Why tax energy? Towards a more rational policy
David M Newbery

The same fuels are taxed at widely different ratesdlifferent countries while
different fuels are taxed at widely different ratgtghin and across countries. This
paper considers what tax theory has to say abdigierit energy tax design. The
main factors for energy taxes are the optimal taxifjument, the need to correct
externalities such as global warming, and secorst-lbensiderations for taxing
transport fuels as road charges, but these areegadte to explain current energy
taxes. EU energy tax harmonisation and Kyoto sugthes the time is ripe to
reform energy taxation.

INTRODUCTION

Fossil fuels are exhaustible resources that are ptimme human
contributor to the stock pollutant, carbon dioxi&0,), the main greenhouse
gas. Oil reserves are concentrated in geo-polyicsgnsitive countries, and
managed, with varying degrees of success, by tHeCOdartel. Oil price shocks
have global macroeconomic significance and oilsiseatial for transport, which
in turn is essential for modern economies. Domestiergy consumption is
income inelastic, and so its cost bears relativedye heavily on the poor than
the rich, leading to political concerns about “fyplverty”! Coal has lost its
earlier dominance to oil and increasingly gas, totinues to employ large
numbers of well-organised labour in many countri@sal has higher damaging
pollutants per unit of energy than other fuels, &lad been put under further
pressure by the trend to address emissions througfket instruments. The
European Emissions Trading System (ETS), which een trading forward
CQO;, allowances since 2003, is perhaps the best exarpligs start date, the
2005 carbon price quoted on the ETS would incréfasden-year average cost

" Professor, Faculty of Economics, University of ®Gsidge, Sidgwick Avenue, Cambridge, England
CB3 9DE (E-mail: dmgn@econ.cam.ac.uk). | have draeavily on joint work with Larry Karp, to
whom | am greatly indebted, and also for his cakiois on carbon taxes. | would also like to thank
Toke Aidt, Denny Ellerman, Hill Huntington, Colinoat, Ken Small and Campbell Watkins for
comments on and help with the paper, with the utigalaimer.

! The UKFamily Expenditure Survelpr 2000/01 shows expenditure of gas and elettras 6.1%
of total expenditure for the bottom quintile of tineome distribution, and 1.9% for the top quintile
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of imported coal by 60%.

For all these reasons, energy is a politically s@assubject, and at
various times most countries have felt the needrtrulate (or redefine) an
energy policy. In a market economy the natural esgion for such a policy lies
in the various taxes and subsidies that impact oergy production and
consumption decisions, although licenses, standandsregulation also play an
important part. Given the diversity of concernsisiperhaps not too surprising
that energy taxes are so variable, across fuelstges and over time. The
question this paper addresses is whether the pasiciples of public finance
can introduce some order and rationality into srdssions of how energy taxes
might rationally be set. That is not to deny thaamging taxes is always
politically fraught, and different polities willid some changes difficult, if not
almost impossible. Nevertheless, the recent tremards explicitly charging for
external energy costs, through prices determineenhigsions trading, requires a
reconsideration of the pricing and taxation of ggewhere such principles may
provide better guidance than past ad hoc interoesti Positive theories of
instrument choice can go some way in explaining dbserved trend from
command and control to tradable permits or taxes ¢@&idt and Dutta, 2004),
and the conditions likely to favour tax instrumerasd they support the pressure
for a more rational approach to the choice of imagnts as environmental
standards become increasingly demanding.

Evidence that there is remarkably little agreement how heavily
energy should be taxed is readily available. Thegewide divergence in excise
taxes on the same fuel in different countries asd an different fuels within
each country. Figure 1 shows the variation in gdige taxation across various
OECD countries in the tax per tonne oil equival@®E) in 2002 The average
EU tax was 306&/TOE but the coefficient of variation (CV) was 33%o put
the level of taxes into perspective, oil produdtes in 2002 (spot Amsterdam)
were about 20E/TOE (190 $/TOE), although they were about ZBUOE
(2308$/TOE) in ZOOd.Figure 1 also shows the oil tax revenue as a IfaBDP
(reading on the right hand y-axis), where the EUal®rage was 1.8% (CV
21%), and on the same axis, the road fuel tax evas a share of GDP. In most

2 The EUA price for delivery in Dec 2005 startedSat €/tCO, = 31 €4C, and the average c.i.f.
price of coal into Western Europe was&onne.

3 The data for EU countries are comparable, but ttatthe four countries at the right come from a
different source, which for EU countries seemsndarstate tax revenue on oil as a base (perhaps
because revenue is allocated to the base, sudiipmisor carbon, and not then aggregated up to
the carrier fuel). Conversion factors for produetsen from BP (2004) and IEA (2004).

4 Weighted average (by EU consumption) of lightidte and heavy distillate spot prices from IEA
(2004), 1.09 TOE/tonne product.
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countries oil taxation is overwhelmingly concergchton road fuels (gasoline
and diesel).

Figure 1 Taxes on oil and oil products, 2002
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Several points stand out from the empirical evigencFirst, the
weighted average share of energy taxes in totakéagnue in 2001 is about
5%%, a slight fall from the 6% in 1994 (OECD, 20p3d@he simple arithmetic
average across OECD countries was higher, at 7&xafevenues in 2001, and
2.5% of GDP, reflecting the low energy tax rateshia largest country, the US.)
Energy taxes are indirect taxes, and account foutabne-fifth of indirect tax
revenue in the EU-15. As such, energy taxes atalfisimportant, and although
they may appear modest compared to other majos,taxeh as income taxes,
energy taxatescan be extremely high — the average EU-15 oita in figure
1 in 2002 was 180% of the pre-tax (c.i.f.) prickh@ugh as the price of oil
fluctuates more than excise taxes, the rate vamelswas 115% of the pre-tax
price in 2001.

Second, energy tax revenue is overwhelmingly ailrevenue — 93% of
all OECD energy tax revenue came from oil (OECDP3). The UK in
particular stands out as having high oil taxesget$slly high road fuel tax
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rates). In the UK, real hydrocarbon tax receipwagat 6.2% p.a. in the decade
1989-99, and accounted for 6.7% of total tax rdsdiy the end of the decade.
They accounted for 20% of all indirect tax receijsluding VAT), and 46% of
indirect taxes if VAT and import duties are excldddaxes on Light Fuel Oil
(LFO) even for industrial uses (see figure 2) canolver 100% of the pre-tax
price, while gasoline taxes were 180% in the EUAL3002, and over 250% in
the UK (figure 4). Rates were even higher in theiqok 1994-99 when oil
product prices were lower. As the deadweight Idsa @ax increases as roughly
the squareof the tax rate (for small rates of tax), suchhhigtes are potentially
very costly sources of revenue.

Figure 2 Excise taxes on industrial fuels 200Z(TOE)
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The variation of excise taxes for different fuesthe industrial sector is
shown in figure. 2. Light fuel oil (LFO) stands @4 heavily taxed in some
countries, notably Greece and Portugal, presunvetidye there are difficulties in
preventing tax evasion with the even more heasitgd road diesel fuel, for which
kerosene can readily be substituted. The sameeisrirAustria and Sweden where
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tax evasion might be less of a probl%hheavy fuel oil (HFO) is relatively heavily
taxed in the Nordic countries, and both Norway Bedmark appear to have the
most uniform tax system across fuels, as the Isgzénnarily carbon content.

Figure 3 shows the effective taates(as a percentage of pre-tax prices)
on fuel consumed in the domestic sector (excludiagl fuel, which is shown in
figure 4). The tax rates are net of the standaml sg&VAT, and reveal that some
countries like the UK effectively subsidize someit(bot all) domestic fuels by
subjecting them to a lower rate of VAT than for estmormally taxed goods.
Domestic LFO is primarily used for central heatiag,is natural gas, but they are
taxed at very different rates (except in Denmaak)gin probably to prevent tax
evasion through fuel substitution. The variatiomoas countries is considerably
larger than for industrial use, as one might exmecttefficiency grounds. The
average tax rates are typically higher than foustiy, again as expected.

Figure 3 Effective tax rates on domestic fuels, ER002, net of standard VAT
140%
120%
100%
80% -
60% -

40% -

tax as per-cent of pre-tax price

20% -

0% ~

-20% -

‘ Onatural gas @ electricity ILFO‘

Source: IEA (2004)

® The rates for the same fuel in different usesroftiffers dramatically, and appears to account for
discrepancies between the EU Excise source usedamet IEA'sEnergy Prices and Taxe&or
example Greece is shown in the IEA source as haamgxcise 2#€/'000 litres, while the EU
source has 2486/'000 Jitres for industrial commercial use and 21 fortiveg Italy similarly sharply
distinguishes between gasoil for industrial useenstits tax rate is 12€/'000 | compared to 400
€/'000 | as a propellant.
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Figure 4 Road fuel excises 2003

900

800

700

600

500

400

300

Euros/thousand litres

200

Source: Eurostat (2004), IEA (2004). Excludes V&&rbon tax a€100/tC or 27/t CQ

Figure 4 completes the picture by comparing extéses (excluding
VAT) on road fuel ranked by gasoline taxes. Theaye EU gasoline tax rate was
180% of the pre-tax price, and over 240% for Gegmraard the UK. The average
rate of diesel tax is slightly lower at 130% (bgtai over 240% in the UK). As
figure 1 showed, road fuel taxes contribute thewkielming proportion of energy
taxes, and raise the greatest conceptual issuas;@ssiderable part of these taxes
are more properly considered as road user chafgesuch they will have to be
considered along with other forms of road user gdabut even taking that into
account it is hard to reconcile the variations uelftaxes with corresponding
variations in road user costs.

Most oil taxes are excise taxes at fixed ratesypét; rather tharad
valorem and so their rate as a percentage of the prprieg varies with the oil
price, falling as oil prices rise and rising whehprices fall. This may even be
exaggerated by the consumer/voter resistance fagadx authorities when oil
prices rise, sometimes placing a cap on the nomadak of the tax per unit, and
eroding both its real value and its rate. Convgrggdvernments find it easier to
raise oil taxes when oil prices fall. Thus in $18f4rel of oil and for OECD
Europe, the absolute tax rose from $26/bbl in 19@ien the pre-tax oil price
(including refining and distribution) was $63/bbd, $46/bbl in 1994 when the
pre-tax oil price had fallen to $23/bbl. The taxaashare of the pre-tax price thus
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rose from 41% in 1981 when oil prices were higl2@0% in 1994 when prices

were low (Austvik, 19975.Such counter-cyclical taxing is even more likaly i

developing countries with state ownership of refniwhere final fuel prices are

set by the government. In such cases the distimdt@ween explicit taxes and

implicit charges collected as higher profits by fewernment as owner becomes
obscured, but can amplify such counter-cyclicaate. We need to investigate

to what extent this variation is consistent witlhirst economic policies.

Several recent events have come together to suthgeshe time is ripe
to re-examine the logic (or lack of it) in the amt patterns of fuel taxation.
First, the European Commission is attempting torlaguize energy taxes within
the EU, which has recently grown from 15 to 25 memstates. Second, the
Kyoto Agreement is attempting to achieve a unifigad ultimately global
approach to reducing greenhouse gas (GHG) emisdififisiency requires that
each country and GHG source face the same chargerpe of carbon dioxide
equivalent, as the damage done is independent efewmbr how the GHG is
emitted’ The Kyoto Protocol was finally ratified at the eafl2004, but even
before that the European Commission issued a lebailling requirement that
member states meet agreed reduction targets atidipete in a Europe-wide
Emissions Trading Scheme (ETS). Trading startedaimuary 2005, ensuring a
uniform traded price for carbon dioxide (but not gther GHGS) across Europe.
Finally, market economies are increasingly attihcte using market-based
instruments to address pollution, of which the ES' & leading example.

The ostensible reason why the European Commissi@hew to
harmonize energy taxes is that the Commission isdaigd to create a single
market for goods and services, and to foster efficirade within and between
member states. That requires either removing &rtions that fall on production,
or harmonising their rates so that producers irh eamuntry face similar input
prices. The great attraction of the Value Added {\&XT) is that it falls on final
consumers and does not distort production decisiExwse taxes, of which energy
taxes are an important part, do not have that piyend hence there is pressure
from the European Commission to harmonise thegsratVe shall need consider
whether there is a case for a positive level ofsextaxes, for if not, then one might
argue that tax competition between member stateddwmut downward pressure
on energy excise taxes, moving them closer todbgéct” level.

® For the total OECD region, including low tax caies such as the US, the tax rate rose from 27%
in 1981 to 100% in 1994 as the pre-tax oil pridedg 50%. Sorenson (1999) gives figures for a
slightly longer period, showing that the tax raieea from 22% in 1980 to 96% in 1995..

" The damage done by different greenhouse gadessdiifi both its instantaneous impact and over
its varying lifetime, but for any single gas thedtion of the source is irrelevant, in contrastiare
local pollutants such as sulphur dioxide or nitroggides.
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2. WHY IMPOSE ADDITIONAL EXCISE TAXES ON ENERGY?

Energy taxes are primarily input taxes, and as &itlon production as
well as consumption. Standard tax theory (Diamond irrlees, 1971) argues
that distortions should be confined to final conptiom, leaving production
undistorted. In the absence of externalities oertharket failures, that suggests
that all indirect taxes should be Value Added Tal¢AT). Clearly, the energy
taxes identified in the figures, which exclude dtmd rate VAT violate this
precept, raising the question what market failaresxternalities might account for
these taxes.

There are four main economic reasons for energisexexes: as an
optimal import tariff, to reflect and internalisexternal costs (mainly from
pollution), as a second-best instrument for chardor transport infrastructure,
and, more generally, as part of a second-best tactee to improve the
redistributive and/or efficiency properties of themaining feasible taxésin
practice, taxes on each fuel may reflect a mixbfrthese reasons, as well as the
inertia of past politically expedient tax choicbst it is still useful to consider each
argument separately, and then ask how far thegiamgly additive in setting the
final excise tax. The optimal tariff and the exadity arguments are particularly
relevant to the EU agenda of energy tax harmooisasis the EU is a trading bloc
that collectively has more market power in inteoral markets, while most
energy pollutants cross national boundaries and ddredirect concern to
neighbouring countries.

The main focus of EU energy tax harmonisation isotbproducts, and
the two main reasons for an EU-wide set of minimaihproduct taxes is that the
EU has potential market power in the world oil neréind to prevent inefficient
cross-border trade within the EU. Excise taxeshm@a substitute for oil import
tariffs, providing countries cannot choose to friele on their neighbours by
setting low excise taxes, and enjoying the lowerlavoil price that reduced oil
consumption should produce. Harmonising oil extises is therefore a way of
preventing free-riding. Excise taxes also avoid fireception that countries are
imposing protective duties and undermining their @/Tommitments to free
trade.

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

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

maximising a Benthamite social welfare function.
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Figure 5 OPEC reserves and production 2003
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Oil consumption accounted for 43% of world totahafi energy
consumption in 2000, and 53% of OECD total finalergry consumption
(OECD, 2003b). International trade accounts foigaiicant share of oil supply
— 59% in 2003 (BP, 2004). Oil reserves are conaezdr with a Herfindahl
Hirschman Index’ or HHI, of 5963 in 2003 if we consider OPEC as an
effective cartel, although only 1022 if each cowunticts separately. Oil
production is rather less concentrated, with an HifI1900 if OPEC acts
cohesively, or 571 taking each country individualBil consumption is slightly
more concentrated than production if we considecheaountry acting
individually, with an HHI of 876 compared to 57 lytlsomewnhat less so if we
consider country coalitions. If the EU harmonidssoil taxes, consumption has
an HHI of 1200 compared to a cohesive OPEC caiitbl avproduction HHI of
1900. Figures 5 and 6 show the relative marketctira for exporting and
importing countried’

10" The sum of the squared percentage shares, wj©A®eing a pure monopoly, and an HHI of
1800 or above giving rise to anti-trust concernthmUS (and elsewhere).

1 The reserve and production data used to prodgaeef5 show that the Reserve/Production ratio
for the top 70% of total reserves is greater th@uyéars, while with a few exceptions the R/P ratios
for the remaining 30% are less than 30 years.
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Oil taxes are easy and cheap to collect, and int radsmporting
countries (the US being a notable exception) oddprcers had little political
influence at the time the oil tax system was puilate. Taxing oil was therefore
politically attractive as reducing import dependenbad economic and
geopolitical advantages. When the internationalnaéirket is turbulent (as at
present) and security of supply under threat (thinoembargoes and conflict),
normal excise taxes may be supplemented by aniadlipil security levy. This
may take the form of the requiring companies taltal stocks (in which case it
does not appear as an explicit tax) or as a chergeance a strategic oil
reserve. It is therefore useful to consider howotnmport tariff might be set,
recognising that it may take the form of an agre@dimum set of oil excises.
The two features of oil that distinguish it frormmarmal traded good are that oil
is an exhaustible resource, and oil exporters haaiet power.

Figure 6 Consumption shares 2003
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3. OPTIMAL TAXES ON DEPLETABLE RESOURCES
Exhaustible resources like oil and gas enjoy stareints. Under simplifying

assumptions (perfect certainty, extraction cosigependent of remaining stocks
and flows, and perfect competition) the rent ofexthaustible resource should
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increase at the rate of interest during the petimt a particular field is in
production, as Hotelling (1931) first pointed olihe size of this rent depends
on the demand for the resource, so taxes that eedamand should transfer
some of this rent from resource owners to consungssig Austvik’'s (1997)
data for OECD-Europe, if the extraction and tramsmwmst of OPEC oll is
$(1994) 5/bbl, producers claimed just over twodkiof the $86/bbl rent plus
consumer taxes in 1981 but only one-quarter ofsg®bbl in 1994. In the US, if
the extraction cost is taken as $10/bbl, the predsbare fell from 85% of the
$57/bbl rent plus tax in 1981 to 50% in 1994, as #hare of domestic
production in consumption fell from 63% to 47% (aod7% by 2003).

Most energy tax revenue comes from oil and itdfeee makes sense
to examine the case for optimal oil import taréiisd then to see if there is any
case for tariffs on other fuels (gas and coal).

3.1 Optimal oil taxes and tariffs

Rational producers of an exhaustible resource t@adecide whether to
sell now or retain the resource for later sale,ciwhwill be attractive if the
present value of the profit from selling in theuid is higher than that from
selling it now. Future oil tariffs will affect fute oil demand and hence the price
and profit from delayed sale. More precisely, theole future time path of oil
import tariffs will affect the current price of aéind hence the attractiveness of
imposing tariffs. This raises an immediate probléwon,(rational) oil producers
need to predict future oil tariffs in order to dieiat what price they are willing
to sell oil today. In a (very) simple-minded caske oil importers would
announce their tariff plans (or the oil exportersuld work out their optimal
future tariff plans), and then producers would dectheir current level of
supply, which would determine the current price.

Newbery (1976) derived the optimal open-loop imptatiff for a
perfectly certain world of competitive oil produsé? If extraction costs are
independent of remaining stocks, the open-loopnugdtitariff increases at the
rate of interest, so it has constant present va#lseent also rises at the rate of
interest, such a tariff is in effect a lump sum tax rent and creates no
distortions, as producers have no incentive tohedgle their time pattern of
supply.

The problem with this line of argument is that excie very special
cases, the apparently optimal (open-loop) oil sxdynamically inconsistent

2 Open-loop here means that the optimisation airtitial date finds a forward-looking solution
(e.g. for the tariff) as a function of time and obthe state (e.g. the stock of oil).
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(Newbery, 1976; Kemp and Long, 1980; Maskin and by, 1981; Karp and
Newbery, 1991a, b, 1992, 1993). The optimal opep-fime path of oil taxes is
based on the assumption that the tax authoritycoestibly commit to follow this
plan and that all oil producers believe this tothe case. To illustrate this,
suppose that demand for oil falls to zero at sohuke price p*. The importing
country will have a domestic tax-inclusive priee= p; + T €' 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 riserptoand the country will stop consuming
oil, even though oil is available on the internatibmarket at a lower price.
Having driven down the price of oil by announcirg toriginal import tariff
trajectory, the importer would now like to depadrh that plan. In consequence,
that plan is dynamically inconsistent. Without somethod of committing to
follow the old plan, rational producers will expebat the plan will be revised,
and will adjust their price expectations and hetiaar current supply. In such
cases the original plan will not be credible, ardiffierent way of computing the
appropriate tax rate will be needed.

The same problem also arises in some cases where ih market
power on the producer side. The typical model ef @PEC cartel has a core
group of countries with low extraction costs faciagfringe of high cost
producing countries. In a competitive equilibriune tow cost countries would
sell their oil before any high cost field startesbghuction, but if the low cost
producers have market power they will determine rwie sell based on
comparisons of the present value of tharginal profit at each date. This can
easily lead to a situation in which the price-takhigh-cost fringe will sell early
and the rent (pricéessextraction cost) will initially rise at the rate ofterest.
The cartel will delay and eventually sell along ahpat which the marginal
revenue rises at the rate of interest (if costdalten as zero), but the price rises
less rapidly than the rate of interest, so thathigg cost producers would not
find it attractive to delay extractiori. Such a path would be dynamically
inconsistent if the cartel would find it attractite raise prices sharply once the
fringe had exhausted all its oil and lost the apito limit future price rises by
delaying extraction. More generally, an intertengp@quilibrium is dynamically
inconsistent if an agent makes a plan from whichame future date he would
like to depart, assuming that he cannot preconorthat plan.

13 This requires that the elasticity of demand risgth the price, as for example with linear
demand. It also assumes that low cost producers havhigher discount rates than high cost
producers, which is plausible if the decision makame concerned with their successors within the
country, and are capital surplus countries lendibgoad, but unstable regimes may have higher
effective discount rates. The Reserve/Productidipgaof the major producers are high and
consistent with this view.
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Karp and Newbery (1993) discuss the problem of simgpa suitable
equilibrium concept for exhaustible resource garnmesvhich some players
(either producers or consumers or both) have ma&eter and must choose
optimal strategies. The minimal requirement oéitémporal rationality is that
the resulting equilibrium should not be dynamicafigonsistent. A time path is a
time-consistenéquilibrium if the continuation of the original ceference path is
an equilibrium of the game whose initial conditisrany point on the reference
path. A stronger requirement is that the equilioriis ‘perfect’. Suppose that at
some daté the strategic agent departs from his original @arthat the present
state S (e.g. stocks of oil) no longer lies on the refeeermath. Perfection
requires that continuations of the reference sirasebe equilibrium strategies in
the game that begins at dagith the initial state given b§. This must hold for
all t and for all states that could possibly be readhad the initial state (i.e. for
all possible deviations). The Markov perfect edmilim is the Nash equilibrium
in decision rules in which each agent chooses smal state-contingent
decision (a tariff or output level) taking the railef other agents as givédn.

Karp and Newbery (1991a) show that the form of Merkov perfect
optimal import tariff depends critically upon theder in which decisions are
taken.If producers choose their extraction strategiest,fiand then importers
select their import tariffs (or if both importeracaproducers make simultaneous
decisions) then each will condition their curremcidions on the remaining
stocks of oil (assumed well-defined and known) Hsldeach producer, given by
the vectol$ at date.

The optimal tariff is then easy to characterisepise that the sellers
condition their output on the current vector ofc&®S; and that the resulting
aggregate supply function ¥S,). If the importers take this as given then at each
date total supply is given & is given, and the importers play a series of stati
games, choosing tariffs just to maximise instarmasewelfare and ignoring the
future (which they cannot credibly influence byithmurrent decisions). As such
they play a sequence of Nash-Cournot games. Sthmgdimisation then shows
that if the world price of oil i, and country imports an amouny and sets a
tariff (or excise tax) at ratge so that the domestic pricepst 7, thent, is given

by

= -G — ai p ’
Zaqj /op Zajgj

j#i j#i

1)

14 Markov here means that decisions only dependhemurrent state, and not on previous history.
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whereo; is the market share of countryn world imports,q; /Q, andg; is the
price elasticity of demand for oil (as a positiwa“nber)ls. For the case of linear
demand with a choke prige, where the aggregate (untaxed) demand schedule is
Q =8 (p* - p), and consumption i§ =¢; B (p* - p —7), the formula for the tariff is

just

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

The contrast with the open-loop tariff is dramaticthis case, for while the
Markov perfect (or Nash) tariff falls as the oiliqe rises, the open-loop tariff
would increase at the rate of interest over timettees oil price increases.
Austvik’s (1997) finding that both the real oil tard the tax rate decrease as oll
prices rise is certainly consistent with the Natgrys(although the decrease of
oil prices and rents over the period 1981-1994ikar harder to reconcile with
exhaustible resource theory).

If, at the other extreme, importers choose theifftéirst, and then
producers are free to change their extraction pdires observing the tariff, the
solution will be quite different. In the standaiflunrealistically simple) case in
which producers are free to reallocate output betwany dates, importers know
that when they select their tariff, the effectivédge a completely elastic supply
schedule at that date, as producers will resporttiedariff and rearrange their
extraction plans accordingly. In the Nash case idersd above, supply
decisions have already been made when importergsehtheir tariff, so the
supply is completely inelastic.

Solving for the Markov perfect tariff when produsean respond to the
tariffs is more difficult, involving a set of diffential equations derived from the
value function (as set out in Karp and Newbery, 19 Not surprisingly, the
fact that importers face a short-run elastic suppdans that the optimal tariff is
typically lower than when they face an inelastiop@y. Deciding which
assumption best describes reality is difficult. &lg tax decisions are not
reconsidered every moment (or even every time thedwoil market changes),
arguing for the case in which oil producers resptmthe prevailing set of oil
taxes. On the other hand, competitive oil produceften make durable
investment decisions that limit the profitabilitf ehanging their depletion
profile. OPEC members do periodically meet to dedideir output quotas to
support particular prices (although they are ofess willing to act on their
decisions). The two extreme assumptions shouldckbtdbe correct result.

Finding the dynamically consistent strategy for edporters with

15 The convention throughout the article is that all priglasticities,c, are defined as log
quantity/dlog (final priceland hence are positive numbers.
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market power is also challenging, but the open-Ibagh-Cournot equilibrium
in which each producer takes the time path of pctidn of the other producers
as given satisfies the weaker concept of time stersty. Karp and Newbery
(1991b) then show that one can analyse the oil edagkuilibrium in which
exporters exercise their market power in this wayg importers set (Markov
perfect) Nash-Cournot import tariffs. If produgehas constant unit extraction
costsc; then the marginal revenue of that producer sassfi

MR; (1) < 1€ +¢;, 3

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

If we are willing to assume that both importers amgorters play time-
consistent Nash-Cournot strategies, then it is iplessto solve for the
equilibrium world price of oil and the optimum impotariffs. Karp and
Newbery (1991b) adopt this model of the world odriket with linear demand as
for (2), and assume that OPEC is represented ynenstric duopoly with zero
extraction costs. The rest of the world is takenaasompetitive fringe with
extraction costg. The producer HHI in this case would be 3000, camg to
6000 for a cohesive OPEC cartel and 1000 for a ¢etelp fragmented cartel.
They find that the extraction pattern is one inahhihe high cost fringe extracts
more rapidly in the early period, and is gradualgplaced by the cartel,
consistent with the production and reserve postshown in figure 5.

Adopting the Nash assumption for importers alsoesakeasy to solve
for the US and the EU import tariffs from equatiqt3 or (2).16 Interestingly,
the US had the roughly the same value for theildvoonsumption sharkess
production share of 16% in 2003 as the EU’s valus86. The higher US share
in world consumption of 25% compared with the Eshare of 19% is offset by
a higher share in production. The HHI for net imips assuming the US and the
EU act as independent but cohesive blocs is 18%&rlthan the modelled value
for producers.

The implication of this over-simplified theory ikat because the US
has the same net import share as the EU, US abktakould be comparable to
EU oil taxes, whereas in fact they are much loW@&ro estimate the value of the
optimal import tariff we need to calibrate this yeimple model. If all demand

16 Equation (1) continues to hold if importing coties also produce oil, except thats now to be
interpreted as the share in world consumplimsthe share in world production (strictly, the slsare
that would prevail in the absence of any tarif&e the appendix for details.

" The linear demand assumption complicates theysisahs shown below but if anything
strengthens the case for increasing US tariff-eajait taxes.
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elasticities are the same and constamt ahd the delivered c.i.f. price plus any
refining margin i, equation (1) gives the import tariff raig as {/(1- o)}.1/e.
For a country with a share = 0.15, the rate is 0.18/showing the critical
importance of the price elasticity of demand|n the linear model of equation
(2) this dependency is less obvious, and the elgstwill increase with the
domestic (tax-inclusive) pric®. The implied final price elasticity of oil demand
is P/(p*-P) wherep* is the backstop price (for the average mix of puatslin the
barrel, and including any environmental taxes dfgetd oil such as a carbon
tax). If we take the OECD averages given abovel®ed, in 1981 the delivered
c.i.f. pricep was $63/bbl an® was $89. If the back-stop price were $130/barrel,
the implied price elasticity would be 2.2. (The saralculation for 1994 when
was $69 angb was $23 gives an elasticity of 1.1.)

Gately and Huntington (2002) estimate the price iandme elasticities
of demand for energy and oil for OECD and non-OEs@Dntries, but they take
the world price of oil, not the final tax-inclusiyeice, in their estimations. Their
preferred estimate for the c.i.f. oil price elasyidor OECD countries is 0.64.
The relationship between the c.i.f. elasticityand the final oil price elastici®y
is given bye: = & (p/P)(dP/dp. The average value q@fP for the two dates is
0.52 whileAp/Ap = 0.5, sce. =0.26¢;. The relevant domestic price elasticity in
this case would be roughly four times the crudeepalasticity, or for the OECD
higher (in absolute value) than 2. This seems ragh, may be largely driven by
the one-time large switch out of oil into coal agak for electricity generation
following the high oil prices from 1974-85. Certlgirtheir estimates for non-
OECD countries are much lower (less than 0.2), avRiesaran et al's (1999)
estimate for the long-run price elasticity in Asidaeveloping countries if also
lower for final consumption prices (at about 0.3 With a very wide spread).

Atkinson and Manning (1995, p98) estimate oil prtasticities (using
final prices) of 0.43 for four EU countries usirtgee lags, but 0.73 with two
lags. Franzén and Sterner (1995, p119) find thg-ton price elasticity for
gasoline is typically above 1 (for the EU is 1.4t some of this reflects a
switch into diesel and overstates the elasticityrafisport fuel demand. Graham
and Glaister (2002) survey the evidence and fiadgport fuel price elasticities
between 0.6 and 0.8 (mean 0.77, median 0.55). Gooeival (2004) finds a
value of 0.64 (again with a considerable range wpl8). They note that
elasticities increase with price (as expected witinear demand, but also as it is
a joint input with the value of time into transgo®ne imagines that the demand
elasticity for other oil products should be at te@s high as for transport fuels,
for which there are few substitutes.

The 2002 EU-15 average oil tax was $39/bbl (800OE) and the c.i.f.
product price was about $26/bbl. If we take a bagkprice of $130/bbl final
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product and compute the optimal tariff using tmedr equation (2) the implied
price elasticity of demand for the EU would be dd dhe optimal tariff is 15%

of (130-26) = $15.6/bbl, or two-fifths the actuakt(as shown in the right hand
column of Table 1 on the line “Linear Nash”). If wle the same calculation for
the US with a 2001 tax of $10/bbl, the implied priglasticity of final demand

would be somewnhat less than 0.4 (again assumiegrlidemand) and the tariff
element should be 16% of (130-26) = $16.6/bbl. Ot alculation the US

would seem to be under-taxing oil, even beforewatlg for other corrective

taxes. In this over-simplified model the US tax Vabneed a backstop price of
less than $73/bbl for the optimal tariff to be meager than the existing tax.

If, on the other hand, we suppose that the finmhated has constant
elasticity at unity, the optimal import tariff walibe almost the same in both the
EU and US at $4.6/bbl, but twice as high at antieiasof 0.5. These examples
show the substantial sensitivity of the tariff toth the shape of demand and the
value of the elasticity.

Table 1. Optimal oil import tariffs

$(2002)/bbl

Qil 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 pric&1dfs/bbl and an
average oil product price of $65bbl, then the ienplprice elasticity in the US
would be just over 1.9 and the optimal import fasibuld be $7.5/bbl in the US
(leaving little room for any other taxes). All tr@ssumptions (shape of the
demand schedule, backstop cost or demand elastjciire suspect, but the
exercise illuminates the difficulty of simultanebusationalising both US and
EU oil taxes.
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If importers know that they cannot rapidly changleaxes, and if they
consider that oil producers will choose their estiien plans after they have
observed oil taxes, then the balance of advanthifes $o the producers, and
importers would optimally levy lower import tariffer equivalent oil taxes). As
a very rough rule, with linear demand, the optimaaiff might then be only half
as high as with short-run inelastic supply.

Summarising the conflicting evidence on the criticalue of the oil
price elasticity, one can argue that the long-rlasteity could be as high as
unity, and might be considerably higher. The lower elasticity, the higher is
the optimal import tariff.

The various possible assumptions about supply antadd elasticities
gives a wide range of possible tariffs, summarisedTable 1, which is
interpreted as follows. The three columns of figuggve assumptions that are
consistent with low, moderate or high estimateshef optimal tariff, which will
depend on the oil import price including all thergias to deliver to final
consumers, and the determinants of the price @tgsdf final demand. If demand
is linear, then the backstop price anchors itstiposand, with the domestic taxes,
determines the elasticity. The High tariff colurarconsistent with the EU in 2002,
with an import price of $26/bbl, domestic oil taxet $39/bbl, which with a
backstop price of $130/bbl gives an elasticity mfyu

The optimal import tariffs are then calculated breé assumptions. The
first two lines assume Nash-Cournot tariff settiwben the importers choose their
tariffs at the same time or after the producingntoes have determined their
output. The first line shows the results with lindamand — in the High tariff case
giving $15.6/bbl. The second line gives the re€pdt6/bbl) assuming a constant
price elasticity of final demand (in this case ni’tyj).18 The third case assumes that
exporters choose their output level after the ftéuds been set, and in the linear
case this is set to half the Nash case or $7.8lhigl.range of tariffs shown in the
last line takes the lowest of the Low tariffs, theerage of all the Moderate tariffs,
and the highest of the High tariff.

3.2 Import taxation of gas and coal

Gas, like ail, is an exhaustible resource, andhendgic of the previous
section, might also attract an optimal rent taxe Timain difference between oil

18 The large difference is partly explained by thesiderable variation in the elasticity of the &ne
demand at different prices. Thus if the importftavere 35€/TOE, the elasticity of demand assuming
no other taxes at the domestic price of £880E would be 0.31, implying an optimal importiffeof
115€/TOE.
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and gas is that to deliver gas to market requieasyrinvestment in pipelines (or
LNG facilities), and that until the pipeline netwois mature and connected to
sufficiently many different producers, the markefationship is more like
bilateral monopoly than a competitive or oligoptitisnarket. Gas has typically
been very lightly taxed compared to oil, mainly dnege it is not much used in
transport (where the bulk of oil taxation fallsytlpossibly to encourage a shift
of dependence away from oil and to support the Idpwmeent of the necessary
infrastructure. Given that gas is often linked lte price of oil (particularly for
imports from Russia and in LNG trade) one mightuarghat oil taxes depress
the price of gas and as such gas is taxed. Thimdsnvincing, as it begs the
question at what parity gas prices are linked tolfoproducers set gas prices on
the basis of the consumer price of oil, then thedpcers collect the consumer
rent extracted by oil taxes. Logically, if oil i®xed to transfer rents to
consumers, gas should also be similarly taxed.

A more telling objection to an import tariff on gesthat it is hard to
determine the scarcity rent, and unclear whethés gufficiently appreciable
after taking account of extraction and deliverytsa® justify significant gas
taxes on these grounds. Nevertheless, the suspgitvat gas is indeed under-
taxed relative to oil on rent tax grounds, at léaste EU (a major market for
internationally traded gas) were able to coordimait@ minimum gas excise tax.

Coal is quite different, at least if one accepts daihgument that reserves
are extremely large relative to oil and that ceseshigh relative to value so that
rents are negligible. Oil and gas each had progserves of 15% of total energy
reserves in 2002, with coal the remaining 70% (BB3). If the supply of coal is
moderately competitive (the HHI of production in00was 1786}53 the supply
elastic and rents negligible, then rent taxatioimredevant. If, on the other hand,
supplies of cheap surface mined coal are limited, @urrent prices are affected
by the current rate of use (as in an exhaustildeure model), then imported
coal might also be a target for import tariffs (oeir equivalent). We shall return
to this after considering the impact of carbon saxe CQ limits on energy
resource depletion.

4, EXCISE TAXES TO DEAL WITH EXTERNAL COSTS

The main external cost caused by energy use isldheage caused by
environmental pollution. Efficiency requires thhetmarginal benefit of using the
fuel should equal the marginal social cost, wheeemarginal damage cost of the
pollution should be added to the marginal costrofipction (and/or import, thus

9 Surprisingly, the HHI of net imports is only 122&en taking the EU as a single trading bloc
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reflecting the optimal tariff). This might be attpted by command and control
policies (standards, regulation, etc.), but mankgtuments, if they are feasible and
not too costly, are superior. The two main markstruments are taxes (set equal
to the marginal externality damage) or tradablemgsr whose price will be
determined from demand given the initial allocatafhquotas. Tradable permits
(‘cap-and-trade’) are increasingly used for aredewpollutants such as NG,
and CQ. Thus the EU Emissions Trading Scheme (ETS) for, ®&came
mandatory in 2005.

An efficient level of pollution will have equalitpetween the marginal
cost of reducing pollution (either by abatementreducing fuel use) and the
marginal benefit of reducing pollution (which isjuhe negative of the marginal
damage done by the pollution). If there is compigigrmation and no uncertainty,
the efficient level could be achieved either byiisg the correct number of permits
or setting the pollution tax at the marginal damegst at the efficient level. This
equality of outcome breaks down under uncertainty wath asymmetric
information. Weitzman (1974) started a lengthy delay observing that in the
presence of uncertainty, permits are only supeadaxes if the marginal benefit
schedule had more curvature than the marginal meateschedule. This might be
the case if marginal damage were low until somestiold level, at which point it
suddenly increases. For most pollutants the mdrgipatement cost schedule is
fairly flat and low for modest abatement, but risegidly as a higher fraction of
emissions is to be curtailed, arguing for taxdsaathan quotas.

There are two additional differences between taxespermits that are
important, although opposed. Pollution taxes reasenue and allow other taxes to
be reduced, thus reducing deadweight costs. Tlealkem “double dividend” is
discussed in section 6 below. Permits could beianed to produce revenue, but
are normally allocated to those already pollutieffectively to buy off their
opposition to the new policy. Thus the ETS requilnag 95% of allowances are so
allocated. We shall need to see for which othelutaoits this political economy
argument is relevant.

The main damaging combustion products are partiz:%.Jla(Pl\/io),20
sulphur dioxide (S€) and sulphates, nitrogen oxides (Y@nd nitrates (the salts
are primarily harmful to health in their small pewtate form), various volatile
organic compounds (VOCs), other combustion prodsiate as carbon monoxide
(CO), ammonia (NB), and of course greenhouse gases (GHGs). Figure 7
illustrates for the UK the role of different sousde the amounts of some of these
emissions, where the three major GHGs {C@ethane, and J0) have been

20 e. particulates of size less than 10 micronsalBmsizes may be even more damaging, but statisti
on their prevalence are less readily available.
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converted into carbon equivalents and added. Cadmdide accounted for 80%
of total UK GHG emissions in 2002.

Figure 7 Emissions of air pollutants by source, UR002
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Ideally all should be taxed or charged for the dgerthey cause, which,
with the single but critical exception of GQlepends on the composition of the
fuel, how it is burned, whether it is subject tipipe cleanup, and where and when
the combustion takes place. In the case of, €arging for the carbon content of
the fuel is the logical solution as the resultirmgnéige is directly proportional to
carbon content. GHG are also very long-lived patitg, in contrast to most other
combustion products. Acid rain has long-term impamt sensitive soils, but its
precursor emissions, $@nd NQ, are the cause of the most costly damage to
human health, where exposure occurs in a relatsietyt period after emission.
Because GHGs are global stock pollutants, propargahg for the damage they
cause requires international co-operation and &mtémporal perspective. Given
its salience, it has attracted extensive analgsgs through the InterGovernmental
Panel on Climate Chandettp://www.ipcc.ch), and the following is a necessarily
brief and incomplete treatment.

4.1 Carbon taxes and emission allowances

Greenhouse gas emissions contribute to an atmassheck with a very
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slow rate of decay. Higher concentrations raise dhgbient average global
temperature with damaging impacts on future pojauiatand the biosphere. The
damage contributed by emissions today is effegtitred same as those tomorrow,
and so the marginal benefit of abatement is esdignilat at each moment, while

the marginal cost of abatement rises rapidly beyooertain point. The scale of the
hazard of global warming is very uncertain, as thee future costs of reducing
carbon intensity. All these are arguments for aallocarbon tax rather than
tradable permits. Hoel and Karp (2001) explore thisstion more carefully in a
calibrated linear-quadratic dynamic model of globarming and confirm this

claim robustly.

The obvious problem is that there is no supranatiaathority to which
countries would be willing to entrust such tax pmwvénstead the Kyoto Protocol
defines a target path of emissions for each ofAheex 1 (largely developed)
countries, and then allows trading between theentmurage efficient reductions
within this group. This would not stop each countmyctioning off permits
(collecting the same revenue as a tax at the meldating price on that level of
emissions), but in practice the European ETS regqu6% of these permits to be
allocated or “grand-fathered”. If permits can beks and borrowed (as with the
US sulphur cap-and-trade system) the inter-tempoaabon price should be
arbitraged, but this would not ensure that it rediconstant even in present value
over time (as the volatility of futures prices tdrable commodities demonstrates).

If we continue with the question of how to set taebon price (whether
by taxes or permits), there is a potentially imaiottinteraction between the price
of carbon and energy resource depletion decisjassas there was in setting the
import tariff. Ulph and Ulph (1994) reminded ustthaconstant ad valorem rate of
carbon tax on costless oil (whose price riseseatdte of interest) has no impact on
the time path of extraction and hence no impaatashon emissions from oil. The
only way to reduce global warming is to delay carbelease, so that natural decay
of atmospheric C®reduces concentrations, and in a world of ratioeaburce
producers, that means making future extraction nedteactive than current
extraction, or lowering the rent now relative te tluture. A constant $/tC tax
would have this property. Subsequent papers (@airFand Tahvonen, 1996;
Tahvonen, 1997) have elaborated the standard eitilausesource model to
examine the shape of the optimal time path of baratax, although these models
all assume a co-operative solution (i.e. a commshe Climate Change
Agreement), thus avoiding issues of dynamic coemizy.zl

2L Other writers have explored non-cooperative gaimeshe context of the “tragedy of the

commons” in which the players act strategicallyeflare able to characterise dynamic consistent
solutions for stochastic games with stock extetieali(e.g. Wirl, 2003; Rowat, 2000) but it is hard
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These models are also misleading in other waysbjoignoring the
importance of coal and the impact that carbon thge® on fuel choice they tend
to understate the impact of such taxes on the narttensity of energy use, which,
as figure 8 shows, shows considerable potentiatdduction. At some price of
carbon, sequestration (notably in enhanced oilveg® becomes economic and
further reduces ultimate emissions.

Figure 8 Carbon intensity of energy consumption foselected
countries
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The evolution of carbon prices is more likely to uygvards, as the EU
ETS cap is tightened in the second period beginmng008 when the Kyoto
Protocol enters into force, and from 2012 when Ky®to limits are to be
revisited. The penalty for being short of EU allowes is€ 40/t CQ until the end
of 2007, but then rises ©100/t. Looking further ahead emissions will htwée
reduced much further if global warming is to beaesly addressed. Rising carbon
prices are plausible if there is a reasonable eh#met the ETS will succeed, the
threats of global warming are more widely heeded,the US accepts the need to
reduce emissions even if it does not sign the Pobt&Vould a forecast of rising
carbon prices have the perverse effect of accilgratepletion, offsetting the
benefits of the carbon tax? This seems unlikely pamed to the alternative in
which oil and coal use are depressed, gas useagaseand nuclear power again

to translate their findings into useful policy garmte for the Kyoto world of partial coverage (both
geographically and temporally).
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becomes attractive. At present, coal is under-taxednuclear power viewed with
suspicion, neither of which seems sustainable \witldurable carbon tax (or
equivalent allowance price).

Deciding on what level to set the carbon tax is-tiamial (and would
be needed even under emissions trading to judgthehihe emission limits had
been appropriately set). The range of estimatesnsiderable. A recent survey
(Clarkson and Deyes, 2001) cites figures for th@ad@ost of carbon (defined as
the level of carbon tax required to reach the dlaipgimum) ranging from $9-
200/tonne of carbon (tC) in 2000 pric&s10-220/tC). Their best estimate of the
marginal damage of extra carbon (not assuming @ptemissions) is £70/tC
(€ 110/tC, 2000 prices) with a (rather arbitrary) fadence interval from £35-
£140 € 55-220/tC).

Karp and Zhang's (2004) paper represents stateeeditt quantitative
analysis, taking account of the stock nature of Gétdssions, uncertainty and
learning about the cost of global warming, and asgiric information about the
costs of abatement. They calibrate their modetHge values of the damage cost
(measured by the percentage reduction in grossdwmdduct, GWP, from a
doubling of GHG): low (0.3% reduction in GWP), mei (1.33% reduction) and
high (3.6% reduction. Given these costs, the optieductions in emissions in the
first decade would be 3%, 9.5%, and 22% relativdBtisiness As Usual. The
optimal carbon taxes for the three damage levelpar tonne of carbon and 1998
US$, $6.7, $21.3 and $49.3/€These estimates are reproduced in Table 2 below,
updated to 2002 prices and exchange rates.

We can compare these figures with various policgppsals. The
original proposed EU carbon tax was set at $10(dmugh as a political
compromise half was to be levied on carbon contant half on energy).
Updating that to current prices, and retainingahsumption that half should be
levied on carbon yields a tax &50/tC, consistent with estimates of the
marginal cost or the (higher end of the) optimal tAwe leave on one side the
selfish aspect of international negotiations, tlogre might argue that all EU
countries acting together ought to set the sanmoaax, and that this tax might
be as high a&€ 50/tC. That translates into 4% of the 2001 EU @¢htid) average
tax on gasoline, 6% of that of diesel, 34% of wfatFO for industry, and 25%
of that for heating oil.

Another way to inquire whether the carbon tax naiég energy taxation
is to compare the carbon tax with the minimum exdisty adopted by the Council
under Directive 92/82/EEC of 19 Oct 1992. The ratiche carbon tax to this
minimum prescribed tax is 9% for gasoline, 11%dw@sel, and 158% for LFO.

2 The paper does not report the implied optimatsaxvhich were supplied by Karp.
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Both sets of comparisons indicate that road fuets taxed on a completely
different basis to other hydrocarbons (which isdaly as argued above), and that
LFO may be under-taxed. That is confirmed by logkat individual countries:
Belgium, France, Ireland, Luxembourg, and The Nédhes charge less for LFO
than the proposed carbon tax, with the UK on theldxtine. Denmark, with its
explicit carbon tax, Austria, Greece, Italy and 8ere charge taxes between two
and five times the suggested carbon tax on LFO.

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
Qil tariff + carbon tax €/TOE
Oil tariff in €/TOE 29 46 121
8 36 53 128
Carbon ta€iC 24 51 68 143
56 79 96 171

These figures can also be compared with the opgming of 2005 EU
Allowances, which at aboit 9tCQ, correspond t€ 33/tC, rather lower than most
of these estimates, but higher than all but thedsgestimated optimal carbon tax.
In Britain, Renewables Obligation Certificates exduo certified generators of
renewable energy pay a premium€060-70/MWh, which equates to an implied
cost of displacing carbon from conventional genenavf perhap€ 450/tC (with a
range from€ 220-750/tC depending on which stations are attaegin). Most of
this subsidy is best considered a subsidy to legsoy-doing rather than an
implicit carbon price.

Table 2 summarises Karp and Zhang's (2004) estsvatel combines
them with the table 1 results on optimal imporiffato give oil taxes ir€/TOE.
The three columns of figures give assumptions #rat consistent with low,
moderate or high estimates of oil taxes. The first lines give the three different
damage assumptions (impact on Gross World Produ@ doubling of CQ
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concentrations) and the implied optimal carbongamreb/tC. The next line repeats
the range of optimal tariffs in $/bbl from tableThis is converted int§/TOE in
the next line. The final block adds carbon taxegr@ssed now if€4C in the
column at the left) and optimal tariffs to give ange of possible outcomes. The
lowest carbon tax€8/tC) added to the lowest import tariff (BJTOE) gives the
lowest combined tax of 3§ TOE. The highest carbon tax (€56/tC) with thenbigy
import tariff (121€/TOE) gives the highest combined tax of 171 €/TO&arly
five times as high. The median figure is€&/9OE.

4.2 Other emission taxes and prices

It may make sense to tax or charge fuels on thiithar content (with
credits for abatement), but other pollutants shopidferably be charged as
emissions, not on the fuel. Where this is difficuittoo costly, some combination
of input fuel-specific taxes and environmental deads may be second-best. The
special tax treatment of leaded gasoline is a gxadhple on a well-targeted input
tax on a pollutant. Standards are common for lalgats (under the EU Large
Plant Combustion Directives 88/609/EEC and, moremty, 2001/80/EC), for
sulphur (under the Second Sulphur Protocol) andNfoy. There are also various
standards for road vehicles. Tradable permits f@, Mnd SQ have been
introduced in the US, and if carefully designed amuperior tax-like solution for
internalising these emissions externalities thandsrds. The obvious problem is
that the damage done by both is location-spedifid, for NQ, depends on daily
weather (or meteorological) conditions, so thera defined NOx season during
which permits are required in some areas of the US.

Although politicians have frequently argued thatrgy taxes, particularly
road fuel taxes, are to be justified on environ@egitounds, with a few exceptions
the case is unconvincing. In most cases the tevegiafe environmental concerns,
the taxes are not related in any systematic wantironmental damage, and they
do not meet minimal consistency criteria for ssmdoiCoal is almost invariably the
most environmentally damaging fuel, but it is usutile least heavily taxed, and in
many countries its production is heavily subsidigdeéwbery, 1995). Transport
fuels account for a relatively modest share opallution, with other fuels such as
coal and heavy fuel oil also contributing to acihrand particulates. Figure 7
showed the share of road transport in the totadyartion of these (and other) air
pollutants in the UK. Road transport is a majartdbutor to the total emissions of
NOy, particulates and GHG, though not of sulphur diexiSQ. In all cases road
transport causes less than half the UK's emissénisjn the case of GOsingled
out in the past as the reason for fuel tax inciedsss than one-fifth of the total
GHG in 2000 (though one of the fastest growing coments).
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If taxes are to be levied on fuels or fuel emissjdhe damage caused will
have to be quantified. This is increasingly reésgmh, and estimates are available
for the EU® The major source of the social cost is the impadbealth. Newbery
(1998) argued for estimating the social costs effthalth effects of pollution by
estimating the number of quality adjusted life gedQALYs) lost through
premature mortality and morbidity. These costsukh¢hen be compared with
what it costs the taxpayer to enable the Healthi@eto achieve an extra year of
quality life and should be consistent with numbased elsewhere in health
economics. This would enable the money raisedhvirenmental taxes to be used
by the National Health Service to buy an equal remds quality life years from
improved health services.

Recent work presented at a UN/ECE symposilma measurement and
economic valuation of the health effects of aityimn, London, Feb 19-20, 2001
suggests encouraging convergence in estimate® afotts of the more damaging
poIIutantsz.4 Severe urban pollution reduces life expectancy, apermanent
increase in air pollution of 1((lg/m3 of PMy is estimated to raise the daily
mortality rate by 1 per cent. That in turn woulduwee average life expectancy in
Britain by 34 days (weighted by the British agedritisition and based on current
age-specific mortality rates). In order to reldie toss of QALYs to the annual
consumption of fuel, the correct calculation is thi&l loss of QALYs for a one-
year increase in emissions, leaving future moytakites at the base emission
level.

Newbery (2004) argues that road transport may attdou 4.4blg/m3 of
PMjp in Britain, causing a loss of life expectancy person exposed to 0.21
days per year of exposure. If we err on the hidk sind suppose that QALYs do
not decrease with age (as they do), and take thesed population as all 58
million people, the total QALY lost by one yeatraffic particulate emissions is
34,000. If we attribute half to traffic (figure dggests rather less, but most people
have greater exposure to local traffic pollutioattbther sources), then the annual
loss from all particulates might be as high as @3 QALYs.

If we work backwards from the value of a statidtiife, the value of a life
year lost seems to be about £30-50,000. The UKoNaltilnstitute of Clinical
Excellence was reportedi(nes 10 Aug, 2001) as tentatively accepting a figure o
£30,000 per QALY, suggesting a convergence on dhgtion side. If we take the
lower figure for a QALY, then the cost of air pdian (mostly from particulates)

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

24 The NEBEI website of the conference isitip://www.unece.org/env/nebei
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might be as high as £2 billion, of which half would attributed to road transport.
If this is attributed to about 200,000 tonnes ofiPkMitted, the implied average
cost is £10,000/tonrf&.This is comparable to the EU BeTa average rutethates
for PM, 5 for the EU-15 of 14,000/tonne, although this estimate should bkedc
by a factor of 7.5 for emissions in a city of 1limil. Correcting for the relationship
between the weight of PMwhich is only about 70% that of RMusing US EPA
data) the BeTa estimates averaged over the papulappear high. It would be
unwise to take these figures as definitive, asrotisémates suggest an extremely
wide range. Thus EPA (1996) gives an extremely watgge for the marginal
damage from $500 to $13,000/ton (in 1995 $). Adekiel of particulate emission
depends critically on the form of combustion arildgipe controls, it is unlikely to
make sense to levy a fuel tax to internalise thests.

The EU BeTa figures for SCand NQ are very high with rural EU
averages of 5,20@/tonne and 4,200 €/tonne respectively, again atige
multipliers for urban ared€. The BeTa figures imply a cost of 10€kg of
sulphur, which for heavy fuel oil with 3% sulphuowd imply a marginal damage
of € 312/tonne HFO, substantially more than its imgmite. Dubroeucq and
Ellerman (2004) report average traded, p@ces in 2002 of $150/short tof (
175/tonne). The average US-wide price from 1998l timt end of 2003 was
$167/ton, but rose to about $450/ton in 2004 wlia &nnouncement of tighter
future limits (and banking), ending the year at@#ih, with forecasts of around
$500/ton (400€/tonne). EPA (1996) gives a range for the margitsahage of
$375-2,000/ton (again, 1995 $). Taxing fuel on lsufpcontent makes sense, with
rebates for clean-up (such as Flue Gas DesulptiarisaAt 400€/tonne SQ (800
€/tS), 3% HFO would impose a damage of 24 €/tohirie.important to recognise
that traded prices at best give an estimate afénginal cost of abatemenipt the
marginal damage.

NOx prices are considerably more volatile as theyspeeific to air sheds
and are time limited with less opportunity for bimgk Thus during the California
electricity crisis of 2000/01 East Coast pricesenaround $400/ton but reached a
peak of $80,000/ton in California (Laurie, 2001hiSTreflected temporary scarcity
(and possibly market power) caused by tight timetdid quotas, and illustrate the
dangers of setting “quantities vs. taxes” in Wedna phrase. The NCBudget
Program for Northeastern states began in 1999,59etpa lower cap in Phase 3 of
that program from 2003 and was geographically eddmwestwards in 2004. In its

%5 particulate emissions are falling rapidly, fron0& in 1998 to 160 kt in 2002 (Defra, 2004).

28 A considerable part of the cost may be attribletéd damage caused by particulates formed from
sulphates, and hence already included in that adtftough for taxing sulphur they should be
properly attributed.
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2003 report (EPA, 2004) reports future prices, shgva convergence to a range
from $2000-$3000/ton in 2004, as figure 9 shd(WEhe cost of clean up for power
stations lies in this range for Urea injectionhaitgh low-NQ burners may have
marginal costs in the range $6,000-12,000/ton. tprices or costs seem high
compared with the EPA (1996) estimated marginaladgntosts of $10-122/tonne.
Again the wide range casts doubt on the precisitinwhich we can estimate the
marginal damage of these pollutants, and as witlficpkates, emissions depend on
combustion and control equipment and so is nottbested by a fuel tax.

Even if we take the (high) BeTa rural figures féd R, SG and NQ of €
14,000, 5,200 and 4,200/tonne, the UK 2002 emisdiactors for oil were 0.55,
1.9 and 11.5kg/tonne respectively (DEFRA, 2004ygesting emissions taxes (or
their equivalent) of 8, 10 and 48/tonne for the three pollutants seplgror €
66/tonne together (of which 73% is attributabléNto,). The emissions factors for
coal are 1, 21 and 8.85 kg/TOE, with BeTa cos b#, 109, and 37/TOE, adding
to an implausibly high value & 160/TOE, over four times the average import cost

of coal. This supports the claim that there maylmnsiderable exaggeration in
the BeTa estimates.

Figure 9 US NQ, Budget Trading prices for various vintages
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27 | am indebted to Denny Ellerman for the datafifure 9.

14/02/05



3C NEWBERY

4.3 Sumptuary taxes and distributional arguments

The most obvious reason why gasoline is singledasieavy taxation is
that in Europe, high fuel consumption can be argqagediasteful and acceptable to
tax (and because it is so easy to conceal theldatueate). Heating oil, domestic
natural gas use, and domestic electricity are intrast (income) inelastically
demanded (see footnote 1), and in colder climesh) a8 the UK, fuel poverty
(defined as spending more than 10% of income orgghés a serious issue (with
20% of UK households fuel poor in 2000). The exoest to low taxes on
domestic heating fuels are interesting: Italy amdeGe, perhaps less efficient at
collecting other taxes (at least when the curraxtrégime was chosen) and with
Mediterranean climates, Denmark (carbon tax) an@dsw (heavily reliant on
cheap hydro electricity for heating), have higlaees on these fuels.

The theory of optimal taxation sets out conditionsder which
consumption tax rates on goods and service shaulthiform, in which case there
would be no case for differential consumption taXdgse conditions are stringent
but in many cases difficult to reject empiricallpe@ton, 1987). If there is an
optimal non-linear income tax, individuals diffenlp in the wage rate, and the
direct utility functionu(.) has goodss, weakly separable from labou, (sou(x,L)
= W &x),L}), then optimal indirect taxes are uniform (Mieke 1979; Stern,
1987).

Weaker conditions not assuming optimal income taraapply with
linear Engel curves and weak separability betwetsute and goods (Deaton
and Stern, 1986). The argument that separabilithyowes the case for
differential commodity taxation is that, in suclses, the only determinant of the
supply of labour is the cost of goods consumed, thiglis minimized when
relative prices are undisturbed. The case for wifféal commodity taxes
therefore requires that separability breaks downwhich case there is an
argument for more heavily taxing goods that are plementary with leisure
(Corlett and Hague, 1953).

If we consider the argument that domestic heatiyag) and electricity
are both price and income inelastic and are thezefttractive subjects for
(relative) subsidies (i.e. lower rates of VAT, adBritain), then unless it can be
shown that lowering their price increases the mgltiess to work, the efficiency
case is weak. It would be more efficient to achiewy redistributional goals
through lump-sum transfers or via the expenditide of the budget. This
appears to have been partly recognised in Britairere the Government now
provides winter fuel payments automatically in casthose over the age of 60.
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4.4 The special case of coal

Coal is nominally untaxed except in Denmark andalith, neither of
which mine coal. Coal production has until recerigen heavily subsidised in
most significant coal producing countries, and lumcently the protection was
provided by a combination of hydrocarbon taxesaimle world-market domestic
prices. In the early 1990s, Germany had the laigegjenous coal industry and
one of the most protected in Europe, as measuredhéyproducer subsidy
equivalent (PSE) per tonne. Thus IEA (1992, p38mased Germany's PSE as
$105/tonne coal produced in 1992. Germany alst th& highest prices for coal
for generation, and had the highest industrialtetéy prices. The UK had the
lowest PSE/tonne of the European coal produce&t(#ine of coal in 1992) but
one of the highest coal prices for generation.réstingly, it also had one of the
lowest industrial electricity prices of coal-interes countries, as British coal was
protected by high contract prices with the genesatmat were passed on primarily
to non-industrial customers. Spain had an even rpootected coal industry.
Newbery (1995) estimated that the PSE raised fhetize domestic price for coal
producers about 450% above import parity in Spaomfared to the IEA's
estimate of 100%), about 250% in Germany, and ab@ut in the UK.

Since then, the system of supporting coal prodpdees in Germany has
changed so that industrial consumers (mainly pcstegions) can buy at import
prices. Coal-backed power generation contracts basentially ended in the UK,
so many of the past distortions have disappearadh® other hand, the Climate
Change Levy in Britain has been carefully designetito be a carbon tax, but an
energy tax, and electricity is taxed on productioot, inputs, to protect coal. In
addition a natural gas moratorium was imposed BB1® prevent the building of
gas-fired Combined Cycle Gas Turbine (CCGT) gemayatnits, and hence
protect the market for coal (but not necessarily Botish coal). Coal escapes
carbon taxes (except in Denmark) whicl 400/tC would be abod 67/tonne for
bituminous coal. Import prices into the EU were &&e or abou€ 40/tonne in
1999, so a carbon tax of 167% of the producer pice specified a§ 100/tC)
could be justified. Clearly coal is still treategktrer leniently compared to most
other fuels.

4.4 Summary on emissions charges and energy taxes

The main case for taxing fuel for the pollution @am it causes is that it
is the least-cost way of reflecting the externadt€oThe best case is a tax on
carbon content, as global warming damage is djrqutbportional to carbon
content. The trend here is away from explicit cartexes and towards emissions
permits, which is less satisfactory from an ecoworiewpoint, even if it is
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understandable as part of the multilateral Kyotacpss. Taxes on sulphur content
with rebates for abatement may be less costly amé comprehensive than global
emission permits, although permits could in prilcipe made more time and
location-specific if damage variations warrantecchsudine-tuning. The main
objection to cap-and-trade solutions is that theepmay depart significantly from
a plausible estimate of the marginal damage costihat could be addressed by
gradually reducing the number of grand-fatherednierand issuing additional
permits at a fixed price. The present system afatode permits and fuel standards
for dispersed sources may remove most of the casmérgy taxes for this reason.
The case for an energy tax to internalisex dl@mage is even weaker, as permits
and standards are better able to reflect the dad@geby the actual emissions and
hence better able to encourage optimal abatement.

5. ROAD FUEL TAXES AND ROAD USER CHARGES

Road fuel taxes can be justified to a consideraatent as road user
charges (Newbery, 1988, 1990, 2004, Newbery ando§ath999), pending the
political and technical development of more finielggeted road pricing. Fuel taxes
are relatively blunt instruments, for whereas ftmhsumption per km increases in
congested urban conditions (by 50% relative to ngested road§f, marginal
congestion costs can exceed fuel taxes by a faft@0 or more there, while
interurban car travel is typically substantiallleasharged. Nevertheless, a case can
be made that on average road users should payvérage total cost of road
provision (primarily road damage, maintenance, gwerest on capital), just as
other users of privately owned infrastructure (eetgctricity and natural gas
transmission) must pay a regulated, usually pragged, charge that covers such
costs. Note that the case for an additional syammiice to reflect marginal
congestion costs must rely on either inefficientdemsupply, or significant
diseconomies of scale in road building (Newberg2)9

Although the long-run marginal cost of expandingd® (or the scarcity
price where this is infeasible) might be expectediffer across countries, there is
little evidence that road taxes are set to chalge lbng-run marginal cost.
Nevertheless, there are strong arguments for pirggptigat, until better instruments
such as road pricing are available and accepted, fuels should be set on this
basis. Using UK data, Newbery (2004) argued thatdlad cost alone might be 2.6

28 http://www.fueleconomy.gowives fuel consumption for 2004 year autos, amdtypical ratio of
fuel consumption of city to highway driving is 1.38uel consumption rises rapidly as speed drops
below 35mph (56kph) and is twice as high at SmppiiBas at 30mph (50kph).
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p/km in 2000, or 4 Eurocents/km (2000 pri(ﬁ?s).That would translate into
€ 400/'000 litres for gasoline, and perh&3&00/'000 | or more for dies%‘lSetting
equal tax rates on gasoline and diesel can be dkdeif the balance is collected
through annual licence charges. The EU averageddaet) gasoline tax in 2001
was€ 577/'000 litre, for the UK was € 815/'000 liteed the minimum required by
EC Directive 92/82/EEC was onfy287/'000 litre. The average diesel rate fas
443, for the UK was€ 865, and the minimum requirement w&g45, all per
thousand litres (EC, 2003). It is hard to justh tunder-taxation of diesel relative
to gasoline. Diesel is both more polluting, anddulsg heavier vehicles that cause
more road damage, but diesel engines are moreefi@ent. Unless diesel
vehicles use congested areas relatively less thswolige vehicles, a higher tax per
litre would be justified to achieve even the sammerge per km.

If environmental taxes are levied on road fuelswasld be logical for
carbon, sulphur and lead) then the price of fuélisb& higher by the amount of
these taxes. Newbery (2004) estimated the sunr pbhiition costs at £1.6 billion
(€ 2.6 bn), although using the BeTa (average riiglyes and DEFRA (2004)
allocation of pollution to transport gives a rathégher figure of€ 4.4 bn. Water
pollution costs were estimated at £750 m and npdkition at £1.3 bn. If the
carbon cost were taken on the high sid€ 90/tC the carbon tax would collect £1
billion, making the total road fuel charges add1®.6 bn. That compares with the
2000 total from fuel tax of £22.3 bn, and fromralhd taxes (but excluding VAT)
of £27.7 bn. Roadostswere thus only 60% of UK rodexes

One appealing method of setting such road useigebas to devolve
responsibility to an independent regulatory agefay is done for setting the
charges for using other infrastructures, such as dlectricity grid and gas
pipelines). The charges would then be set on singlinciples (to recover
operating costs including maintenance, as welhtseast and depreciation on the
replacement cost). As more sophisticated formsax ipricing are introduced, they
would replace the road user charge element of foeldtax (and vehicle excise
duty) on an equal revenue basis, minimising theugi®n to both voting motorists
and the budget. It may also be possible to disodtei between more and less
polluting vehicles through the annual vehicle Ieeree (which varies by type of
vehicle).

If we return to the question of the justifiableaotax on road fuel, we

2 The largest uncertainty is about the capital vefitee road network, which is taken20 billion
for the UK, with interest calculated at 6% real.

%0 For diesel cars, Eur 540/'000 |, and for heavyoket 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 dedligned for that purpose.
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need to add all environmental taxes and optimabniniariffs. If all the estimated
UK environmental costs (excluding any carbon tagjenoaded on to fuel taxes, it
would add an extr& 95/'000 litres to gasoline and € 165/°000 littesdiesel
(which emits more PM). If carbon were charged at the ETS price€a#3/tC it
would add€ 29/°000 litres, or less than 6% to the total raadr charge. The object
of the oil import tariff is to reduce consumptiohooude oil. As both crude oil and
products are traded, the object would be to reth&d¢otal demand for crude oil at
least cost to consumers. If the demand for HFO dsenprice elastic than the
demand for lighter fractions, this would imply @tmér tax per tonne on lighter than
heavy products. If the optimal EU oil import tanfiere taken as an intermediate
value of€ 40/TOE (i.e. the moderate tariff case in Tablea?) if gasoline and
diesel were subject to an import tariff twice aghhas heavier fractions, then the
effective tariff on gasoline and diesel would&#8/TOE or about € 38/°000 litres.

The pre-road user charge gasoline tax (coveringnaitsions and tariffs)
would then be€ 95+29+38 = 162/'000 litres, and the justifiedatagasoline fuel
tax would then b& 562/'000 litres. For diesel the non-road chalgenent would
be € 165+29+38 = €232, giving a total road diesel téx€ 732/'000 litres,
although in both cases some fraction could be mreovfrom annual license fees.
At these (high estimates of) appropriate tax letlesUK would still be overtaxing
both road fuels. If we take a lower optimal impianiff of € 29/TOE these taxes
would be reduced b§ 10/'000 litres, and other EU countries would kLi# lse
undertaxing diesel (and most would be undertaxaspline), unless they have high
annual license fees.

51 Interactions between road user charges and othéuel taxes

The effect of charging all road users the average end emissions cost
by a fuel tax would be to cause road users to iriiesore fuel-efficient vehicles.
In order to charge the same amount per vehicleskbeéore, road fuel taxes would
need to be higher than if road users were chargedther means, such as the
electronic devices now used on trucks in Germargndéery, 1992). On the other
hand the distortionary costs of charging for roa€ thhrough fuel taxes rather than
road pricing, and for pollution on fuel rather themissions argues for reducing the
rates of tax somewhat (as discussed in sectioto@/pe

5.2 Other reasons for taxing road fuels
Parry and Small (2002) claim that additional teomtis justified by the

impact of road user charges on labour supply. Taeue that if leisure is
weakly separable in utility, then personal tragehirelatively weak substitute for
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leisure if the expenditure elasticity for distarivelled is less than one (which,
in developed countries, is normally the case). Tinavides a case for relatively
higher taxes on travel, but there is an additiaftdct to consider. Congestion
increases the costs of travel to work, and roadeprithat reduce congestion
therefore increase labour supply and hence redueedistortionary costs of
labour taxation. They claim that there is an addai benefit from reducing
congestion over and above the pure efficiency effagstifying yet more
gasoline taxation. However, if road capacity isimptly expanded to maintain
an efficient level of congestion and if road usanes already charged the long-run
marginal cost of supply road space, then there iadditional charge.

Parry and Small (2002) estimate that the Ramseypoaent of the
optimal gasoline tax would be 6-7 US cents pee ldr € 100/°000 litres. The
congestion feedback would be 0.3-2 cents per (litie low figure being for the
USA, the high figure for the UK, neither arguabppéicable). Their estimates of
the optimal gasoline tax (including accident andlybion externalities but with
carbon tax at $5/tC and ignoring any optimal ailffpamount to US (2000) 95
cents/US gallon§ 390/°000 litres) in the US and €530/°000 litradhie UK.

6 EMISSIONS TAXES AND THE “DOUBLE DIVIDEND”

If externalities are dealt with by tradable perraitsl if these are allocated
free of charge to incumbent firms, as with the Efffese firms will enjoy a rent
transfer compared to the case in which the extecoals are addressed by
corrective taxation. Some economists have arguatimhposing environmental
taxes can deliver a “double-dividend” — double hseathey first improve
efficiency by reducing pollution to optimal leveland in addition allow the
efficiency of the tax system to be improved by m@dg more distortionary
taxes>' The discussion of the Ramsey corrective case dditianal fuel taxes
considered above is different in that would applgreif the tax system were
otherwise optimal, whereas proponents of the dodblalend start from the
claim that the existing tax system is sub-optimal.

There is considerable confusion created by the Hodsed to
demonstrate the existence of a double dividende Nloat any representative
agent fiscal model misses the main point of digiodry taxation, which is to
address issues of equity, so any argument deri@imgarginal cost of public
funds from such models is fatally flawdif the tax system is optimal, then the
sole additional benefit from pollution taxes liesthe small overall reduction in
taxes that the extra revenue raised allows (apart the case of non-separability

31 For discussions of the double-dividend hypothssise.g. Goulder (1995) and Smith (1998).
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considered abové’f. If the tax system is not optimal, it needs to heven why
pollution tax revenue can be better targeted aticied particularly distorting
taxes while other tax revenue sources apparentinata Conceivably, the
Government could be aware that a particular taevirefficient (e.g. taxes on
savings) but might be reluctant to reduce suchxafta meant raising another
tax, from which there would be bound to be vocifexrdosers. Perhaps public
opinion would allow a virtuous pollution tax thabudd relax this constraint
while they would be unwilling to accept anothesdelistortionary tax change.

In some cases there are potentially clear advastag@axing emissions
rather than allocating tradable permits, even imeatain world where the
Weitzman uncertainty argument is irrelevant. Thé&SESEheme will raise the cost
of marginal carbon-based electricity generatiord ana liberalised electricity
market, raise the market-clearing price. If, asmsedikely, the marginal
generation is more carbon intensive than the aeertigere will be additional
inframarginal rents to incumbents until entry ofaneapacity restores long-run
equilibrium. If in addition generators receive pésithat can be traded, they
will be compensated for most of the extra costs aiidenjoy all the extra
revenue from higher prices as a windfall. The inipad| fall on tradable
energy-intensive industry (particularly aluminiumgnd final consumers.
Provided new capacity is not allocated permitspouaind investment decisions
need not be distorted, but the Government will Havegone a sizeable quantity
of revenue (£1.6 billion at the 2005 EUA price e tUK, or 0.34 of 1% of tax
revenue) that could have been used to increasdfitseae reduce taxes. The
distributional impact is roughly the effect of arip sum tax on all consumers
financing a transfer to rather rich share-holdergl as such is unappealing, even
if on a positive theory of instrument choice (sadtAand Dutta, 2004) it is likely
(and thus a costly constraint on feasible tax re§)r

7. THE CASE FOR HARMONIZATION
The standard case for harmonizing taxes within stocos area is to

reduce internal trade distortions and enhance reeléand possibly co-ordinate on a
common effective external tariff (particularly redent for oil). That becomes even

32 |f there is a single agent the optimal tax is fusum.

33 The formulae for optimal pollution taxes are afetby the presence of distortionary taxes in
quite complex ways, as Atkinson and Stiglitz (1988,5 and 16.2) demonstrate. In a similar vein,
Bovenberg and de Mooij (1994) argue that distoetigriaxegeducethe corrective tax compared to
the simple Pigouvian formula. One interpretationthat imposing the Pigouvian tax without
recognising its interactions with the rest of tag system wouldeducewelfare (compared to the
correct tax), the apparent opposite of a doubleldid (but see Fullerton, 1997).
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more important with capital and labour mobility,iaghe EU Single Market. If so,

then the prime concern would be with differencestdn rates on inputs to

production, and possibly for consumer products el@nsumers can arbitrage
across frontiers (as with road fuels near countrgérs).

The CEC commissioned a paper on the impact of fahtion on
technology choice for the Green Paper on Energurg¢EC, 2001, Annex 2).
The aim was to see whether fuel taxation distotiedchoice of technology for
new investment compared to no taxation (not contperehe appropriate level of
carbon tax). The paper studied power generatiodusinal steam raising,
household space heating, and private cars, usingnia price data for 2000 and
found surprisingly modest distortions. For domesipgace heating Ireland and
Spain are dissuaded from using gasoil insteadeofitbre costly (pre-tax) natural
gas, but otherwise natural gas dominates pre amstitgpa Belgium, France,
Germany and Sweden encourage diesel-powered cstesadnof the preferred
gasoline powered cars at 18,000 km/yr, though egdisve no effect on the least-
cost choice at 13,000 km/yr.

Even where fuel excises do not affect the choicdeohnique, their
differing level affects the cost of production ameince potentially distorts trade
within the EU. Very different diesel prices may dav foreign compared to
domestic haulage (as argued in the UK) and maydairoperly charge for road
use costs when vehicles transit without refuellifigere are other solutions to these
problems, such as vignettes, but there are alsaingstipressures from the
Commission to harmonize road fuel taxes to avoidenbaireaucratic and intrusive
alternatives.

Apart from road haulage, where fuel excises (atrotvehicle excise
duties) are a significant fraction of productiorstsp and a few energy-intensive
industries (metallurgy, fishing, some chemical psses), energy taxes are a
relatively small fraction of the final price, anceaunlikely to lead to major trade
distortions. In many cases, even at current naggaaland carbon prices, natural
gas is so obviously the preferred choice wheréakflsagnhich rules out transport),
that high oil and low coal taxes have relativelyonieffects. That could cease to
be true if natural gas prices were to rise and weat to become the preferred fuel
for power and steam raising. At that point the latktelligent taxation could have
adverse effects, though the strict environmentatiraints placed on coal burning
in large combustion plants and the ETS may offsstrisk. Moreover, natural gas
is arguably the one fuel where a security premiperh@aps via the requirement to
hold adequate natural gas in store) might wellistfied, suggesting some benefits
from a more rational 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 unily across the EU (as they do for
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carbon taxes, and might approximately at leastdad user charging), then most
countries should have similar tax rates. The ma@son why this might not be the
case is that the Diamond-Mirrlees argument of aring inputs assumes that it is
no more costly to collect value added than inpxeétaEnergy taxes are particularly
cheap to collect, so it may well be that in lessdampliant countries they remain
an advantageous instrument compared to VAT andionie taxes (Newbery,
1997). If different EU countries face differentlection and compliance costs, they
may well be advised to choose different energystexctures, quite apart from the
political opprobrium attached to changing the éxjsform of tax collection. EU
energy taxes score quite well on the “silence eflucked goose” test.

8. CONCLUSIONS

Most energy taxes are excise taxes that fall ordymers. Standard
arguments imply that taxes should be concentratefinal consumption, raising
the question addressed here of why energy shouttxbd? Three justifications for
energy excise taxes have been advanced and haievitien the EU and also for
the US — as an optimal import tariff, where eacditrg bloc has considerable
market power, as a carbon tax or equivalent pedmirge to reflect global
warming, and as a second-best method of chargihiglee for road use. For the
EU and the US, the combination of the optimal taifd carbon tax suggest oil
taxes of between 36 to 1EITOE with a median value of 79 €/TOE (or 26 US
cents/US gallon of gasoline). If road fuel taxesiatended to cover road costs, the
gasoline tax (including the optimal tariff and cambtax) might be as high as 565
€/'000 litres (2002 prices, or $2/US gall.)

The fourth justification for using energy excisgdsi is to correct failures
elsewhere in the tax system (primarily failures tugcome tax evasion), although
the “double dividend” argument is suspect. Theteelargument that energy taxes
on consumption (i.e. differential rates of VAT ameegy as in the UK) can improve
the redistributional impact of the tax system aisiies on the inadequacy of the
income tax and/or benefit system. That is not taydbat politicians often defend
distortionary energy taxes on distributional gragjriglit the public finance case is
usually weak. The opposite argument that becamuse $uels are price inelastic
they should be heavily taxed on revenue raisingirgie is equally invalid, given
full coverage of direct and indirect taxes, althoiighas some appeal if tax evasion
is a serious problem (Dixit and Newbery, 1985).

Global warming argues for a carbon tax, but palitexpediency and the
need to decentralise the public good of reduced @Hiizsions favours emission
trading schemes rather than fuel taxes. Theselsyeatiractive for Spand NQ,
where the damage caused depends on the exteneasf-igb and possibly on
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location and time, so the permit markets can beemadional and time-limited.
Emissions charges or taxes rather than fuel taxeesany case potentially better
targeted on the harm done. The inefficiencies chbgeemission price volatility
can be reduced by allowing inter-temporal tradkspagh the loss of tax revenue
has fiscal opportunity costs (Bovenberg and GouRigd?2).

Fiscally the most important energy taxes are tloosead transport fuels.
They can be defended as a second-best mechanisrhaiaing for road use and
environmental damage. The European Commission eddfs Transport White
Paper on the future of the common transport palicyt8 July 2001, which sets out
a new charging policy:

The principles for infrastructure charging will ladigned and
fuel taxation for commercial use harmonized. Thegration of
external costs must also encourage the use of matitea lower
environmental impact and facilitate investment irewn
infrastructure. The current Community rules neetldaeplaced
by a modern framework for charging infrastructuse.u

Until more efficient charging methods are evolvddel taxes will
continue to play an important part in charging foad use. The two main
arguments for harmonizing commercial road fuel $aaee that it will discourage
tax arbitrage between countries and encouragedbptian of sensible road tax
policies. It seems likely that the efficient levelg road user charges are more
similar across the EU than the present patterniesetitaxes (whose unweighted
coefficient of variation, CV, was 22% in 2001). Teame arguments apply with
somewhat less force to gasoline taxation (CV 1%#%)his falls primarily on final
consumption. The main distortionary effect of diffietial gasoline and diesel taxes
is the inappropriate choice of diesel for passengehicles. This can be
discouraged by increased vehicle excise dutieseseiccars.

The other striking feature about energy taxatiothé low taxation on
coal relative to a sensible carbon tax policy, Hrvery variable taxes on LFO
and HFO. Natural gas is also relatively under-taxempared to its main
substitutes in power generation, which, given teavig import dependence on
insecure supply sources, is somewhat surprisingte€ing domestic customers
from high energy taxes is politically understandabhl colder countries where fuel
poverty continues to be a serious problem, althotagigeted subsidies are
preferable and feasible. Ensuring efficient re&fivices of power generation fuels
is a logical counterpart to pressures to integtia¢esingle European electricity
market. The ETS, by creating an EU wide marketG&: will go some way to
addressing these failures, and ought to promptra systematic rethink of at least
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European energy taxation.

There is always likely to be political resistanceenergy tax reform,
either from voters or finance ministers. The UK ledk substantial excess
revenues from energy taxes compared to the EU patpaand the Chancellor of
the Exchequer has indicated that they are justiiedinancing social expenditures
on health and education. Countries that have $e thieir transport fuel prices risk
arousing the organised opposition of transport aipes with the support of the
motoring public, as was demonstrated dramaticallgritain and France in 2000.
Nevertheless, as energy markets become more itgdgrand permit trading
becomes more common for addressing pollution pnaflepressures for
harmonization will continue and may lead to steaflyslower than desired,
convergence.

14/02/05



Why tax energy? 41

References

Aidt, T. S. and J. Dutta (2004), “Transitional pick: emerging incentive-based
instruments in environmental regulationdJpurnal of Environmental
Economics and Manageme#t, 458-79

Atkinson, J. and N. Manning (1995), “A survey demational energy
elasticities”, ch 3, 47-105 in T. Barker, P. Ekamgl N. Johnstone (eds.)
Global Warming and Energy Demaricdondon and New York:
Routledge

Atkinson, A.B. and J.E. Stiglitz (198@ublic Economicd,.ondon: McGraw Hill

Austvik, O.G. (1997) “Petroleum taxation and thiegs of oil and gas”. In
Aakvaag, T. and F. Mueller (ed&yropean Energy Supply at the Turn of
the Century. Natural Gas and Electrigifgbenhausen: Stiftung
Wissenshaft und Politik.

André, M., D. Hassel and F-J. Weber (19B8)yelopment of short driving cycles
INRETS Report LEN9809, May.

BeTa (n.d.Benefits Table database: Estimates of the margirt@rnal costs of
air pollution in Europe EC Commission DG Environment available at
http://europa.eu.int/comm/environment/enveco/aidbe02a.pdf

Bovenberg, A.L. and R.A. de Mooij, (1994) “Enviroantal levies and
distortionary taxationAmerican Economic Revie84, 1085-1089

Bovenberg, A. L. and L.H. Goulder, (2002) “Enviroantal Taxation and
Regulation” in A. Auerbach and M. Feldstein (ed$andbook of
public economicsvVolume 3. Amsterdam; London and New York:
Elsevier Science, North-Holland, 1471-1545

Clarkson, R. and K. Deyes, (20®3timating the Social Cost of Carbon
EmissionsEnvironment Protection Economics Division, Depemntt of
Environment, Food and Rural Affairs: London, Aug.

Corlett, W. J., and Hague, D. C. (1953), “Completagty and the excess
burden of taxation"Review of Economic Studjed: 21-30.

Deaton, A. (1987), “Econometric issues for tax gesh developing countries”,
in D. M. Newbery and N. Stern (ed3jhe Theory of Taxation for
Developing CountriedNew York: Oxford University Press.

Deaton, A. and Stern, N. (1986), “Optimally unifocommaodity taxes, taste
differences and lump-sum grant&gonomics Letter0: 263—6.

Delucchi, M. (1997)The annualized social cost of motor-vehicle ugbénJ.S.,
1990-91: summary of theory, methods, data and te$avis, CA: Institute
for Transportation Studies

DEFRA (2004)Digest of Environmental Statistid®epartment for Environment,
Food, and Rural Affairs at
http://www.defra.gov.uk/environment/statistics/degéx.htm.

14/02/05



42 NEWBERY

Department of Health (199&uantification of the effects of air pollution oedith
in the United KingdoimmCOMEAP, London: HMSO

Dixit, A.K. and Newbery, D.M. (1985) “Setting thei€e of Oil in a Distorted
Economy”,Economic Journa{1985) Supplement, 71-82.

Dubroeucq, F. and A.D. Ellerman (2004) 'Sourcesmission reductions:
evidence for US SO2 emissions 1985 — 2002' Cambiiigl EP 43 at
http://www.econ.cam.ac.uk/electricity/publicatiomp/index.htm

Diamond, P.A. and J.A. Mirrlees (1971) "Optimalgaxand public production I;
production efficiency’/American Economic Revieél, 8-27

EC (2001)Towards a European Strategy for the security ofgagnsupply Green
paper COM(2000) 769 final, Luxembourg: European @aoimties

EC (2003)Excise Duty Table®Brussels, EC DG Taxation and Customs Union Tax
Policy, available at:
http:/europa.eu.int/comm/taxation_customs/publicesiinfo_doc_

EPA (1996)National Air Quality and Emissions Trends RepBdcument
number 454/R-97-013), US Environmental Protectigeicy

EPA (2004)NO Budget Trading Program 2003 Progress and Compganc
Report,US Environmental Protection Agency available at
http://www.epa.gov/airmarkets/cmprpt/nox03/noxre@8drpdf

Eurostat (2004ptructures of the Taxation Systems in the Eurojéaan,
Luxembourg Eurostat Series C

Farzin Y.H. and O. Tahvonen, (1996) “Global carbgcle and the optimal time
path of a carbon taxQxford Economic Paperd48, 515-36.

Franzén, M. and T. Sterner (1995), “Long-run deneladticities for gasoline”, Ch
4,106-120 in T. Barker, P. Ekins and N. Johns{eds.)Global
Warming and Energy Demanidondon and New York: Routledge

Fullerton, D. (1997) “Environmental levies and drsibnary taxation: comment”,
American Economic Revie@/7, 245-51

Gately, D. and H.G. Huntington (2002) “The asyminedffects of changes in
price and income on energy and oil demagtiergy Journal23 (1),
19-56

Goodwin, P. J Dargay and M Hanly (2004) “Elastestof Road Traffic and
Fuel Consumption with Respect to Price and Incolnigeview”
Transport Review24(3) 275-92.

Goulder, L.H. (1995) “Environmental taxation ane tidouble dividend”: a
reader’s guide”International Tax and Public Financg(2), 157-83

Graham, D. and S. Glaister (2002), “The demanditébomobile fuel: A survey
of elasticities”, Journal of Transport Economics and Poli@6(1), 1-
25.

Hoel, M. and L. Karp (2001) “Taxes and quotas fetack pollutant with

14/02/05



Why tax energy? 43

multiplicative uncertainty'Journal of Public Economi¢83, 91-114
IEA (1992)Energy Prices and Taxes, Second Quarter, 1992is: OECD.
IEA (2004)Energy Prices and Taxes, First Quarter, 20P4ris: OECD.
Karp, L. and Newbery, D.M. (1991a) "Optimal tarifis exhaustible resources',
Journal of International Economic30, 285-299.
Karp, L. and Newbery, D.M. (1991b) "OPEC and th8.WDil Import Tariff',
Economic Journal Supplemeft01, 303-13.
Karp, L. and Newbery, D.M. (1992) “Dynamically Cetent Oil Import
Tariffs', Canadian Journal of EconomicBeb 1992, 25(1), 101-21.
Karp, L. and Newbery, D.M. (1993) “IntertemporaliSistency Issues in
Depletable Resources', ch 19, pp 881-93Handbook of Natural
Resource and Energy Economi¥sl Ill, eds AV Kneese and J L
Sweeney, Amsterdam: North-Holland.
Kemp, M.C. and N.V. Long (1980), “Optimal tariffedexhaustible resources”,
essay 18 in M.C. Kemp and N.V. Long (edS¢haustible resources,
optimality and tradeAmsterdam: North-Holland
Laurie, R.A. (2001), “Distributed generation: reiaghthe market just in timeThe
Electricity Journa)] Mar 87-94.
Maddison, D (1998) "Valuing changes in life expacyain England and Wales
caused by ambient concentrations of particulatéemanimeo,
CSERGE, University College, London
Maskin, E. and Newbery, D.M. (1990) “Disadvantage@ul Tariffs and
Dynamic Consistency’American Economic Revie®0 (1), March,
143-56.
McCubbin, D.R. and M.A. Delucchi (199%pe social cost of the health effects of
motor-vehicle air pollutionreport 11 in serie§:he annualized social
cost of motor-vehicle use in the U.S., based 0@-Bd9data Davis, CA:
Institute for Transportation Studies
Mayeres, |. (1999), “The distributional impactspalicies for the control of
transport externalities: an applied general equilib model”, Fondazione
Eni Enrico Mattei (Global Network of Environmeng&tonomists),
Working Paper 8.99. Available at www.feem.it/welitac wp.html.

Mirrlees, J. A. (1979), “The theory of optimal tdixe”, in K. J. Arrow and M.
D. Intrilligator (eds)Handbook of Mathematical Economigsmsterdam:
North Holland.

Newbery, D.M. (1976) “A paradox in tax theory: Optil tariffs on exhaustible
resources”, SEER Technical Paper, Economics Depattr8tanford
University

Newbery, D.M. (1988) 'Road User Charges in Brit&abnomic Journal
(Conference), 161-176.

14/02/05



44 NEWBERY

Newbery, D.M. (1989) "Cost recovery from optimallysigned road€s,conomica
vol 56, 165-85.

Newbery, D.M. (1990) "Pricing and Congestion: EauoimPrinciples Relevant to
Pricing RoadsOxford Review of Economic Policyol 6 (2), 22-38

Newbery, D.M. (1992) "Should carbon taxes be aatukti to other transport fuel
taxes?Energy Journglvol 13 No 2, 49-60.

Newbery, D.M. (1995) "Removing coal subsidies: lsgilons for European
electricity marketsEnergy Policy23(6), 523-33.

Newbery, D. M. (1997) "Optimal Tax Rates and Tasife during Systemic
Reform',Journal of Public Economic$3, 177-206

Newbery, D.M. (1998Fair payment from road-users: A review of the enabeon
social and environmental cosReport published by Automobile
Association, February.

Newbery, D.M. (2004) “Road User Charges”, in S. €3&m (ed.Jaxes on
PleasureOUP, forthcoming
Newbery, D.M. and G Santos, (1999) 'Road TaxesdRiz®r Charges and
Earmarking'Fiscal Studies20(2), 103-32
OECD (2003akEnvironmentally Related Taxes DatabaBaris: OECD
OECD (2003bkEnergy Balances for OECD Countries 2000-20Paris: OECD
Parry, I. W. H., and Small, K. A. (2002), “Does tam or the United States have
the right gasoline tax?”, Resources for the FulDiscussion Paper 02-
12. Available atvwww.rff.org/disc_papers/2002.htfarthcoming in
American Economic Review

Pesaran, M.H, R.P. Smith and T. Akiyama, (1998¢rgy Demand in Asian
Developing Economie4998, Oxford: Oxford University Press

Rowat, C. (2000Additive externality game®hD, Cambridge University.

http//www.econ.cam.ac.uk/phd/CIR20/master3.pdf
Smith, S (1998) “Environmental and public finanspects of the taxation of
energy”,Oxford Review of Economic Policd4(4), 64-83.
Stern, N. (1987), “The theory of optimal commodityd income taxation: an
introduction”, in D. M. Newbery and N. Stern (edBe Theory of Taxation
for Developing CountrigdNew York: Oxford University Press.
Tahvonen, O. (1997) “Fossil fuels, stock exterrejtand the backstop
technology”,Canadian Journal of EconomicsXX (4), 855-74

Ulph, A. and D. Ulph (1994) “The optimal time patha carbon tax"Oxford
Economic Papers16, 857-68

Weitzman, M.L. (1974) “Prices vs. QuantitieRev. Econ. Stud.l (4), 477-91

Wirl, F. (2003) “Tragedy of the commons in a statltadynamic game of a stock
externality”, University of Vienna Working Paper 45

14/02/05



Why tax energy? 45

Appendix: Deriving the optimum Nash-Cournot import tariff

Leth(p + T‘) be the money value of utility for a consumer autryj facing a
domestic price of oip + 7. If the country produces an amoynof oil, then the
total welfare of the country &/ = \V/(p +7) + p.y+ 7 ¢. By Roy's identifyd = V/;
where the subscript indicates the derivative vwagpect tg.

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

ow op op
= (V. +Y) -7 1+ | =0, Al
37 (V, y)ar vpp( drj (A1)

suppressing references to time and country. Ona#isamption that producers
(including producers within the country) have alleganade their output decisions
at the moment tariffs are chosen, total supplya#etl X(t), is inelastic, but supply
must equal total deman@;

X=->Vh. (A2)
i

This can be differentiated with respectﬁcﬁnoting thatX is independent af) to
give

a—pi= Vo (A3)
T D Vhe
j
This can then be used in (Al) to solvetor
v Y-q
p= Vo= S (Ad)

2Vh Saqlip

For the linear case in whio = ¥22f(p* - p —7)?, consumption demand is given
byq =d B(p* - p—7), whered' is the share in untaxed outp@,= B(p* - p), the
formula for the tariff is

r'=(a'- ylQ)(p* -p).
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