road
vehicles. Tradable permits for N@nd SQ have been introduced in the US, and if carefully
designed are a superior tax-like solution for imidising these emissions externalities than
standards. The obvious problem is that the damage dy both is location-specific, and for
NOx, depends on daily weather (or meteorological) cambt so there is a defined NOx
season during which permits are required in some arehe 0fS.

Although politicians have frequently argued thaergy taxes, particularly road fuel
taxes, are to be justified on environmental grounsigh a few exceptions the case is
unconvincing. In most cases the taxes predateamagntal concerns, the taxes are not related
in any systematic way to environmental damage, thag do not meet minimal consistency
criteria for so doing. Coal is almost invariablg thnost environmentally damaging fuel, but it is
usually the least heavily taxed, and in many caemitits production is heavily subsidised
(Newbery, 1995). Transport fuels account for atiedly modest share of air pollution, with
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other fuels such as coal and heavy fuel oil alsdriauting to acid rain and particulates. Figure
7 showed the share of road transport in the totalyztion of these (and other) air pollutants in
the UK. Road transport is a major contributorhe total emissions of NQparticulates and
GHG, though not of sulphur dioxide, S0In all cases road transport causes less thérhieal
UK's emissions, and in the case of £8ingled out in the past as the reason for fuel ta
increases, less than one-fifth of the total GH&@®0 (though one of the fastest growing
components).

If taxes are to be levied on fuels or fuel emissjdhe damage caused will have to be
guantified. This is increasingly recognised, asitheates are available for the EUThe major
source of the social cost is the impact on hed#gwbery (1998) argued for estimating the
social costs of the health effects of pollutiondsgimating the number of quality adjusted life
years (QALYSs) lost through premature mortality andrbidity. These costs should then be
compared with what it costs the taxpayer to entiideHealth Service to achieve an extra year
of quality life and should be consistent with numsbesed elsewhere in health economics. This
would enable the money raised in environmental sawebe used by the National Health
Service to buy an equal number of quality life gdamm improved health services.

Recent work presented at a UN/ECE symposiline measurement and economic
valuation of the health effects of air pollutjdrondon, Feb 19-20, 2001 suggests encouraging
convergence in estimates of the costs of the mareading poIIutant%‘f Severe urban pollution
reduces life expectancy, andparmanentincrease in air pollution of 1()g/m3 of PMyo is
estimated to raise the daily mortality rate by 1 pet.cEhat in turn would reduce average life
expectancy in Britain by 34 days (weighted by thé&i®r age distribution and based on
current age-specific mortality rates). In order tcatelthe loss of QALYs to the annual
consumption of fuel, the correct calculation is thalttoss of QALYs for a one-year increase
in emissions, leaving future mortality rates at the baseston level.

Newbery (2004) argues that road transport may acc[mnn«u.4ug/m3 of PMyo in
Britain, causing a loss of life expectancy per persgposed to 0.21 days per year of
exposure. If we err on the high side and suppose tAatY® do not decrease with age (as
they do), and take the exposed population as all 3#&mpeople, the total QALYs lost by
one year's traffic particulate emissions is 34,000. If aeibute half to traffic (figure 7
suggests rather less, but most people have gegtesure to local traffic pollution that other
sources), then the annual loss from all particslatght be as high as 68,000 QALYSs.

If we work backwards from the value of a statidtide, the value of a life year lost
seems to be about £30-50,000. The UK Nationaltirtstiof Clinical Excellence was reported
(Times 10 Aug, 2001) as tentatively accepting a figurE®0,000 per QALY, suggesting a
convergence on the valuation side. If we take dlest figure for a QALY, then the cost of air
pollution (mostly from particulates) might be agthias £2 billion, of which half would be
attributed to road transport. If this is attributedabout 200,000 tonnes of RMemitted, the
implied average cost is £10,000/toriNelhis is comparable to the EU BeTa average rural
estimates for PM for the EU-15 of 14,000/tonne, although this estimate should akeddy

a factor of 7.5 for emissions in a city of 1 millioCorrecting for the relationship between the

% The EU has commissioned a series of studiestimate the social costs of various emissions, and
a recent set of marginal external cost estimatespeovided in BeTa, the Benefits Table Database
listed on the EC DG Environment website.

24 The NEBEI website of the conference isitib://www.unece.org/env/nebei

%% particulate emissions are falling rapidly, fron®&t in 1998 to 160 kt in 2002 (Defra, 2004).
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weight of PM s which is only about 70% that of RM(using US EPA data) the BeTa estimates
averaged over the population appear high. It wbaldnwise to take these figures as definitive,
as other estimates suggest an extremely wide rdihgs. EPA (1996) gives an extremely wide
range for the marginal damage from $500 to $13t60@in 1995 $). As the level of particulate
emission depends critically on the form of comlmrstand tail-pipe controls, it is unlikely to
make sense to levy a fuel tax to internalise tloests.

The EU BeTa figures for SGand NQ are very high with rural EU averages of 5,200
€/tonne and 4,200 €/tonne respectively, again haitje multipliers for urban are&d5The BeTa

figures imply a cost of 10.8/kg of sulphur, which for heavy fuel oil with 3%lghur would
imply a marginal damage df 312/tonne HFO, substantially more than its imgmite.
Dubroeucq and Ellerman (2004) report average tr&d@drices in 2002 of $150/short tof (
175/tonne). The average US-wide price from 1998 th& end of 2003 was $167/ton, but rose
to about $450/ton in 2004 with the announcemetigbfer future limits (and banking), ending
the year at $700/ton, with forecasts of around #68q400€/tonne). EPA (1996) gives a range
for the marginal damage of $375-2,000/ton (aga@951$). Taxing fuel on sulphur content
makes sense, with rebates for clean-up (such asdds Desulphurisation). At 46¢onne SQ
(800€/tS), 3% HFO would impose a damage of 24 €/toNioge that traded prices at best give
an estimate of the marginal cost of abatemmeaithe marginal damage.

NOx prices are considerably more volatile as theyspeific to air sheds and are time
limited with less opportunity for banking. Thus ohgr the California electricity crisis of
2000/01 East Coast prices were around $400/tonrdathed a peak of $80,000/ton in
California (Laurie, 2001). This reflected temporacgrcity (and possibly market power) caused
by tight time-limited quotas, and illustrate thendars of setting “quantities vs. taxes” in
Weitzman'’s phrase. The N@udget Program for Northeastern states begand, iSposed a
lower cap in Phase 3 of that program from 2003vaasl geographically extended westwards in
2004. In its 2003 report (EPA, 2004) reports futprees, showing a convergence to a range
from $2000-$3000/ton in 2004, as figure 9 shélvs.

The cost of clean up for power stations lies i tlinge for Urea injection, although
low-NOx burners may have marginal costs in the range $6,@M00/ton. These prices or costs
seem high compared with the EPA (1996) estimatedjime damage costs of $10-122/tonne.
Again the wide range casts doubt on the precisith which we can estimate the marginal
damage of these pollutants, and as with particsjlagenissions depend on combustion and
control equipment and so is not best treated logktdx.

Figure 9 US NQ Budget Trading prices for various vintages

%6 A considerable part of the cost may be attribletab damage caused by particulates formed from
sulphates, and hence already included in that @#8tpugh for taxing sulphur they should be
properly attributed.

" | am indebted to Denny Ellerman for the datafifgure 9.
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Even if we take the (high) BeTa rural figures fodR, SQ and NQ of € 14,000, 5,200
and 4,200/tonne, the UK 2002 emissions factorsofbrwere 0.55, 1.9 and 11.5kg/tonne
respectively (DEFRA, 2004), suggesting emissioneggor their equivalent) ¢ 8, 10 and
48/tonne for the three pollutants separatel§ 66/tonne together (of which 73% is attributable
to NQ.). The emissions factors for coal are 1, 21 an8 8§BTOE, with BeTa costs & 14,
109, and 37/TOE, adding to an implausibly high gatf € 160/TOE, over four times the

average import cost of coal. This supports thentléhat there may be a considerable
exaggeration in the BeTa estimates.

4.3  Sumptuary taxes and distributional arguments

The most obvious reason why gasoline is singledartteavy taxation is that in Europe, high
fuel consumption can be argued as wasteful angptadae to tax (and because it is so easy to
conceal the actual tax rate). Heating oil, domesdiaral gas use, and domestic electricity are in
contrast (income) inelastically demanded (see fuetf), and in colder climes, such as the UK,
fuel poverty (defined as spending more than 10%adme on energy) is a serious issue (with
20% of UK households fuel poor in 2000). The exicagst to low taxes on domestic heating
fuels are interesting: Italy and Greece, perhags éfficient at collecting other taxes (at least
when the current tax regime was chosen) and witbitelganean climates, Denmark (carbon
tax) and Sweden (heavily reliant on cheap hydrotedity for heating), have higher taxes on
these fuels.

The theory of optimal taxation sets out conditiander which consumption tax rates on
goods and service should be uniform, in which d¢hsee would be no case for differential
consumption taxes. These conditions are stringemtitb many cases difficult to reject
empirically (Deaton, 1987). If there is an optimah-linear income tax, individuals differ only
in the wage rate, and the direct utility functian) has goodsx, weakly separable from labour,

L, (sou(x,L) = u{ @x),L}), then optimal indirect taxes are uniform (Miele 1979; Stern,
1987).
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Weaker conditions not assuming optimal income taxatigrlyapith linear Engel
curves and weak separability between leisure and g(iodaton and Stern, 1986). The
argument that separability removes the case for diffi@fecommodity taxation is that, in
such cases, the only determinant of the supply of laisoile cost of goods consumed, and
this is minimized when relative prices are undisturbdte ase for differential commodity
taxes therefore requires that separability breaks dmwmhich case there is an argument for
more heavily taxing goods that are complementary wiute (Corlett and Hague, 1953).

If we consider the argument that domestic heating @ad)electricity are both price
and income inelastic and are therefore attractiveestjfor (relative) subsidies (i.e. lower
rates of VAT, as in Britain), then unless it can be gholat lowering their price increases
the willingness to work, the efficiency case is weakvduld be more efficient to achieve any
redistributional goals through lump-sum transfers or ke dxpenditure side of the budget.
This appears to have been partly recognised in Brivanere the Government now provides
winter fuel payments automatically in cash to those twerage of 60.

4.4  The special case of coal

Coal is nominally untaxed except in Denmark andafith, neither of which mine coal. Coal
production has until recently been heavily subsuisn most significant coal producing
countries, and until recently the protection wasvjgled by a combination of hydrocarbon taxes
and above world-market domestic prices. In theye&f90s, Germany had the largest
indigenous coal industry and one of the most ptetem Europe, as measured by the producer
subsidy equivalent (PSE) per tonne. Thus IEA (1988) estimated Germany's PSE as
$105/tonne coal produced in 1992. Germany alsibtpai highest prices for coal for generation,
and had the highest industrial electricity pricéeBhe UK had the lowest PSE/tonne of the
European coal producers ($18/tonne of coal in 1%@@)one of the highest coal prices for
generation. Interestingly, it also had one of tbedst industrial electricity prices of coal-
intensive countries, as British coal was protebigtigh contract prices with the generators that
were passed on primarily to non-industrial custean&pain had an even more protected coal
industry. Newbery (1995) estimated that the PS&edhthe effective domestic price for coal
producers about 450% above import parity in Spaampared to the IEA's estimate of 100%),
about 250% in Germany, and about 50% in the UK.

Since then, the system of supporting coal prodpdees in Germany has changed so
that industrial consumers (mainly power statiora) buy at import prices. Coal-backed power
generation contracts have essentially ended inlJKkeso many of the past distortions have
disappeared. On the other hand, the Climate CHamgein Britain has been carefully designed
not to be a carbon tax, but an energy tax, andrieigeis taxed on production, not inputs, to
protect coal. In addition a natural gas moratonuas imposed in 1998 to prevent the building
of gas-fired Combined Cycle Gas Turbine (CCGT) gatn®gy units, and hence protect the
market for coal (but not necessarily for Britishaljo Coal escapes carbon taxes (except in
Denmark) which a€ 100/tC would be abod 67/tonne for bituminous coal. Import prices into
the EU were $35/tonne or abduiO/tonne in 1999, so a carbon tax of 167% of toelycer
price (but specified a& 100/tC) could be justified. Clearly coal is stikated rather leniently
compared to most other fuels.

4.4  Summary on emissions charges and energy taxes

The main case for taxing fuel for the pollution dey®a it causes is that it is the least-cost way of
reflecting the external costs. The best caseag art carbon content, as global warming damage
is directly proportional to carbon content. Thenttdnere is away from explicit carbon taxes and
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towards emissions permits, which is less satisfa¢tom an economic viewpoint, even if it is
understandable as part of the multilateral Kyotacpss. Taxes on sulphur content with rebates
for abatement may be less costly and more compsafgenhan global emission permits,
although permits could in principle be made moreetiand location-specific if damage
variations warranted such fine-tuning. The mairectipn to cap-and-trade solutions is that the
price may depart significantly from a plausibleireste of the marginal damage cost, but that
could be addressed by gradually reducing the nurobgrand-fathered permits and issuing
additional permits at a fixed price. The presestesy of tradable permits and fuel standards for
dispersed sources may remove most of the casedagyetaxes for this reason. The case for an
energy tax to internalise N@amage is even weaker, as permits and standartieter able to
reflect the damage done by the actual emissionshande better able to encourage optimal
abatement.

5. ROAD FUEL TAXES AND ROAD USER CHARGES

Road fuel taxes can be justified to a consideraktent as road user charges (Newbery, 1988,
1990, 2004, Newbery and Santos, 1999), pendingdhigcal and technical development of
more finely targeted road pricing. Fuel taxes atatively blunt instruments, for whereas fuel
consumption per km increases in congested urbaditmors (by 50% relative to uncongested
roads)z,8 marginal congestion costs can exceed fuel taxesfagtor of 20 or more there, while
interurban car travel is typically substantiallyeasharged. Nevertheless, a case can be made
that on average road users should pay the avestajecost of road provision (primarily road
damage, maintenance, and interest on capital), ggstother users of privately owned
infrastructure (e.g. electricity and natural gasmismission) must pay a regulated, usually price-
capped, charge that covers such costs. Note thatabe for an additional scarcity price to
reflect marginal congestion costs must rely oneeitimefficient undersupply, or significant
diseconomies of scale in road building (Newberg9

Although the long-run marginal cost of expandingd® (or the scarcity price where this
is infeasible) might be expected to differ acramsntries, there is little evidence that road taxes
are set to charge this long-run marginal cost. Nbekess, there are strong arguments for
proposing that, until better instruments such &l rpricing are available and accepted, road
fuels should be set on this basis. Using UK dagyidéry (2004) argued that the road cost
alone might be 2.6 p/km in 2000, or 4 Eurocents{RA00 pricesf’ That would translate into
€ 400/'000 litres for gasoline, and perh&#s00/'000 | or more for dies%q.Setting equal tax
rates on gasoline and diesel can be defended Balaemce is collected through annual licence
charges. The EU average (unleaded) gasoline 260h was 577/'000 litre, for the UK was €
815/'000 litre, and the minimum required by EC Biiree 92/82/EEC was on§ 287/'000 litre.
The average diesel rate wagt43, for the UK was €65, and the minimum requirement was

%8 http://www.fueleconomy.gowives fuel consumption for 2004 year autos, aedyhical ratio of fuel
consumption of city to highway driving is 1.33. Feensumption rises rapidly as speed drops below
35mph (56kph) and is twice as high at 5mph (8kghgts80mph (50kph).

? The largest uncertainty is about the capital valuae road network, which is taken%20 billion
for the UK, with interest calculated at 6% real.

% For diesel cars, Eur 540/'000 |, and for heavyioleft much would depend on the balance between
the annual vehicle excise duty, which can discrat@nbetween vehicles on the basis of their road
damaging impact, and fuel duty, which is less we#igned for that purpose.
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€245, all per thousand litres (EC, 2001b). It isdnto justify the under-taxation of diesel
relative to gasoline. Diesel is both more pollutiagd used by heavier vehicles that cause more
road damage, but diesel engines are more fuelesfficUnless diesel vehicles use congested
areas relatively less than gasoline vehicles, hehnitax per litre would be justified to achieve
even the same charge per km.

If environmental taxes are levied on road fuelswiasld be logical for carbon, sulphur
and lead) then the price of fuels will be highertly amount of these taxes. Newbery (2004)
estimated the sum of air pollution costs at £116ohi (€ 2.6 bn), although using the BeTa
(average rural) figures and DEFRA (2004) allocatmdrpollution to transport gives a rather
higher figure of€ 4.4 bn. Water pollution costs were estimated’&0fm and noise pollution at
£1.3 bn. If the carbon cost were taken on the kida at€ 50/tC the carbon tax would collect
£1 billion, making the total road fuel charges &dE16.6 bn. That compares with the 2000
total from fuel tax of £22.3 bn, and from all raastes (but excluding VAT) of £27.7 bn. Road
costswere thus only 60% of UK rodexes

One appealing method of setting such road usegebas to devolve responsibility to
an independent regulatory agency (as is done famgethe charges for using other
infrastructures, such as the electricity grid aad gipelines). The charges would then be set on
similar principles (to recover operating costs udahg maintenance, as well as interest and
depreciation on the replacement cost). As more istigdited forms of road pricing are
introduced, they would replace the road user chaleyaent of road fuel tax (and vehicle excise
duty) on an equal revenue basis, minimising theugt®on to both voting motorists and the
budget. It may also be possible to discriminatevbeh more and less polluting vehicles
through the annual vehicle license fee (which gdbietype of vehicle).

If we return to the question of the justifiablealotax on road fuel, we need to add all
environmental taxes and optimal import tariffsalf the estimated UK environmental costs
(excluding any carbon tax) were loaded on to faeds, it would add an ext€a95/'000 litres to
gasoline an& 165/°000 litres to diesel (which emits more BMIf carbon were charged at the
ETS price of€ 33/tC it would add € 29/'000 litres, or less ti&# to the total road user charge.
The object of the oil import tariff is to reducensomption of crude oil. As both crude oil and
products are traded, the object would be to rethe¢otal demand for crude oil at least cost to
consumers. If the demand for HFO is more pricetieléisan the demand for lighter fractions,
this would imply a higher tax per tonne on lightiean heavy products. If the optimal EU oll
import tariff were taken as an intermediate valti€ 40/TOE (i.e. the moderate tariff case in
Table 2), and if gasoline and diesel were subart import tariff twice as high as heavier
fractions, then the effective tariff on gasolinel aliesel would b& 48/TOE or about € 38/'000
litres.

The pre-road user charge gasoline tax (coveringnaibsions and tariffs) would then be
€ 95+29+38 = 162/'000 litres, and the justifiecataasoline fuel tax would then be € 562/'000
litres. For diesel the non-road charge element s&vbaf 165+29+38 = €232, giving a total road
diesel tax of€ 732/°000 litres, although in both cases sometibaccould be recovered from
annual license fees. At these (high estimates pdjopriate tax levels the UK would still be
overtaxing both road fuels. If we take a lower wyati import tariff of€ 29/TOE these taxes
would be reduced b§ 10/'000 litres, and other EU countries would ki# e undertaxing

diesel (and most would be undertaxing gasolindgssrithey have high annual license fees.

5.1 Interactions between road user charges and othéuel taxes
The effect of charging all road users the averagd and emissions cost by a fuel tax would be
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to cause road users to invest in more fuel-efftoiehicles. In order to charge the same amount
per vehicle-km as before, road fuel taxes woulddréeebe higher than if road users were

charged by other means, such as the electroniceteviow used on trucks in Germany

(Newbery, 1992). On the other hand the distortipiasts of charging for road use through fuel

taxes rather than road pricing, and for pollutiom fael rather than emissions argues for

reducing the rates of tax somewhat (as discusssetiion 6 below).

5.2  Other reasons for taxing road fuels

Parry and Small (2002) claim that additional taxai®justified by the impact of road user
charges on labour supply. They argue that if leisarevéakly separable in utility, then
personal travel is a relatively weak substitute fosue if the expenditure elasticity for
distance travelled is less than one (which, in devel@oeintries, is normally the case). That
provides a case for relatively higher taxes on tralat, there is an additional effect to
consider. Congestion increases the costs of travel td, veord road prices that reduce
congestion therefore increase labour supply and hedcee the distortionary costs of labour
taxation. They claim that there is an additional fiefieom reducing congestion over and
above the pure efficiency effect, justifying yet mayasoline taxation. However, if road
capacity is optimally expanded to maintain an efficiemel of congestion and if road users
are already charged the long-run marginal cost of lgupgad space, then there is no
additional charge.

Parry and Small (2002) estimate that the Ramsey compohéme¢ optimal gasoline
tax would be 6—7 US cents per litre®a00/°000 litres. The congestion feedback would be
0.3-2 cents per litre (the low figure being for th8A, the high figure for the UK, neither
arguably applicable). Their estimates of the optimaolyae tax (including accident and
pollution externalities but with carbon tax at $5/#0d ignoring any optimal oil tariff)
amount to US (2000) 95 cents/US gallén300/'000 litres) in the US and €530/°000 litres i
the UK.

6 EMISSIONS TAXES AND THE “DOUBLE DIVIDEND”

If externalities are dealt with by tradable pernatsl if these are allocated free of charge to
incumbent firms, as with the ETS, these firms e#ljoy a rent transfer compared to the case in
which the external costs are addressed by corestetkation. Some economists have argued that
imposing environmental taxes can deliver a “doubledend” — double because they first
improve efficiency by reducing pollution to optimatvels, and in addition allow the
efficiency of the tax system to be improved by reduaimmgre distortionary taxed. The
discussion of the Ramsey corrective case for additiomall taxes considered above is
different in that would apply even if the tax systenerev otherwise optimal, whereas
proponents of the double dividend start from the cltiat the existing tax system is sub-
optimal.

There is considerable confusion created by the modeld teselemonstrate the
existence of a double dividend. Note that any reptasge agent fiscal model misses the
main point of distortionary taxation, which is to agll issues of equity, so any argument
deriving a marginal cost of public funds from such modeléatally flawed™ If the tax
system is optimal, then the sole additional benefit frastlupon taxes lies in the small

% For discussions of the double-dividend hypothssise.g. Goulder (1995) and Smith (1998).
% If there is a single agent the optimal tax is pusam.
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overall reduction in taxes that the extra revenusedaallows (apart from the case of non-
separability considered abov?)lf the tax system is not optimal, it needs to be showyn wh
pollution tax revenue can be better targeted amigied particularly distorting taxes while
other tax revenue sources apparently cannot. Cortgiiie Government could be aware
that a particular tax were inefficient (e.g. tax@ssavings) but might be reluctant to reduce
such a tax if it meant raising another tax, from wtiteére would be bound to be vociferous
losers. Perhaps public opinion would allow a virtuoodiupion tax that could relax this
constraint while they would be unwilling to accepbther, less distortionary tax change.

In some cases there are potentially clear advantagesiimg emissions rather than
allocating tradable permits, even in a certain waifiiére the Weitzman uncertainty argument
is irrelevant. The ETS scheme will raise the cost of malgcarbon-based electricity
generation, and in a liberalised electricity markaise the market-clearing price. If, as seems
likely, the marginal generation is more carbon intemdivan the average, there will be
additional inframarginal rents to incumbents until yrdf new capacity restores long-run
equilibrium. If in addition generators receive permit@t can be traded, they will be
compensated for most of the extra costs and will enjoyhal extra revenue from higher
prices as a windfall. The impact will fall on tradaleleergy-intensive industry (particularly
aluminium) and final consumers. Provided new capacittsallocated permits, output and
investment decisions need not be distorted, but the rGment will have foregone a sizeable
quantity of revenue (£1.6 billion at the 2005 EUAcp in the UK, or 0.34 of 1% of tax
revenue) that could have been used to increase tepefreduce taxes. The distributional
impact is roughly the effect of a lump sum tax on afistomers financing a transfer to rather
rich share-holders, and as such is unappealing, even & positive theory of instrument
choice (see Aidt and Dutta, 2004) it is likely (amdig a costly constraint on feasible tax
reforms).

7. THE CASE FOR HARMONIZATION

The standard case for harmonizing taxes within stoons area is to reduce internal trade
distortions and enhance welfare, and possibly doate on a common effective external tariff
(particularly relevant for oil). That becomes evaore important with capital and labour
mobility, as in the EU Single Market. If so, théxe fprime concern would be with differences in
tax rates on inputs to production, and possiblycamsumer products where consumers can
arbitrage across frontiers (as with road fuels neantry borders).

The CEC commissioned a paper on the impact oftéxaltion on technology choice for
the Green Paper on Energy Security (EC, 2001a, A@heThe aim was to see whether fuel
taxation distorted the choice of technology for newestment compared to no taxation (not
compared to the appropriate level of carbon talkg paper studied power generation, industrial
steam raising, household space heating, and pitease using tax and price data for 2000 and
found surprisingly modest distortions. For domespace heating Ireland and Spain are
dissuaded from using gasoil instead of the moreélyc@sre-tax) natural gas, but otherwise

¥ The formulae for optimal pollution taxes are aféetby the presence of distortionary taxes in quite
complex ways, as Atkinson and Stiglitz (1980, 14itd 16.2) demonstrate. In a similar vein,
Bovenberg and de Mooij (1994) argue that distortipriaxesreducethe corrective tax compared to
the simple Pigouvian formula. One interpretationthst imposing the Pigouvian tax without
recognising its interactions with the rest of th& system wouldeducewelfare (compared to the
correct tax), the apparent opposite of a doublaldind (but see Fullerton, 1997).
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natural gas dominates pre and post-tax. Belgiurande, Germany and Sweden encourage
diesel-powered cars instead of the preferred gesgowered cars at 18,000 km/yr, though
excises have no effect on the least-cost choit8,800 km/yr.

Even where fuel excises do not affect the choicéeohnique, their differing level
affects the cost of production and hence potentihditorts trade within the EU. Very different
diesel prices may favour foreign compared to doméstulage (as argued in the UK) and may
fail to properly charge for road use costs whenickes transit without refuelling. There are
other solutions to these problems, such as vighdite there are also strong pressures from the
Commission to harmonize road fuel taxes to avoidenhoreaucratic and intrusive alternatives.

Apart from road haulage, where fuel excises (aretrovehicle excise duties) are a
significant fraction of production costs, and a fewergy-intensive industries (metallurgy,
fishing, some chemical processes), energy taxes aiatively small fraction of the final price,
and are unlikely to lead to major trade distortidngnany cases, even at current natural gas and
carbon prices, natural gas is so obviously theepiedl choice where feasible (which rules out
transport), that high oil and low coal taxes halatively minor effects. That could cease to be
true if natural gas prices were to rise and coaeve become the preferred fuel for power and
steam raising. At that point the lack of intelligeaxation could have adverse effects, though
the strict environmental constraints placed on bomhing in large combustion plants and the
ETS may offset this risk. Moreover, natural gasaiguably the one fuel where a security
premium (perhaps via the requirement to hold adeqnatural gas in store) might well be
justified, suggesting some benefits from a moremat approach to energy taxation.

This leads to the final argument for harmonizingta If there is a logical set of energy
taxes, and if these hold fairly uniformly across #U (as they do for carbon taxes, and might
approximately at least for road user chargingy tmest countries should have similar tax rates.
The main reason why this might not be the caskaisthe Diamond-Mirrlees argument of not
taxing inputs assumes that it is no more costlgaltect value added than input taxes. Energy
taxes are particularly cheap to collect, so it mvayl be that in less tax-compliant countries they
remain an advantageous instrument compared to \rllfoaincome taxes (Newbery, 1997). If
different EU countries face different collectiordazompliance costs, they may well be advised
to choose different energy tax structures, quitgtapom the political opprobrium attached to
changing the existing form of tax collection. ELergy taxes score quite well on the “silence of
the plucked goose” test.

8. IMPLICATIONS FOR THE ELECTRICITY SECTOR

Coal was heavily protected in the EU until reldivecently, but in most countries is now
priced at import parity, although in some count(eeg. Denmark, Sweden) attracts a carbon
tax. Heavy Fuel Oil (HFO) has been taxed at veifgmint rates across the EU and is an
important electricity fuel, as figure 2 above shdwlaght fuel oil is potentially important for
peaking plant (open-cycle gas turbines), and ig eavily taxed. IEAEnergy Price and Tax
data of gas tax rates very spotty. In 2001, 45%esftricity was generated from fossil fuels in
the EU, 28% from coal, 5% from oil, and 13% frons.ga

The effects of differential fuel taxes into eledty generation is potentially very
distorting, although trend towards a single elettyrimarket mandated by the EU Electricity
Directives has put considerable pressure on mesth&s to harmonise their electricity fuel
policy, notably for coal. EU emissions standardd #ime ETS create further pressures for
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harmonisation. Perhaps as a result, some of tlemoatdistortions now appear less serious, as
the previous section suggested, while the moverttssaadable permits for the more important
power plant emissions should further erode thefereintial effects. Targets for and subsidies
to renewables are best treated as mechanismandinguthe public good aspect of learning-by-
doing, rather than potentially distorting (negativaxes. Outside the EU, electricity is only
traded to a limited extent between countries, andrne might argue that tax harmonisation of
electricity fuels is less critical than for tradgolods. Aluminium, however, is highly electricity-
intensive and internationally traded, and will fieeted by differential tax treatment of carbon
across countries (less so by fuel taxes, as mastiilm is hydro-based, although fuel taxes
will affect the marginal cost of electricity in ticreasingly integrated EU electricity market).

9. CONCLUSIONS

Most energy taxes are excise taxes that fall odymers. Standard arguments imply that taxes
should be concentrated on final consumption, rgiie question addressed here of why energy
should be taxed? Three justifications for energgisextaxes have been advanced and have
merit within the EU and also for the US — as annogitimport tariff, where each trading bloc
has considerable market power, as a carbon tagwvadent permit charge to reflect global
warming, and as a second-best method of chargihigles for road use. For the EU and the
US, the combination of the optimal tariff and carltax suggest oil taxes of between 36 to 171
€/TOE with a median value of 79 €/TOE (or 26 UStsiJS gallon of gasoline). If road fuel
taxes are intended to cover road costs, the gastlin(including the optimal tariff and carbon
tax) might be as high as 566000 litres (2002 prices, or $2/US gall.)

The fourth justification for using energy excisges is to correct failures elsewhere in
the tax system (primarily failures due to inconre éaasion), although the “double dividend”
argument is suspect. The related argument thagemaxes on consumption (i.e. differential
rates of VAT on energy as in the UK) can improwe ddistributional impact of the tax system
also relies on the inadequacy of the income taxoarzenefit system. That is not to deny that
politicians often defend distortionary energy taxes distributional grounds, but the public
finance case is usually weak. The opposite arguthahbecause some fuels are price inelastic
they should be heavily taxed on revenue raisingrgis is equally invalid, given full coverage
of direct and indirect taxes, although it has s@ppeal if tax evasion is a serious problem
(Dixit and Newbery, 1985).

Global warming argues for a carbon tax, but pdalitiexpediency and the need to
decentralise the public good of reduced GHG emmssiavours emission trading schemes
rather than fuel taxes. These are also attractives©® and NQ, where the damage caused
depends on the extent of clean-up and possiblp@atibn and time, so the permit markets can
be made regional and time-limited. Emissions cleggdaxes rather than fuel taxes are in any
case potentially better targeted on the harm dohe.inefficiencies caused by emission price
volatility can be reduced by allowing inter-temgdrades, although the loss of tax revenue has
fiscal opportunity costs (Bovenberg and Goulde©20

Fiscally the most important energy taxes are tloossad transport fuels. They can be
defended as a second-best mechanism for chargingai® use and environmental damage. The
European Commission adopted its Transport WhiteeiPap the future of the common
transport policy on 18 July 2001, which sets out\a nharging policy:
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The principles for infrastructure charging will bégned and fuel taxation for
commercial use harmonized. The integration of eslercosts must also
encourage the use of modes with a lower envirorsmhémipact and facilitate
investment in new infrastructure. The current Comityurules need to be
replaced by a modern framework for charging infrastire use.

Until more efficient charging methods are evolves| taxes will continue to play an
important part in charging for road use. The twam@aguments for harmonizing commercial
road fuel taxes are that it will discourage taxiteage between countries and encourage the
adoption of sensible road tax policies. It seerkslyi that the efficient levels of road user
charges are more similar across the EU than thseprepattern of diesel taxes (whose
unweighted coefficient of variation, CV, was 22%2001). The same arguments apply with
somewhat less force to gasoline taxation (CV 1%&jhis falls primarily on final consumption.
The main distortionary effect of differential gaseland diesel taxes is the inappropriate choice
of diesel for passenger vehicles. This can be disged by increased vehicle excise duties on
diesel cars.

The other striking feature about energy taxatiothéslow taxation on coal relative to a
sensible carbon tax policy, and the very variablees on LFO and HFO. Natural gas is also
relatively under-taxed compared to its main sulist# in power generation, which, given the
heavy import dependence on insecure supply souisespmewhat surprising. Protecting
domestic customers from high energy taxes is paliyi understandable in colder countries
where fuel poverty continues to be a serious prop@though targeted subsidies are preferable
and feasible. Ensuring efficient relative pricegpoiver generation fuels is a logical counterpart
to pressures to integrate the single Europeanrieigctmarket. The ETS, by creating an EU
wide market for CQwill go some way to addressing these failures,amght to prompt a more
systematic rethink of at least European energytitaxa

There is always likely to be political resistanoeshergy tax reform, either from voters
or finance ministers. The UK collects substantadess revenues from energy taxes compared
to the EU proposals, and the Chancellor of the Egubr has indicated that they are justified
for financing social expenditures on health andcatian. Countries that have to raise their
transport fuel prices risk arousing the organispgosition of transport operators with the
support of the motoring public, as was demonstrdtachatically in Britain and France in 2000.
Nevertheless, as energy markets become more itgdgi@nd permit trading becomes more
common for addressing pollution problems, pressimelarmonization will continue and may
lead to steady, if slower than desired, convergence
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Appendix: Deriving the optimum Nash-Cournot import tariff

Let V'(p + 7) be the money value of utility for a consumer duistry;j facing a domestic price
of oil p + 7. If the country produces an amoynof oil, then the total welfare of the country is
W = Vi(p + @) + p.y + 7 ¢. By Roy's identify,d = Vi, where the subscript indicates the
derivative with respect tp.

The optimum tariff at datecan be found from the first order condition

ow ap
a_—(Vp y) 'TV pp(1+ arj O’ (Al)

suppressing references to time and country. Onasimption that producers (including
producers within the country) have already madie theput decisions at the moment tariffs are
chosen, total supply at ddteX(t), is inelastic, but supply must equal total dem&nd

x:-zvip. (A2)

This can be differentiated with respectjt(noting thaiX is independent crf) to give

(A3)

This can then be used in (Al) to solvedor

~ )/+Vip — yi_qi

2Vh  Saqiep

J# i7i

(A4)

For the linear case in whidll = Y2dB(p* - p —7')%, consumption demand is given gy = «
B(P* - P —T), whered' is the share in untaxed outpQt= B(p* - p), the formula for the tariff is

r'=(a'-y/Q)(p* -p).
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