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INTRODUCTION

Acid air pollution has been considered an importatd@rnational policy issue since the early
70s. In Europe, several initiatives have been ta@ebate acid emissions, by focusing first on
SO. Following the 1979 Geneva Convention on Long Ramgansboundary Air Pollution
(LRTAP), that was developed in the framework of thdECE, the European Commission
implemented a policy of abatement of sulphur enoissito air from power generation and
industrial sources, with the Directive on Large @ustion Plants (LCPD). Two LRTAP
protocols have been successively agreed upon inke(d985) leading to the so-called 30%
abatement club, and Oslo (1994), that defined ribfferentiated, national targets for 5O
abatement on the top of emission standards forcesuand agreed specifications of the best
available technologies to be used by operators.affneed long run objectivenot addressed
by agreed abatements targets and timetables, resdtece S@ emissions in a way that acid
deposits will be below the 5-percentile criticahdis identified for each unit zone in Eurépe
Up to now, regulatory requirements agreed uponiwithe Protocol are not providing the

1.- This article is based on a study done in 1988b authors for the DGII. See Cros and Godar@§)L9

2.- Respectively research assistant and directoesdarch, International Centre for Research orireamwent
and Development (CIRED), a joint unit of CNRS andHESS, 19 Rue Amélie F-75007 PARIS.

3.- Article 2 of the Oslo Protocol states that Rarshould take any possible measures not entaogssive
costs to limit their acid deposits in the long wmder the sulphur critical loads. The European Canity has
endorsed the same long run objectivef 'no exceedance ever of critical loads and Iévals its

5th Environmental programme adopted in 1993.

4.- In the context of this article, each time aiterial dimension is implied, ‘Europe’ or ‘Europ@ashould be
understood as the whole European territory concehyethe Oslo Protocol, i.e. including non EU pati)’
then refers to the territory of the present menaoemntries of the European Union.
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means to reach this long term objective. Introdgigiew policy instruments or significantly
tightening existing ones will be necessary to redihe gap.

The aim of this article is to provide a broad mdliof, and to make suggestions about,
the possible use of S@elated allowance trading as a policy instrumeribé adopted by the
European Union (EU), in order to implement a cdBtient move towards the long term goal
of respecting acid critical loads everywhere in tBg. The expected transition will be
sufficiently long to make it profitable to pay ftire initial organisational investment required
for the development of trading schemes.

Our main goal is to envisage trading solutions WHit the essential features of the
present institutional context of the European dicigiion game, that combines EU and
international (UNECE) featurésMore specifically, we take the LRTAP Protocol@$lo as
granted, regarding its main rational€his framework allows some margin in using ecoromi
instruments, but poses constraints that rules fioisgons trading should meet. Namely we
interpret this Protocol as providing two main coaisits:

* national emissions caps for stationary sources haea agreed on according to a timetable
specifying targets for several years (2000, 20030,

» deposition caps for each unit zone of a Europeantaeal grid should be respected
according to a 60% abatement target -as a firgt stethe gap between current deposits
and the 5-percentile critical loads.

The second constraint is not formulated as sudhenProtocol, but results from the
way differentiated national targets have been edriat, and from the expected rules which
will be imposed on joint implementation. It intrazhs a major departure from what has been
the main experiment in SQrading, i.e. the Acid Rain Program developedh@ USA since
the 1990 Amendments of the Clean Air Act: a nationarket for SQ allowances has been
set up, on the top of local regulations aimingoatl environmental protection, for the whole
territory, from Boston to Los Angeles; providedttlaral regulations are met, $@®ading can
be achieved without any specific constraint of tasa(Godard, 1994 ; Rico, 1995).

Although no existing policy and measures can gueearthe respect of both
constraints, the challenge our proposals try te i@k is to design trading schemes which fits

5.- As is well known, switching from national totémnational contexts involves not only changingiterial
scales, but the very nature of the co-ordinatiavbjgm (Godard, 1992; OECD, 1992a). In a nationatext, a
State administration is supposed to have the cgpiacenforce a new law on every citizen, even ¢habo feel
themselves to be net losers from the change ofllaan international context, a new rule has tabeepted by
each Party and there is a severe problem of patefnée-riding. In the context of the EU, the sitoa is
intermediate, depending on the nature of the iasidethe type of voting procedure (unanimity or migjp

6.- By March 1997, only four countries had formathitified this Protocol: Denmark, Netherlands, Nayand
Sweden. This number is insufficient to give it drigding legal value. The assumption supportingattele is
that this Protocol will eventually be enforced.
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them. It is not our purpose in this article to pep detailed rules regarding any practical
question that would be raised if such an instrusiewere considered for practical
implementation. Neither is it to establish a systeemcomparison of tradable permits with
other economic instruments, such as incentive itaxabr with Command and Control (CAC)
approach€’s or to elaborate an integrated framework usingvadhce trading for all types of
atmospheric pollutants (NOx, PM, ..). We intendstmply give a sense of why it might be a
good idea to develop S@ading schemes for organising the EU action ajainid deposits,
and what could be the broad design of such tradaigmes. Accordingly it provides some
insights on how to shape an economic instrumenasséo make it compatible with basic
institutional features of existing regulatory regsn

Such proposals are conceived for an implementdioited to the power generation
sector, although an extension to all large combuasplants, including SOemissions of
refineries, would be profitable so as to enlarge harket and set a more comprehensive
action framework.

This paper contains two main parts. The first depelthe issues of the European acid
policy, and sets out the general background ofré¢teted regulatory regime. It also gives an
overview of the theoretical and actual featuresewfissions trading mechanisms. It then
considers the potential attractiveness ob 8@ding in the EU. This background throws light
on the more specific analyses and proposals deschibthe second part of the paper, which is
devoted to a presentation of possible frameworksSiG, trading in the power generation
sector in the EU. In section 2.1., we look at sdag design variables. In section 2.2., we
present three alternative ways of designing a nigadicheme. In section 2.3., we consider
specific issues related to zoning and scaling.

1. GENERAL BACKGROUND

1.1. Issues in European acid policy

Airborne acid deposition has been considered amesgjaronmental problem in Europe for a
significant period of time. A key achievement ofettUN Conference on the Human
Environment held in Stockholm in June 1972 was dou$ the attention of European
governments on this issue. Since then, successli®y pesponses have been given.

Major recent steps have been: the LRTAP 1985 PobtofcHelsinki on SGQ, which
led to the so-called 30% Club, i.e. countries cotting themselves to achieving at least a

7.- This has been achieved in the context of OE&#®2 for example 1993, 1994) or, more recently,|’&C
process (Working Group IlI's 1995 report).
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30% cut in SQ emissions by 1993 relative to 1980 levels; the 88 Large Combustion
Plants Directive (LCPD) (88/609/EEC) introducing S4d NQ emission standards for new
plants (after July 1, 1987) and global country capsmissions from existing sources, with
three stages (1993, 1998 and 2003); and the LRT9® Protocol of Oslo defining new and
differentiated targets for emission abatement @eracountry basis. For the first time at this
level, major progress has been planned for emisdram both new and existing plants, with
most European countrfesequired to make overall reductions in emissiofigt@%-80%
relative to 1980 levels, with a mean value of 6% the EU. Table 1 gives targets for a
selection of countries.

Table 1: national emission targets for 58t by the Oslo Protocol

Countries Actual emissions Sulphur emission caps Abatement percentage

kt SO, per year (reference year 1980)

1980 1990 2000 2005 2010 2000 2005 2010
Austria 397 90 78 - - 80 - -
Belgium 828 443 248 232 215 70 72 74
Denmark 451 180 90 - - 80 - -
France 3348 1202 868 770 737 74 77 78
Germany 7494 5803 1300 990 - 83 87 -
Greece 400 510 595 580 570 0 3 4
Italy 3800 - 1330 1042 - 65 73 -
Netherlands 466 207 106 - - 77 - -
Spain 3319 2316 2143 - - 35 . -
Sweden 507 130 100 - - 80 - -
United Kingdom 4898 3780 2449 1470 980 50 70 80

The Oslo Protocol reveals tension between the eatfithe commitments taken by
governments and the type of thinking developed ndurthe preparatory work. The
commitments are formulated in terms of nationalirgs, although preliminary work was
focused on catching decentralised connections legtwecalised sources and localised
deposits, according to a grid of 150 km X 150 kriis¢érrespective of national boundaries.
This was achieved with the help of the EMEP mo@einsequently, experts were working to
obtain the maximum practical acknowledgement tmaissions generate different impacts,

8.- Within the EU, exceptions are Spain, Greeadaid and Portugal.
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depending on their locatichMoreover, the EMEP assessment of pollutant tramsgrmws
that one receptor zone can often receive depasite farious sources located in different
places. There is at present a risk that a countifysatisfy its national target by decreasing
emissions from plants which are not the most dangagh concentration of the abatement
effort on a few plants located in the same regiay ralso occur. The result would be an
unequal impact on various receptors - some will tbe@ situation improved, while others
may see little change from the present level ofodép. So, the protocol does not include
regulatory measures that could guarantee the aamient of its long term objective. This is a
new challenge, whatever policy instrument is used.example, to secure this objective with
emissions standards, they would have to becomelublgo stringent for every existing
source. This could be dramatically costly.

An alternative to CAC would be the introduction oétional markets for SO
emissions allowances in the power generation semtoording to the bubble concept, i.e.
national zones within which exchanges of emissidlowances are accepted without
constraint. This would not change anything in tegal situation established by the Oslo
Protocol, regarding the obligations that have tdubidled relating to physical environmental
performance. To the extent that national ceilinggehbeen accepted by the Protocol, there is
no reason why the location of the abatement effartbin countries should create a legal
problem, provided that other rules included inRmetocol are met. This bubble approach may
improve the cost-effectiveness of the measureshhae been decided centrally. Generally
though the bubble concept is applied to situatwhere the regulator wants to develop cost-
effective means to reduce emissions without wogrghout the location of emissions. This is
not really the case as regards acid deposits iodeuBY itself, setting-up national bubbles in
the electricity sector could not guarantee theeament of a cost-effective abatement plan
meeting the goal of a 60% -and further- reductibthe gap between current deposition and
the 5-percentile critical load. So, at best, natloschemes of trading emissions allowances
would be partial mechanisms. This realisation sthombt lead to such schemes being
dismissed out of hand. Rather, it may mean thaieloimy else is required to supplement the
instrument.

One article of the Oslo Protocol is of interestthis respect. Article 2, paragraph 8
acknowledges the future potential of joint impletagion. It says: the Parties to this
Protocol may, at a session of the Executive Bauyccordance with rules and conditions
which the Executive Body shall elaborate and addgtide whether two or more Parties may
jointly implement the obligations set out in ankeX This scope for joint implementation
seems to open the door to the possibility of samermational exchange of targets. So, under

9.- It may matter a great deal whether they aratixtin the North or in the South of a given coyrmarticularly
if it is a large country, such as Germany.
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conditions that still have to be speciftedthe EU countries could envisage a pooling of
efforts by adopting a single emissions quota ferEkJ.

This idea of an EU joint implementation faces twpeis of obstacle:

» Firstly, there is a risk that a strictly regulatgnt implementation scheme will raise
obstacles to the flexibility already existing a¢ tmational level. For instance, a conflict may
emerge between the development of national tradoigemes as a way to implement
national ceilings, and an EU joint implementatisimce new constraints related to critical
loads then have to be incorporated into the ride®ther conflict may arise between the
rules and requirements imposed to joint implemertaand the flexibility needed for the
development of EU-wide trading schemes. In botlpeets, too cautious an approach to
joint implementation may create additional consiiaiwhich make the exercise unfeasible
or cause it to lose its economic attractiveness.

» Secondly, a full development of joint implementatimay call into question the rationale
of the political negotiation which resulted in ttistribution of national targets set in the
Protocol. The national ceilings represent politic@mmitments which often involve
difficult considerations and tricky compromises. firoposed regulations for joint
implementation introduce new allocation rules (fostance a merging of all national
targets of EU countries into one overall EU targedjstributed among countries according
to some new rule) they can meet severe politicglospion or require an entirely new
negotiation.

A way between these two types of obstacles has found. Up to now, the proposals
formulated by the Working Group established in ¢batext of the LRTAP envisage mainly
bilateral agreements between decentralised soufbey. also focus on the protection of the
interests of third parties and the proof requikedhow that a specific joint action will achieve
progress towards reducing the critical loads gdpe @cceptance of a joint implementation
agreement between two or more parties would reghieeconsensus of all parties. Such
proposals are very far from the concept of an @omnssor deposit allowances market and are
more in the spirit and form of political agreements

Meanwhile, an original feature of the Oslo Protomak the great attention paid to the
cost and economic efficiency dimension of the nesasures. A specific committee (Working
Group on Strategies) was in charge of this dimemsidis group’'s objective was to sketch
emission abatement scenarios which could simulizsigdake into account the benchmark of

10.- A Working Group has been set up, within thedtxive body of the Convention, to develop thesesrior

joint implementation. It proposes tha& 'joint implementation agreement shall lead to ardase in the
difference between depositions of sulphur resulingn the emission ceilings listed in annex |l d@hd critical

sulphur depositions within the geographical scopeMEP' (UNECE, 1995).
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critical loads and minimise the total economic cokBbatement. This resulted in a set of
targets differentiated by country.

This new concern for the economic costs of acid palicy is quite understandable.
The more stringent regulations are, the greaterrigiethat they will impose unduly high
costs, since it is generally accepted that the margost of abatement is increasing. For
instance, simulations from the RAINS (Regional Aftdtion Information and Simulation)
model have estimated that the regulatory appraathe 1988 LCPD, making use of emission
and technological standards, increased costs hyndr60% compared to the level of costs
that would have been incurred using a flexibleemtive-based approach — for the same level
of environmental performance. Uniformly tighteniogrrent regulations and standards could
again prove excessively costly, at least as fahame still exist alternative courses of action
available at the plant level, and abatement cdffer @cross the whole population of plants.
At the same time, emissions standards, by thenmsdbvang no guarantee about the respect of
critical loads targets.

Economic instruments, tradable permits particulargn be credited with a significant
potential for cost-saving in situations where adbeconomic and technological information
required by centralised executive agencies is hdtaad, and where is a presumption that
marginal costs of abatement are quite differentvbenh countries and between plants. This
seems to be the case with long range SO2 pollutocmnyhich the importance of sources of
uncertainty has been documented by economic st(idi&er, 1989 ; Newbery 1990).

1.2. A short theoretical review of emission tradingystems

The first goal of environmental policy instrumemgsto achieve some environmental end.
Economic aspects are not supposed to be the prioneem. Nevertheless, with the
development of environmental policies, the weightconomic costs and benefits and the
possible conflicts between economic developmentesavitonmental protection have become
increasingly important. This is a logical conseqeemf the extension of environmental
policies. Cost-effectiveness cannot be overlookédrwa policy may lead to a significant or
high level of economic costs. This is now the dasgolicy towards air pollution.

11.- If objectives are set at a level so stringbat they can only be reached with all existinghfdausing the
same specific means (one sort of scrubber, foaims), there is no place for cost-savings to baiodd by more
flexible incentive-based approaches intended teegietthe same level of environmental performance.
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1.2.1. Two major features: securing a global environmental performance and minimising
total abatement costs

A regulatory and an economic approach to polluttmmtrol do have the same ultimate
purpose - a reduction in environmental damage. Mewehey do not cope with this issue in
the same way. Where standards and limits aretsst,d@re usually uniform within a few broad
classes of plants, with the classes varying acogrth the scale of capacity and whether the
plants are new or already existing. The US expeé@eshows that when the regulatory system
is based on environmental quality standards, d @AC approach could lead to such extreme
requirements as a ban on any new economic develdpme "non-attainment” zones
incapable, on a long term basis, of satisfying éhstmndards: growth of economic activity
continuously offsets individual efforts to cut esi@s. Avoiding the need to block economic
development for environmental reasons was oneeofrthin reasons for introducing tradable
permits in the USA in the seventies (Hahn and Hge&&89), first for tackling local pollution
issues (Dwyer, 1992) and secondly for addressiagatiid rain problem countrywide (Rico,
1995).

A brief comparison with an approach based on epmsstandards (Emission
Standards Approach) may be useful for elicitinguargnts in favour of tradable permits. The
first point concerns the securing of a global capemissions of pollutants. Within an ESA,
constraining sources to reduce their emissionbdartaximum level economically possible is
seen as the most direct means of decreasing thkeatmount of pollution flows. With this
approach, it is difficult to assesex antethe total amount of emissions which might result
from the regulations. This will depend on the levkhctivity of sources and the dynamics of
development for the population of sources invol{iesl closure of some facilities, creation of
new sources). Though existing and new sources dogewerally face the same level of
constraints, construction of a new facility satisfyenvironmental regulations will add to the
global level of emissions, since there is no autaafsetting change in the behaviour of
existing facilities.

With an emission trading system, the most intemgstipproactf is to establish a
global cap over the total amount of emissions. Tdap provides global control over and
across existing and new sources. As they are dkifieen this global cap, it follows that
individual allowances will be compatible with theesall emissions targetd.In this respect

12 .- An alternative is the crediting approach:iviglal facilities having received individual capse given
credits for additional reductions they achieveness of the legal requirements. This piecemealcguh does
not allow an easy management of a global constraint

13.- lllegal practices and emissions may occur. tBist possibility may be even greater with a CA@ragach.
With tradable permits, there is a general incerfiveall owners of permits to preserve the valuéheir permits
and to avoid illegal free-riding by others. Theigilance may be useful as regards the seriousrfessntrol of
entitlements. CAC does not provide such an incentiv
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tradable permits provide a level of environmenedusity which is quite superior to that
reached by a traditional ESA approach.

More generally, the two approaches do not imply ssme obligations and
opportunities or the same individual and socialtso$radable permits generate more cost-
effectiveness since they allow to catch the poatiofi cost-minimisation created by individual
differences. Let us illustrate these differencethte following situation. Suppose we have
two sources, Sand $ which have different marginal cost functions M&hd MG. Regulator
decides to decrease emissions by a fixed percemtdgtve to some reference year. For
instance, the regulator can set a target of a ®bction in emission levels. This is illustrated
in Figure 1. $° is the quantity of emissions from source 1 at tineS! is the quantity of
emissions $has to reach at time 1; and so on fer..SThe direct costs for achieving these
50% reductions are as follows:

+S:C+D+E
* S B
» Total social costs: B+ C+D + E
If the sources are allowed to trade on the bastbaif allocated quotas of emissions,

they get another equilibrium. The sources will exulle permits as long as their marginal
costs are still different. At equilibriurw,allowances will be traded at a prige

Marginal abatement cost
A

»  Quantity

Figure 1: a 50% abatement
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Finally, after trading, including transfers payngnhe total abatement costs are allocated as
follows:

*S:(D)+C
*S,;(A+B)-C
* Total social costs: A+ B+ D, withA<<C+E

1.2.2. Additional advantages of tradable permits

Additional advantages attributed to tradable pesnily the economic literature are the
following:

« Limiting the information needed by administrativetheorities to adequately manage the
regulatory regime The authorities do not have to know the abatermest functions of
individual sources. If the initial allocation of qpeits does not match the real cost structure
of individual sources, trading among sources wilirect the situation up to a point where
marginal costs will more or less be equalised.

* Providing a permanent incentive to reduce pollutibeyond what is required by
administrative authorities This is because additional abatement efforts lsanmade
profitable: for instance, the allowances saved lvarbanked for a future use, when this
opportunity is permitted, or sold for money to atfiems.

» Introducing flexibility into the response functiong&adable allowances let decentralised
agents invent new types of responses or new comnmseof responses. In this respect, this
instrument stimulates technological and organigsalicnnovation and will contribute to an
improvement in the conditions under which firms é&w address the pollution problem in
the future. At the same time it avoids the unneargssosts that could have been imposed
by a technological forcing based on a wrong ex asgessment of the costs and economic
conditions involved, as it was shown by the begiggsi (1992-1997) of the Acid Rain
Program where the actual prices on the &flbwance market have reached much lower
levels than generally expected by nearly an ordenagnitude. Changes in the economic
context (for instance, deregulation of tariffs failway transportation) as well as incentives
provided by the new regime (innovation in the sberbbusiness) have been responsible
for lowering marginal costs of abatement (Ellernenal., 1996; Burtraw, 1997). This
demonstrates that allowance trading may be a saireficiency not only by its own sake
but also through avoiding costs that would havenbegosed by other approaches.

1.2.3. From emission permitsto deposition permits

The most spontaneous way to think of tradable gerimithe field of pollution prevention are
tradable _emissionpermits. In most countries, emissions are alreegtyulated through

10
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administrative measures; monitoring systems hawen lieveloped, and so on. To make
permits tradable is just one step further addecdkxasting regulatory practices. Imposing a
global cap on emissions for a given territory (Jganonthly,...) sets a quantitative rationing
that may give birth to a market, once economic egyguolluting firms) are allocated initial
allowances.

However, the framework of a trading permit systannot be the same for pollutants
which are uniformly absorbed by the environment trade which are not, and for pollutants
which accumulate in ecosystems and those which ato In this respect, SOis a non-
uniformly mixed, accumulative pollutant. This meahsat the location of the sources (and
receptors, of course) of the pollutant does maltembient concentratidfiand deposits are
too high in some places, though less than the maare in other places, it generates net
damage, with no physical compensation taking plaketrading permit system should
therefore be established which takes into accdumtdifferential effect of pollutants on the
ambient atmosphere and the receptors. Theoreti¢hlly could lead alternatively to what is
called an « ambient permit system » or a « depwsitiermit system ». In these cases, the
permits are defined in terms of impacts of polluitdows on ambient concentration or
deposition flows for each zone. In both casesgthee as many markets as zones.

For an «ambient permit scheme », the system atiggnin the setting-up of a
maximum value for ambient concentrations of a giypatiutant. Such concentrations are
connected to emissions from various sources. Pedvitlat appropriate data and modelling
capabilities are available, each source is recgigim allocation of permits defined in terms of
impact of emissions on ambient concentration faztheeelevant zone. To implement this
procedure, it should be possible to assess therdism of the pollution flow from one source
throughout the various zones of interest and teutale equivalence rates between unit
emissions from different sources according to theispective impact on atmospheric
concentrations in each zone. One single emissmm Will have to jointly meen ambient
concentration ceilings, defined lnydifferent sorts of ambient permits relatednt@eceptor
zones R. If a source decides to trade some of its pernt#drading activity on the markets
will be interdependent, with the objective of mimsmg the constraint of the most binding R
at the least cost and to maximise the value of peiitrholds. All these transactions should be
ideally organised in flexible, simultaneous markets

A deposition permit system looks the same as tHaearhpermit one, but it focuses on
maximum achievable deposits in a zone. It requinessame high level of information and
modelling capabilities about physical dispersiod &mansportation of pollutants from sources
to receptors, in order to translate a given floweofissions into several zone flows of
deposition.

14.- LRTAP also refers to "critical levels" of areht atmospheric concentrations of pollutants.

11
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In practical terms, both ambient and depositionmpersystems may be much
demanding and entail organisational complicatiatepending on the number of zones they
involve. They have not yet been experimented witlala Meanwhile, intellectually, such
schemes suit the regulation of the,S®oblem, to the extent that the Oslo Protocol pase
general reference to acid critical loads by unitezo

1.2.4. Somereal-life features of allowance trading

It is widely accepted that a tradable permit syst@an be cost-effective in a competitive
environment, and so generate important savingomptiance costs. There is also a rather
widespread view that some "real-life" features megluce the amount of these potential
benefits or add new relevant dimensions for thecehof a policy instrument. Some important
features are now considered.

The context of rules

The institutional context is of great importancéntav a market is run. The authorities have to
define precisely what constitutes a tradable allmea Potential participants have to know
exactly what their rights and obligations are arthimhe legal background (as regards fiscal
aspects, or civil and penal responsibility, fotamee) is. A stringent programme of emissions
monitoring is needed to ascertain the tradablenalfees. A register has to be set up to keep
track of each transaction so as to update the asset of each decentralised agent. Previous
experience has shown how important the attitudethef authorities is regarding the
development of allowance trading, the restrictior@ntained, the extent of regulatory control
of each trade (preliminary authorisation,...), thange of the rules, and so on. For instance, if
administrative services express a basic suspiciotrading, through an accumulation of
regulatory constraints or a fiscal penalty on bignethe market will be thin or non-existent.
This is not a defect of tradable permits as suaghpbthe way their introduction is managed.

The general evolution of economic institutions nadgo have a positive or negative
influence on the development of trading, by chaggdlre perceptions of the legitimacy of the
instrument. If the EU practice of applying quotas ather economic sectors (fisheries,
agriculture, air traffic, and so on) had been bdeedome time on a regime of tradable quotas
or licences, the legitimacy of trading emissiorisv@ances would not be seen to be as much
of an obstacle.

The issue of initial allocation of allowances

12
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To launch an allowance trading system, it is nergs® design a rule for making an initial
allocation of allowances among sources. Politicalys is not an easy task, since political
realism and principles of justice and fairness m@yn conflict. Different rules for allocating
permits can be envisaged (auctions, free distobuticcording to various criteria such as
"grandfathering”, level of technological capabdgj gross product, the potential for emissions
abatement, and so on).

In practical terms, grandfathering is the most diet} criterion of allocation that has
been used in the USA, most recently within the fauork of the 1990 Clean Air Act
Amendments (CAAA). With this rule, the initial atlation of permits is based on past
emissions at a conventional reference year or getm achieve a prorata allocation of the
total cap. So, the more a firm has been pollutmthe past, the more it will receive permits.
Three sorts of justification are generally givernr this criterion: a) since pollution is a
consequence of some industrial activity, it is ftiat each firm receives an allocation
reflecting the technological conditions of its oaativity; b) since past pollution was accepted
by the authorities, some common law right of usagald have to be acknowledged; c) this is
the allocation generating the least perturbatiopusiness activities. Nevertheless firms which
have not yet installed desulphuring equipment witatly benefit, compared to those who
have installed such equipment in the past. Givinghsan advantage to big polluters is often
said to be unfair, and immoral, though it may bmavenient way to avoid strong opposition
from them.

In a context of perfect competition and informatitime general view is that the initial
allocation would have no implications for econonafficiency, even if the distributive
implications are important. Whatever allocationerig used, the market mechanism will re-
allocate the emission allowances in a cost-effeathanner. But in practice, transactions costs
do restrict the fluidity of the market and so dimitive and efficiency considerations do get
mixed together (Stavins, 1995). Consequently, tbal @f economic efficiency would be
advantageously considered at the stage of thaliaitocation of allowances.

As regards equity, two dimensions relating to thmaricial burden are generally
discussed (Tietenberg, 1985):

» Vertical equity refers to a judgement on how tatrpeople having unequal levels of
income or economic capability.
» Horizontal equity refers to the conditions of equaatment given to equals.

Another distinction is between a judgement on thelity of the procedure (fair
procedures, procedural justice) and a judgemetti@justice of the end-results of a process.

Finding a rule for making an initial allocation whi can guarantee a satisfactory
treatment of all these various dimensions and quscloks quite impossible. Due to the

13
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unpredictability of the final allocation of allowess which results from the combination of

the initial allocation and the flow of trades, stgenerally impossible to implement an "end-

result" criterion for equity. Therefore attentiom usually focused on the procedure. If the
initial allocation is considered to be fair, legipeople trade cannot produce a result which is
unfair, provided that no Third Party is affectedabyransaction.

One advantage of auctions is that they could deliae the very beginning of the
process, a reference price on which participamsbese their calculations and elaborate their
strategies. However, this method places a higmamtial burden, in relative terms, on the
poorest participants and on the biggest polluters. Both consequencés! en significant
political disadvantage. Since the goal of publigiemmmental policy is generally not to push
industrial firms out of business, but to implem&thnological means ensuring that industrial
activity becomes more compatible with environmenmgality, without impairing economic
competitiveness, this auction approach does noh sedave so much appeal to governments
that are interested in preserving their industbasis. Some mixed allocation rule may be
envisaged such as 70 % allocated according tortratathering rule and 30% auctioned.

Transaction costs

The higher the transaction costs, the lower cdstgfeness of an emission trading system
will be. A key feature of transaction costs is asce information, in particular identifying
potential trade partners. Searching procedures pheoxen to be costly to participants when
the market is thin. Another feature is the regulatmonstraints imposed by the authorities
(various restrictions, administrative files, delayspredictability of administrative decisions).
A third aspect is related to the scale of the ntarke emissions allowances are not ordinary
commodities, the level of emissions depends moreimwestment choices about the
technology than day-to-day management. Consequeimtlysome cases, the volume of
transactions may not be sufficient to sustain alleggmarket. Accordingly transactions are
going to be episodic and bilateral, and they wilvéa a strategic dimension. Bilateral
transactions sequences will almost certainly nat l&o an optimum outcome. The United
States experience in the seventies showed thaairtdon costs could be as high as 10 to 30%
of the total value of transactions. Brokers cowdduce transaction costs by capturing and
centralising information and facilitating meetingstween potential partners, but their fees
will cover part of the savings made.

It is worth noting that the Acid Rain Program wagpleitly designed so as to limit
transactions costs for both the administration atilities, and reduce the administrative

15.- In relative terms, they have to spend a higlaer of their resources than others to buy allmean
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burden on the instrument. So much lower transactiosts are now expected, though
transactions have not been so numerous until 1995.

Effects on technological change and progress

In competitive conditions, using an economic instemt will generate an incentive to
incorporate technological progress. The opportunitytrade the allowances saved is a
permanent incentive to look for means of achieddditional reduction of emissions beyond
the allocated quotas. The technological flexibil#lso avoids drawbacks of technological
forcing and opens the door to a search of the dstapeans of satisfying environmental
requirements.

Most importantly, technology should not be thoughtas something fixed, with the
regulatory mechanism enforcing its use in somenggdtivay. In the medium and long term,
technology should be seen as an induced-vartaijch depends on the choice of the policy
instrument. Some instruments may stimulate teclgicdd innovation, just as others impede
innovation. Enforcing a rigid technological startlacan curb down the dynamics of
innovation. An evolutionary standard, correspondingthe concept of the best available
technology, may not be sufficient to counterbalasgeh a negative effect. More often than
not, performance standards are set implicitly watierence to a specific technology.

There is another critical aspect to technologicabpess. Investing in a scrubber is an
irreversible decision, involving sunk costs. Afsarch an investment, a company will not be
ready to take other abatement actions for a lang.tiSince an investment fixes a technology
(performance and cost), a premature regulatoryreafoent of this type of investment obliges
firms to forego the possible benefits from innowas yet to come on stream. With a trading
permit approach, firms can calculate the best tim@vest in abatement, taking into account
the possible development of cost-saving innovations

Summary conditions of successful tradable permits

On the whole, tradable allowance systems need jaroction of several features if they are to
run in a way which allows all potential efficienggins to be exploited. Hahn and Noll (1990)
elicit some desirable features of trading scheragarding micro-economic efficiency:

» the overall number of emissions allowances needte toell defined and limited;
» allowances should be as freely tradable as possiftieout restrictions;
* it should be possible to capitalise allowances;

16.- It can be referred to the general categorgrafogenous technological progress, though thigyoates
mixing several different things.
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 trading of permits should be made inexpensive (fowelransaction costs);

» sanctions for cases of emissions exceeding alloggsicould be set at a sufficiently
high level so that firms have a strong incentivék@éep playing within the rules of
the allowance system;

» emission allowances should be expropriated ongxineme circumstances;

» firms should be allowed to retain a significantrehaf the profits obtained through
each trade.

Choosing the less damaging uncertainty in the lamg

The pervasive lack of appropriate information igtical in implementing environmental
policies. After all, if all the existing informatiocould be easily gathered, it would be possible
to centrally define a detailed plan of optimal @pmaént efforts, which could be implemented
by administrative regulatory measures. Then thereldvbe no case for introducing economic
instruments. In real-world conditions, administratistandards may be poorly implemented
and entailed important hidden costs. Economicumsénts cannot avoid this uncertainty issue
either. It means that choosing a type of instruncemes down, to a large extent, to choosing
which variables are going to be left uncertain. iNstrument can provide certainty for all
variables.

With tradable permits, a global emissions cap negtforced and guaranteed to some
extent, but the counterpart is uncertainty aboattfarket price of allowances and uncertainty
about the exact location of emissions, and theedfmralised damage. With taxes and charges,
the rate of which is defined by public authoritiesrtainty is obtained on the maximum unit
abatement cost to be paid by polluters. The copateto this is a range of uncertainty on the
environmental performance obtained during a giveriod, since price elasticities are not
generally known with great precision.

Which uncertainty is the least desirable is a mdttedebate, since a short term view
and a long run view will not necessarily come te #ame conclusion. Less certainty about
short run environmental performance may be linkiechugh lower abatement costs, to better
long term environmental performance. Converselygesbion with short run environmental
certainty may induce higher economic abatement s contribute to a limited
improvement of environmental quality in the longgnm (Godard, 1993).
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1.3. Sources of the attractiveness of S@ading in the EU

To define centrally a credible international plam & cost-effective abatement of emissions
would require relevant information in a number fedent fields:

* the listing of emission sources and their preasation;

» techniques in use, and the exact quantity of epnssat any time;

» potential techniques and action-mix for decreasimissions for each source;

» the costs of alternative technologies, and the bitive effect of their
implementation;

» the marginal costs of reducing pollution for eachrse;

* trajectories of transport of pollutants from theise to the location of deposits;

» potential chemical reactions in the air and on g¢ineund, and their ecological
impact;

» effects upon ambient concentrations and ground sitpo;

and so on.

The state of information is generally rather famir perfect information on all these
points. If central modelling and planning may beefuk to arrive at some international
agreement on targets, information gaps and asyneweplea for the supplementary
introduction of an economic mechanism to implentbetagreement in a cost-effective way.
Let us check some of the listed points in the cdaréthe LRTAP Convention.

Technical-economic data

As regards the identification of emissions soureassting directories listing the power plants
in the ex-EEC (UDI, 1993) does not give informatedyout the location of plants within each
country and does not include data on desulphuriugpenent being installed or not installed.
No systematic, detailed information is provided &#h8Q emissions by plant. As regards
information on technical options for abating S®@missions, the literature focuses on
techniques corresponding to the concept of Bestldbla. Since BATNEEC was enforceable
for new plants only, a lot of existing plants han used them.

Existing assessments of desulphuring costs (avemadgemarginal) do not provide
costs plant by plant, but a broad evaluation of plssible range of variation of costs.
Unsurprisingly, costs depend a lot on the techriqused. At the same time, and more
surprisingly, it has been discovered that plant®rofdo not choose the least expensive
techniques first. This is because several veryegifit factors influence the choice of a
technological response, such as plant size, positithe life-cycle and previous technological
choices.
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For instance, among the possible actions in regptm®&n increase in the emissions
constraint is fuel substitution according to thébkur content of fuels. The respective prices
of various categories of fuel depend on the intgwnal market. Variations in prices, and gaps
between them, are therefore a key feature. Buptloe gap between high and low sulphur
fuels has shown to be very volatile.

So, the cost estimates that have been used inddellimg exercises developed in the
context of the LRTAP convention, have to be seeinaagle and approximate. They may keep
their usefulness in macro-assessments, not as @&iptes of the real costs borne by
individual plants due to SOemissions constraints. There is a need for an cszomn
mechanism to reveal what the real costs are.

Environmental data

UNECE is implementing a pollutant transport modiglttwas developed in the context of the
LRTAP Convention. This is the EMEP program. Thisd@lohas achieved a lot and is

appropriate for giving a broad assessment of lamge transboundary pollution, but it has
more limited predictive qualities for local effectsince the level and timing of localised

emissions are not known precisely. The conceptritital loads of rather small European

territorial units (150km X 150 km) should also laéen with some distance since it has been
shown that the internal dispersion of acid carryoagacity may be often greater than the
dispersion across units.

The Oslo Protocol

* In the Oslo Protocol, the searched "optimum" is exatbod as that allocation which
minimises total costs of all parties, while beirgnpatible with the constraint of abating 60 %
of the gap between deposits and the 5-percentitieatrloads for each cell of the territorial
grid where critical loads are exceeded. To dectaional targets to be at the "optimum”
would require that the negotiated targets corredpgtrictly to the results of an economic
modelling exercise, and that this modelling exercims been fed by perfect ecological
(emission and transportation of pollutants fromhescurce, deposits and critical loads) and
economic (abatement costs function for each souméamation.

Several integrated models have been used to absegspacts of a plan on abatement
costs and environmental deposition. In spite ofilamties of construction, unresolved
differences remain between the results of modelNHOE, 1993, R 38). The extent of
variation in the results for different plans supgbsto meet the same framework of
optimisation under the same constraints is a goayl W appreciate the overall range of
uncertainty as regards the various componentseoidhg range transboundary transport of
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pollutants. Although results are stable or quaabist for some countries, they are significantly
different for others. Differences vary from 10 t6% of the emissions abatement required
from a country. Overall reduction costs also vayyabfactor of two. In some extreme cases,
recommendations may be even reversed: for exanmptbe case of Albania, for which one
model advises a 4% reduction, others would all@0% increase.

On the whole, several sources of gaps and imp@fecpoint to the need to use an
economic mechanism for implementing the LRTAP Cortios:

» The targets which have been adopted in the Prota@ldifferent from the supposedly
optimal targets which resulted from modelling exsgs;

* In spite of the progress achieved in data collecéind modelling, the authorities cannot be
credited with accurate information regarding thensport of pollutants and their impacts;
for instance, the RAINS model is based on aggregatmnal data of emissions, not on
monitoring of individual sources;

» The way the abatement cost curves have been bakesnthem rather arbitrary top-down
translation of mean values based on assessmertsdses of techniques. This does not
reflect the true differences and variety of speaifist functions of individual sources.

Lack of appropriate information is supporting tmereduction of a trading scheme,
provided that such a scheme is not placed undeprimsure of having to prove ex ante its
performance with the kind of detailed justificatittmat would only be possible with nearly
perfect information. Clearly, there would be a para in requiring that an envisaged
economic instrument has to demonstrate ex anteehefits and impacts from its introduction
through exact calculations, since it is only ecomafty efficient to introduce such an
instrument because of imperfections in the inforamaavailable to centralised authorities.

The available information collected and used inrttelelling exercises has permitted
important progress in the tracing of the possibifei@ntial effects of S@ emissions
according to the location of sources. This progreas allowed a new approach to the
negotiation of national targets for future abatemwsthin the Oslo Protocol. But the
information that could allow an optimal plan for issions abatement to be defined centrally
is not available. Therefore there is a need to lempgnt the present state of the regulatory
system with an economic instrument which can helal costs, encourage further progress
in cutting the cost of abatement technologies, smprove the cost effectiveness of the
negotiated allocation of targets. One difficultytbie way of this economic instrument may be
raised by the level of stringency of the obligationforecast the impact of trading on the
location of deposits, so as to prove that the abjeof a 60% reduction in the gap between
deposits and the 5-percentile critical loads isnpperespected. Some trade-off between
economic efficiency and short term environmentaligance is inescapable.
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2. TRADING SO, EMISSION ALLOWANCESBETWEEN THERMAL
POWER PLANTS IN THE EU: POSSIBLE FRAMEWORKS

To design a tradable permits system in the cordéxhe Oslo Protocol for SOnvolves a
choice of several key variables. The goal of thiscle is to consider some possible
combinations of these variables, those able tohcatsignificant part of the potential for
economic efficiency while being manageable. Adntraisve and practical workability is a
key condition for acceptability and success of @oinnovation.

We consider first the choices at the level of Ja@ga taken independently. On this
basis we describe three alternatives proposalddsigning a S©trading scheme in the EU.
Eventually we address the specific topic of zonimlich is a critical issue for our proposals.

2.1. Key variables for the design of a trading scimee

Six variables have been selected as key variabldse treviewed: basic constraints of the
regime; who are the basic agents taking part t@ystem; the initial allocation of allowances;

the administrative mechanisms of delivering perrtotérade allowances; the exchange rate;
timing and periodicity of trades. At the end of thiesentation, a synthesis table will gather
the main options together in one frame.

2.1.1. Basic constraints of the game

For any trading scheme, fundamental constrainggnate in the specific goal of the regime,
and the specific institutional framework in whidietnew regime is introduced. The Geneva
Convention, with its Oslo Protocol, sets the appedp background. It addresses long range
transboundary transport of acid pollutants. Thigsptal interregional dimension explains why
European institutions are concerned. Accordinght® gubsidiarity principle, the EU is not
directly responsible for the management of locdlution. So all issues of local quality of
ambient air for direct heafthpurposes are outside the responsibility of LRTA#h&ntion
and outside the scope of the trading regime thbeisg drawn up in this article. As already
said, we interpret the Oslo Protocol requiremestsngolving a double constraint to satisfy
for the design of a trading scheme:

*  overall national targets related to emissions;

17.- This Convention does refer to the protectibhemlth as one of its objectives, but only inasimas health
issues can be generated by long run transportafigrollutants. It is not covering action againgemse local
pollution.
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* the 60% abatement tardfeis regards deposition in zones in excess of ariti@ds; for
zones in which critical loads are not presentlyeeded, respecting critical loads in the
future as well will be the constraint.

There is no reason why both constraints shouldnaatically coincide; how to meet both of
them poses a difficult challenge for the desiga tfading system. A key feature of this article
is to address this specific issue of satisfying tyjmes of constraints when developing an
allowance trading scheme. The joint implementatibthe first constraint by the EU countries
provides a global EU cap on emissions, leadindltovances that can be directly expressed in
quantities of emissions. The second constrainbdhices much more complexity into the
system and leads directly to allowances expressddrins of quantities of deposits by unit
zones for the whole European territory.

2.1.2. Basic agents
Governments or firms?

A trading scheme authorises exchanges of allowaacesg entitled agents. Who should be
the players of the European S@ame? Two basic types of agents are difficult oich
governments and firms that operate plants. Thisearibecause both types of agent are
necessarily involved. Governments are partieseéddblo Protocol and have accepted national
ceilings that they may want to modify in the futdheough trading. This would lead to joint
implementation between states. At the same tineeagents having emissions directly under
their control are power utilities and other firmpeoating large combustion plants. Three
solutions may be considered, provided that theylasggned to be compatible with the second
constraint concerning critical loads:

* a governmental "joint implementation” trading systegovernments may develop joint
implementation agreements in order to modify tksto obligations;

« an EU plant trading systemutilities of EU countries could directly exchangee
allowances received from national authorities.His ttase, governments would be rather
passive actors, once the phase of initial allooatioallowances to plants was achieved;

» a two-level (governmental and plant) European tradschemeboth systems coexist and
have to be co-ordinated in a precise, predictalalg wresumably through a differentiation
of time scales in the two markets.

In the context of this paper, we have chosen tavdup a framework for trading
schemes involving plants as the main focus. Th@ocehis consistent with the concern for
economic efficiency. From the viewpoint of econosnaf information, the potential for cost-

18.- Later on, more stringent objectives as regamitecal loads (say 75% and 90% abatement rat¢hef
exceedance of deposits) may be adopted.
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effectiveness can only be exploited by giving appaie incentives to decentralised
management units i.e. to those who can most easitgin the appropriate information
concerning available opportunities, technologies albatement costs. This is what allowance
trading is intended to achieve. If governments weree considered as the basic agents of the
system, they would still miss some important infatibn necessary to minimise the social
cost of abatement.

Why begin with the power generation sector?

At the EU level, 88% of all SOemissions in 1990 were released by combustiotitfasj and
65% by power plants. It therefore seems quite aatorbegin to implement trading schemes
with this sector, on the basis of the bubble cohc&pis sector-based approach could be
preferred to avoid unwanted interactions betweeaosg which could make business more
uncertain for all operators, since their own atfiwwould be made dependent on actions and
strategies from outsiders who do not belong tar tiguial business environment. Introducing a
regime respecting sectoral boundaries, at leaanimitial stage, expresses a precautionary
attitude towards existing economic and industrigboisation.

But what about introducing economic incentives iat@ector of production that is
largely oligopolistic, and even monopolistic in sencountries? This specific industrial
structure may be an obstacle to the developmeritade. Oligopolistic and monopolistic
companies do not face the same pressures to takntage of any opportunity to make
profits or minimise costs as competitive firms appposed to do (Burtraw, 1994). They may
prefer to make decisions supporting a good relalignwith regulatory authorities and public
opinion.

Several arguments can be put forward that limitvieeght of the previous objection.
In a sense, if power generation is concentrateda ifew companies, this may reduce
transaction costs and facilitate a form of tradiognpatible with firms' strategic planning. An
agreement between a limited number of producertess costly to obtain, though the
counterpart may be strategic biases. Companieasa@ to being in contact and negotiating
between themselves, and to developing co-operatetions within professional
organisations at national and international lev&ldloreover, to some extent, the re-
organisation of the EU market for power, while @alucing competition between producers to
satisfy the demand of large consumers and to exten@ossibilities of own-production with
appropriate technologies (combined cycle gas plaatgyeneration), may already be seen as
an active incentive for improving competitivenessl ancreasing sensitivity to opportunities

19.- The most successful past experience of pérading in the United States was the trading scheimead in
gasoline (OECD, 1992b; Howe, 1994). Pre-existingtines of exchanges and negotiations between rafge
were emphasised as an important component ofubiess (Godard, 1994).

22



hal-00622840, version 1 - 12 Sep 2011

for cutting cost£? Finally, the response to the existence of natigoalsi-monopolies is to be
found in the setting-up of a EU regime for S@ading, which enlarges competitive
opportunities.

In fact, several EU countries have already beerviooed of the advantages of
establishing a "bubble" mechanism in the eleckia. There already exists some experience
in Europe on the basis of which trading schemesddoel developed:

* In 1984, Denmark enforced legislation setting domal bubble of 125,000 kton $S®@n
the emissions from its power plants, to be met9@51

* In 1990, the government of the Netherlands signedvanant on the reduction of sulphur
emissions with the 12 provinces, the associatioh7@f electricity producers (SEP) and the
four individual companies for electricity generatid his agreement concerns a programme
to reduce acid emissions up to the year 2000 tdibéshes ceilings on the total emissions
of SO, and NOx from the public power plants. (Klaass€96).

e In 1993, EDF, the main electric company in Franeéh( 95% of production) signed a
covenant with the government setting an obligat@miimit total SQ emissions to 220 kton
per year by the year 2000.

Other arguments may favour the choice of the paeeeration sector as the first one
to experiment with S@allowance trading. Due to the existing regulatoegimes and the
limited number of firms, this approach will avoidany new enforcement costs and leave
administrations time to adapt and develop new rates practices for other sectors (industrial
combustion plants, oil refineries). The same sbahoice has been made in the USA.

In the following discussion, we assume that a dlalzgp has been defined on the
amount of emissions of the power generation sectogach country. It is convenient to
assume that the rate of abatement expected frasdctor is the same as that at the national
level. But a different cap would not alter the gsal.

2.1.3. Theinitial allocation of allowances

The Oslo Protocol can be seen as a compromise detae agreement among independent
states and a more integrated approach that coutbvreoped if all states chose to behave as
the members of a single political community. Estidhg emission ceilings on a country
basis is a response to the first component of tmepcomise. The preliminary works of the
Protocol were conceived with reference to the s#écoomponent, with this idea of an
integrated optimal plant for acid deposits for Wiele European territory.

20.- There is some reminiscence here of the thedrycontestable markets" in industrial economics. A
contestable market is when a monopoly firm is pdaceder the threat of a possible enter of new caitopén
the sector and is incited by this threat not todvehas a monopolist firm. See Baumol (1982).
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So, a first option is to imagine a EU-wide jointglementation, in which member
states accept to transfer their national quotasatoEU Authority that would directly
redistribute them to power plants according to s@mpecific EU rules. Is it realistic? This
might be in a fully developed European Federal Comitg, having reached a high level of
political integration. It does not fit the preseituation in the EU, nor with the context of the
negotiations for the Oslo Protocol. So it seemdepable to think that even for an EU
allowance trading scheme, the allocation of allovegnshould be first organised within the
national contexts as a means of implementing thieme targets fixed in the Oslo Protocol.
Such national allowances should be acknowledgeevieyy other country taking part in the
trading scheme, so as to permit EU-wide allowareding. The concern for critical loads will
also lead to this initial allocation being supplerteel by other procedures and constraints.

This point should remind us that the initial allboa of allowances is always a critical
moment for trading schemes, one open to suspidabl)ying and negotiation. A CAC
approach is seemingly less exposed to such auifficocess. When two plants of the same
sector are submitted to the same objective constr@io-one can complain about the
implications for competition. However, with regudats there may be exemptions, exceptions
and dispensations. The substance of the probletmerefore broadly the same for tradable
permits as for CAC, but it is more transparent wirtiding schemes. In any case, the first
source of possible distortions between countrigs ise found in the Protocol itself or in the
LCPD. Both texts include different targets fixedr feach country. This may be seen as
appropriate for environmental or political purpgdast at the same time is a potential source
of distortion of competition between companies.

What should be the method chosen to allocate atioes in each country? On the
basis of past experience in the USA, the genematam of governments to enhance national
industries, and the proximity to existing regulgtérameworks, it is reasonable to say that
grandfathering is the most probable form of allmramechanism.

2.1.4. Administrative mechanisms of delivering permitsto trade allowances

According to several proposals, one way to avoidaimng the environmental objectives of
the Oslo Protocol is to base the "trading mechahismthe same assessment method and
modelling tools that have been used for optimisimgdistribution of efforts among countries.
This approach authorises to address the secondsitiep constraint. It leads to a very
particular form of trading, i.e. a family of cerlts®d and semi-centralised trading mechanisms
using central modelling. At first sight, the valoé this proposal depends entirely on the
quality of information gathered, aggregated andiféol the models, with a particular concern
for the economic information. This is the reasonywdecentralised solutions are also
considered.
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Centralised systems

With this purely centralised system, a prelimingtgn of potentially profitable trades is
elaborated on the basis of physical and economidetting. Achievement of these trades
would increase the overall cost-effectiveness efdhocation, while meeting environmental
constraints. Then trading is used to achieve whatrot been yet possible in the context of
the negotiation of the Protocol for political reasa a strict application of the cost-effective
allocation identified through modelling. The proaesl could go this way:

* Running the models could simultaneously provideast-cost solution and, on the basis of
the real allocation of targets in the Protocol, dptimal programme of exchanges between
countries that would be required to establish dipigmum.

* A comparison of this optima plan and the actualomai targets selected by the Protocol is
made to prepare a correction programme that wolkoh tdefine a list of profitable
allowance exchanges. A matrix synthesises the Ipibgss, with each vector representing
a compatible transaction.

» Each bilateral proposal is compared with the coimacprogramme; any proposal outside
of this matrix will be rejected.

lerland, Kruitwagen and Hendrix (1994) have called mechanism "guided bilateral
trade". 'In guided bilateral trade, the decision by the cahtauthority whether trade is
allowed or not, is based on the cost effective siomsabatement allocation. Only after all
allowed bilateral trade transactions have takengalathe deposition targets will be rhein
emission trading system would then be the linkingchanism between a technical solution,
arrived at through modelling and optimising, anddlitical solution arrived at through
negotiation.

This centralised system could have several advastdg particular, it could generate
a high level of environmental and economic predtidity and substantial gains in research
costs, since potential partners have simply to lopkn the correction programme who the
right people to deal with are. A clear definitioh the sequences of the process is also
obtained. Firstly, there are national allocationsler national ceilings constraints. Secondly,
there is trading under a European critical loadsstraint, according to a planned scheme of
acceptable exchanges.

Is optimality achievable this way in practice? Ewmonsts may recognise in the
proposed system a variation of the pure Walrasiarket model, which depends on the action
of a central co-ordinator, the auctioneer. Theianeer gathers data about potential quantities
(supply and demand) and proposes prices, unticanamic equilibrium is achieved, prior to
any transaction taking place. This theoreticalrezfee leads to an ambiguous judgement: if a
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centralised, multilateral process is needed tohremamarket optimum that could not be
produced by bilateral transactions, then this trgdiystem may not lead to the optimum since
it is less than certain that all the necessarystations will finally take place. A second
reservation is linked to the quality of informatioantrally available, according to the views
previously expressed. Because of the intrinsictéittans of information and the risk of partial
implementation, a less-demanding use of modelsbregyeferred. This is the case with semi-
centralised systems of trading.

A semi-centralised system

This semi-centralised system still uses modellmgytide transactions. However, the basic
assumption of this approach is that the centralesgmhomic information is not sufficient to
identify the best opportunities for cutting abateineost. So the economic part of the
modelling exercises used in the previous centidlsetem is put aside, keeping only two
models - the first about transports of pollutaf$EP), and the other about critical loads and
deposits - so as to identify current and prospeotixcesses of acid deposits. The economic
dimension of the allocation will be left to decetiged calculations of sources (plants).
Sources will have to compute their own strategy bBuk for interesting opportunities to
trade. In this case, the process is as follows:

» a EU Secretariat for SQrading enters the distribution of all the allowas resulting from
the national implementation of national ceilingwithe physical assessment models;

» after a search period, two sources meet and agreet@de proposal; they submit it to the
Secretariat;

 the projected change in location of emissions tered in the agreed models which are run
to provide forecasts about the environmental ingp#mteach deposit zone;

« if the project violates the second condition ralatie the progress towards critical loads, it
is not permitted; otherwise it is accepted.

Presumably, there could be two disadvantages ohfufis ex ante environmental
quasi-certainty by means of this specific procedd@ministrative costs could be too high
due to the procedures necessary for deliveringnglesipermit to trade. This point should be
elaborated further by simulations to assess oroersagnitude involved and to see whether
the weight of the procedure makes trading a poattyactive instrument in that context.
Furthermore, because of the stochastic, bilatexalra of this system, it might not lead to an
overall cost-effective allocation — one which woudnimise the total abatement cost for a
given environmental performance. This is becausesdyuential order of trades would matter.
Whether a transaction is allowed or not may depmmavhether or not it is proposed before
some other transaction; most interesting trades imayblocked by early transactions
exploiting the potential limited by the zone calgaowing which one is the most profitable is
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not the driving force for early trades. Howeverraaching a first best economic optimum is
not the central concern of authorities, not becao$edisinterest but because it is
acknowledged that this is not feasible, then seiiplembilateral trades can be seen as Pareto
improvements, provided no third party is signifitgnaffected. On the whole the initial
allocation will be improved by this mechanism.

A decentralised system

Here the administrative requirements are quitetéichi On the one hand, countries adopt a
procedure for initially allocating allowances todividual sources. On the other hand,
simulation models are used to translate the ingldcation of emissions allowances into
deposits in receptor units. This simulation is usedefine general trading rules that reflect
the requirements of the critical loads constraiftiey may incorporate zoning -with free
trading within one same zone- or offset rates faddés between different zones. In that
framework, allowances can be exchanged freely witlzospecific prior authorisation being
imposed for each envisaged trade. All the requirgmeensuring progress towards
environmental targets are supposed to be fixedinithe general rules. Some periodic
adjustment of this allocation should be consideoeidke the evolution of pollution flows into
account.

Although theory would render centralised soluti@tsactive for their predictability
and/or optimality features, implementing a decdisied system may be considered as more
realistic with respect to the economics of infonmatand administrative running simplicity,
but it is much more uncertain as regards the enmiental progress, to a degree that may be
considered unacceptable in the LRTAP context. i ftllowing, we only consider semi-
centralised systems to be a viable proposal.

2.1.5. The exchange (offset) rate

When the damage generated by one unit of a potlisaimdependent of the location of the
source, trading allowances may be organised orb@ses of a ton for ton exchange rate.
Because of the non-uniform assimilative propertys@b, in damage terms,ohe unit from
one source cannot be offset by one unit decrease &nother source. The offset rate, also
termed the exchange rate, may be greater or smtikan oné (Fgrsund and Neevdal, 1994).
On a theoretical ground, offset rates should reftee relative intensity of the marginal
damage generated by one unit of emissions. Itfigwi to find a rule able to reflect this
requirement. Firstly, marginal damage functions moé known and some proxy has to be
used. To be practical such a rule should keepaiisevthrough time, although conditions for
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optimality require a revision of offset rates to lade after each tradeAt the same time,
this adaptive approach would make the game unpeddé for agents and complicate
investments decisions.

A proxy formula has been proposed by Bailey, Goagth Millock (1994) for defining
satisfying exchange rates. These rates are basddawsfer coefficients from sources to
receptors, weighted by damage weights; here damegghts are just represented by the
magnitude of the excess of deposits compared toritieal loads. An exchange rate between
two sources will be calculated as a ratio betwesth transfer coefficients:

2k (T GY) With T; = transfer coefficient from i to k,
Exchange rate, =

andzk Ti,k =1

2k (To k- G G,= adamage weight index (from 1 to 8), i.e. a
relative measure of how harmful deposition is to
different classes of ecosystems, as a function of
critical loads (taken from SEI work)

This formula is a useful statistical construct tbattainly represents progress towards
strict respect for the critical loads targets. Mehite, it should be realised that this type of
aggregation of values has no immediate empiricalespondence. Specifically, it does not
provide a guarantee that the critical load targdit vot be exceeded in any cell, since it is
based on mean values.

An alternative practical solution is to stick td do 1 rate within zones considered to
be homogeneous. This simple and robust approachbmayewed as more accessible, and
easy to implement, being less dependent on camwdklling and revision of information. It
is not totally satisfying either, since the supgbsemogeneity of each zone can only be an
artificial construct.

2.1.6. Timing and periodicity of trades

Nowadays, most ordinary commodity markets are gp@snanent. Such exchanges do not
depend on a body of permitting procedures or madellations as it is the case for SO
allowances. In that case, with a rather thin paaemdr trade, it might be an idea to develop
some periodic system of trading, such as old $ayts, in order to get a time concentration of
demand and supply and overcome limits of sepaiktetal trades. Moreover, in a two-level

21.- This is so because individual trades will geterally entail marginal impacts on the distribatof acid
deposits: emissions are concentrated in a limitedber of sources, while the territorial units aoé $o broad.
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system of allowance trading, where there are trhééseen governments in respect to their
national caps, and trades between plants oncenahttaps have been decentralised to them,
the intergovernmental market should be made higtégictable for plants, in order to ensure
the security of the allowances they receive frorliplauthorities, and to allow them rational
investment strategies. A clear means of providhg predictability would be to organise a
discrete, periodic intergovernmental market (evéryears, for instance), with advance
transactions, i.e. transactions having effect sgess later (say 3 years). This would mean
that basic plants can move in a predictable irtgtital environment, with a secure horizon in
the range of 3 to 7 years.

An alternative approach for a two-level system wobk a flexible one in which
governments regulate the total quotas given totplam a continuous basis, as active
operators on national markets. Governments could dnd sell allowances with national
plants according to the evolution of their intermaal commitments (intergovernmental
market). However, this approach could also indutsability and unpredictability on the
market, or raise the fear that governments willdwehin an arbitrary manner influenced by
lobbies. These factors may turn out to be an olestactechnological innovation, when the
weight and sunk costs of industrial investmentd@sulphuring equipment are taken into
account.

In the case of an EU-wide decentralised tradingesysbetween power plants, there
should be no time constraint imposed if the typdrafle considered is bilateral, once the
initial national allocation of allowances has bemrhieved. By contrast, if some type of
general equilibrium of the SQGallowances market is preferred, the only practioabns is to
establish a periodic market where all potentialesgland buyers are invited to present their
offers. If the idea of having as many markets asedjhomogeneous zones is accepted, offers
in one zone market can only be contingent offargestheir value and relevance depend on
the achievement of transactions on complementamng zoarkets. Ideally, all trades clearly
have to be synchronised due to the mutual depepdditbese markets. This periodic market
will offer an opportunity to minimise transactioasts and reduce possible strategic biases.

One intermediate solution between continuous, drddttrading and periodic markets,
is to combine both of them, along the way the US&ehmade it by establishing an auctioned
SO, allowances market which occurs once a year. Sunhréet provides both a public price
and a trading opportunity for plants that have swatceeded to find appropriate partners in a
bilateral framework.
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2.1.7. A synthesistable

Basic Basic Initial Allowing Rate of Timing
constraints agents allocation procedure exchange
Planned Continuous
Governments / /
Sum of National .
national === Uniform
one to one

Semicentralized

ceilings
/ Periodic
p— D |oNtS

60% reduction

of gap with == European Differentiated
critical loads ) according
Decentralised to zones

Both plants and
governments

Figure 2: Key design variables

The table in Figure 2 shows the main alternativVieeg have been considered. Basic
variables are indicated on the line at the topheftable. Each column represents alternative
possibilities for each variable. Pathways in baldgest the choices that seem to us the most
interesting and practical at the same time. Thesetlze choices that support the three
alternative proposals we present in the next sectio

2.2. Key alternative proposals

Here, we present three alternative proposals Hiad in a comprehensive manner options
identified as interesting and practical for key igesvariables. Two directions have been
explored to design such proposals. The first oraged on the idea of coupling two types of
allowances: emissions ones and deposit ones. Téendeone is searching an integrated
system in which emissions and depositions consgraeceive due count for determining the
amount of S@ allowances that can be traded. Two variants ofldtter will be presented.

With all three solutions, proposed trades are ¢esigh models of pollutant transport for
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ascertaining their impact on deposits for each zmite. This modelling requirement could be
judged excessive in launching what is supposedeta Bmarket” solution. But this input is
generally required for the whole regime of the (Btotocol - without modelling it would not
be possible to guide the progress of European meaiteefforts towards the critical loads
target.

2.2.1. Implementing a system of two simultaneous, coupled allowance trading mechanisms

Facing with the obligation to take into account thasic heterogeneous constraints (national
targets and the goal of a 60% reduction in thelggween deposits and critical loads), a first
possibility is to conceive of two different systewistrading, one for each constraint, which
are coupled to permit sources to emit a given amofi8G. To get the right to emit one ton
of SO, a source should possess one allowance of eaehTige source would not be allowed
to use an allowance of one type if it does not hawrresponding allowance of the other
type. With such a system, each source would thesrat@ on two types of markets for
allowances - one for emissions allowances, workahghe EU level and based on initial
allocations distributed in national contexts, amgk docused on the specific constraints for
deposits in each receptor zone in Europe (includomgEU regions).

So, the system will take account of emissions fremarces which belong to the
territory of the EU, but generate acid deposit&ampean non EU lands. In the framework of
the Oslo Protocol, the same basic constraints tgendnatever the territory involved.
Commitments to progress towards critical loadsrarereserved to the territory of the EU.
Abatement targets should also be acknowledged é¥eth for receptor zones outside the EU
inasmuch as deposits depend on EU emissions. Savegal sources located in member states
of the EU have a joint impact on these foreign péme zones, deposits markets can be
developed for them as well. Such markets shouldolaeed under the authority of EU
executive institutions, since this issue engagesrdéisponsibility of the EU towards foreign
countries.

For this market of deposition allowances there ispacific problem to solve with
regard to how trading is combined with zoning. Ehare two possible solutions:

* one is to only authorise transactions between ssugenerating deposits within the same
receptor zones; in that case, there will be as nmaankets of the second type as there are
receptor zones; if there existunit zones in Europe, a source would have to opena (at
most)n + 1 markets (then deposit zones markets and the EU wide market tdmadly
allocated emissions allowances);

» the other option is to define offset rates to organrades between emissions generating
deposits in the various zones; in that case, theseons market is EU wide, with a 1 to 1
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rate of exchange, and the deposits one is Europke, wvith differentiated rates of
exchange; a further difference is linked to théiah@allocation of allowances: each system
has its own logic of distribution; this offset stitun is not explored further, since we have
chosen to develop our proposals on the basis dirgteption.

The use of a pollutants transportation model sscBMEP cannot be avoided, nor can
the mapping of critical loads for achieving thetiali allocation of deposit allowances.
Existing modelling forecasts actual depositiongmissions units) and maps the 5-percentile
critical loads (also in emissions units). For eache, we can then deduce the gap between the
two (in emissions unit), as well as the authorigewunt given by a 60% reduction. Thanks to
the EMEP matrix of transport of pollutants, it issgible to proportionally attribute total
deposits by zones to individual emission sourceas san calculate the allocation of deposit
allowances to sources. On the other hand, agrdemhabemission ceilings are supposed to be
allocated to national sources, in each countrypraicg to some national criterion, whichever
they choose (grandfathering being the most probable

The following example illustrates the way this smo might work. It is based on the
assumption that trading between deposit allowardicdgd to different receptor zones is
forbidden. Hence there are several European zom&etsain which EU sources have to
operate under the constraints of zone deposits, @ips the EU wide emissions allowance
market.

Example

* Given a system with 7 sources of pollutant emissidy), S,, S5, &, S, S, S, and
4 receptor zones:RR,, Rs, Ry.

» Given the two types of allowance markets: to benieed to emit one unit of pollutant, a
source has to have one emission allowangeafd one deposit allowancg Hor each
deposit zone RWhen the deposit is localised o, fhe deposit allowance will be indexed
P (sz on R, By 0N R, and R, on R4)

* The emission allowances can be traded among attesueven though the deposit ones
can only be traded between sources having emistatimg) on the same receptor.R

* Given a total quota of 60 units of allowed emissiodistributed between sources as
60 emission allowances: 6Q P

» Considering a receptor zone;,Rthe EMEP matrix of pollutants transport involves
3 sources (§ S,, S;) of concern for this zone.

* S4 S, S, S; emissions do not have any impact on R

* The reduction in deposits on; Required to reach 60% gap closure, is a redudtion
emissions of 8 units. Up to now; 8as emitted 16 units of pollutant; S12 ; and §: 4,
giving a total of 32.
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* Given a proportional distribution of the reductiefforts, § will have to reduce its

emissions by 4 units,,dy 3, and §by 1. This means that $ allocated 12 , S, 9 Ry,
and S 3 Ry,

» Given§ has18B S,: 3R, and §: 4R,

R, R,
/”’*Sl /”’*SZ
A A=
-
»
*/54
/ 1
RS// ‘*% R, )
» "
4 P o
II ,—""‘ *87
*85’ ‘
* S

Figure 3: An example of S@transport with 7 sources and 4 receptor zqnes

For Ry, this allows:

S, (12 Ry, ; 18 R): - to emit 12 units of pollutant and to sell § ér,
- to buy 6 B, and then emit 18 units of pollutant.

SOPR;;3R) :-toemit3 units of pollutant and to sell g ,For,
- to buy 6 Rand then emit 9 units of pollutant.

S (@BPRy;4R) :-toemit3 units of pollutant and to sell 4, Br,
- to buy 1 B, and then emit 4 units of pollutant.

In fact, this double system of allowances may beenpractical that it seems at first.
On the deposit markets, there is a limited numligradential partners. They may be well-
known to each potential participant. Thus, the [@obof search for potential partners would
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be rather easy to overcome, thus limiting this congmt of transaction costs. But the market
could be too thin, making it difficult to find pasrs willing to exchange. Another obstacle is
the possibility of strategic interference amongshpetitors (market power). If these potential
difficulties are confirmed as having practical x&lece, they strengthen the argument in
favour of some larger grouping of unit zones.

When potential traders know their trading oppotiesion the deposit markets, they
can then adjust their strategy on the other matkat,for emissions. The emissions allowance
market provides large opportunities for exchange doppliers and buyers. No specific
additional constraints are necessary on this maikee the deposits constraints are tackled by
the other type of markets.

A double system of allowances

Emission constraint

Initial allocation of emission Trading with other plants on
allowances to plant j =T )
based on national quotas one single EU market

Py ¢
Financial

| Deposition constraint | Py / balance
Actual deposition 60% reduction in the
gap between deposits -

and critical loads \
Pyl Pollutant
: emission

EMEP T
% Trading with other plants on z markets
Reduction rate
needed on zone i

EMEP =———————» Pdii (allowances to j of emitting on i)

Figure 4: The running of a double coupled system of allovesn

The Figure 4 shows that, with the help of the ahiéillocation and of trading, a souijce
has to get the same amouanfandeij to be permitted to emit that amount of SO

The heterogeneous combination of two types of alluves can be seen as an incentive
to trade. Either participants have both half-alloegs (emission and deposits) permitting
them to emit, or they only have a certain amourdra type of allowance. In this second case,
it is always more interesting for them to sell th@used half-allowances or to find the other
half than to stay in their present position.
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The next two variants differ as regards the ruletlie initial allocation of allowances
and the type of incentive mechanism incorporatetiake reaching critical loads targets more
attractive to plants (variant 1) and governmengsiant 2).

2.2.2. An integrated system incorporating an auctioned secondary market for unusable
allowances

Here, an allocation of emission allowances to imtlial sources (plants) by national
governments is calculated on the basis of natioadings and allocation criteria chosen by
these governments. This gives the Potential EnmnisgilowancesPPg. The subsequent
deposits from each source for each receptor zomeassessed with the help of the EMEP
model. In the meantime, the 60% abatement targetad as the basis for a calculation of an
overall deposit cap for each receptor zone. These zeposit caps are then distributed
proportionately to the sources responsible fordeposits, also using EMEP. This gives the
Potential Deposit AllowanceBP’. The two allocations are translated in comparabims
(units of emissions) for each source by using thetor that describes how emissions from a
source translate into deposits in the differenépéar zones (say 10% on,B0% on R, 25%

on Ry, and so on). Each source will have a differenpealision vector according to its
location.

At this moment, for each source, two different amteuof potential emission
allowances are considered, the direct "emissiog"Riy and the one derived from "deposits”
PP{., with PP{ being equal to the sum &Pg. The lower value of acceptable emissions is
then selected, in order to satisfy the more bindioigstraint. On this basis actual quota of
emissions allowance®,' is acknowledged to sourgeWe may call them "usable and tradable
allowances". They can alternatively be used diyeéte. to cover actual emissions of the
source, or traded, if sources take measures te #eit emissions under this quota.

At the same time, individual sources (plants) areery an extra amount of potential
allowancesP{ responding to the difference between the lessiminconstraint (the emission
or deposit one, it depends on the locations) aedntibre binding one. This extra amount
cannot be used directly but only for trading iflearised trades can take place. We may call
them "unusable, tradable allowances". The workinth@ mechanism could be as follows:

» Just like the amount of "usable and tradable alfm&s”, the amount of "tradable, unusable
allowances" may evolve with time, following trangans of both types of allowances. At
any moment, the net amount of "usable allowanceslefined by the level of the most
binding of the two types of potential allowancesi&ion and deposit), and the amount of
unusable allowances can be calculated as the atiifer between the two types (emission
and deposit) of potential allowances.
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* A financial mechanism could be set up to facilitidte valuation of unusable allowances on
a market, i.e. they may feed an auction marketrosgd by the authorities on behalf of
sources. The financial product of auctions wouldrdfended to the source entitled to it.
This "last resort market” would be open to any seubut the buyers would be subject to
the same constraints of usage that were previaeslgribed for all sources.

* Unusable "deposit" allowances can only be boughtafaise touching the same deposit
zones in Europe as the ones affected by the otigseby the seller. In the latter case, it
means that individual transactions involving depadiowances have to be checked as
regards the deposit zones of each trading partsjsathe case for any exchange of "usable
and tradable" allowances. For instance, if 100 winsusable deposit allowances are sold
by a source to another, what is really sold is podgion right reflecting the structure of
deposits of the seller, say 20 tons i} 30 tons in £, 50 tons in 4 So the entitlement
obtained through the purchase of 100 "unusablediespallowances” is a vecton ps (20,

30, 50). It is possible that the buyer cannot bgevthole spectrum of what it buys, due to
its own different location and different structuoé deposits from its emissions. For
instance it may not be able to use more allowatieas 30 for Z, though it had to buy the
whole package of 100 tons to get the 30.

Let us give an illustration. Given two sources (dd § and $, belonging to
neighbouring countries, having deposits on the seeueptor zones. The potential emission
allowances quota to;Ss set at 1,000 units, though the deposit one evpokentially reach
1,100: $F = 1,000 ; $ = 1,100. For § S = 900 and & = 700. Two cases have to be
considered: (a) the emission formula is more bigdiman the deposit one; (b) the deposit
formula is more binding than the emission one.

(@) In the initial state, ;Spossesses 100 extra unusable deposit allowandeS &as got the
right to buy and use them, sinceg®d $ have deposits on the same receptor zones. The
result is now that & = 1,000 ; S° = 1,000. For § S5™ = 900 and $” = 800. $ will be
entitled to emit 1,000 tons and 800, for a total amount of 1,800, which meets both
emission and deposit constraints.

(b) This case is illustrated by the position gfirSthe previous case. Even after buying 100
unusable deposit allowances from S, still has 100 unusable emissions allowances it
could resell to any other source in the EU, withay specific regulatory constraint. Such
a trade may only be of interest to sources morstcaned by emission requirements than
by deposit ones.

With such a system, all constraints are taken atiwount without compromising the
political commitments behind national ceilings agreipon in the Oslo Protocol. At the same
time, this mechanism generates a general marketlfowances alongside bilateral trades,
with two goals:
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e giving additional flexibility and safety to sourgeand avoiding strategic retention of
allowances; the mechanism would be similar to anstiorganised by the EPA in the USA;
any source looking for allowances and not findingnh through bilateral trade may enter
this recourse market;

» facilitating the emergence of a public price oferehce for S@ allowances, and
authorising comparisons between what is going owarious national markets; when
transactions are bilateral, they can be kept mivatith no information released about
prices paid; the only information that authoritisould be entitled to register are the
quantities of allowances being exchanged; withctieation of this market, price becomes a
public good that helps each individual source tapghits strategy.

An integrated system with an auctioned secondary ket

Emission constraint Deposition constraint
Initial allocation of emission 60% reduction in the ggp
on the basis of national ——» EMEP ««———| between actual deposits
guotas || and the critical loads
PPy l l PP,/
The binding constraint Excess potential allowances

generates usable and tradable generates unusable but tradable
allowances

allowances
Min (PPej ; PF{,j) = Puj Max (PF;J-; PPdi) - Puj = Plj I

Auction
L Trading with other plants -— market

|

Financial balance

Pollutant emission

Figure 5: The first variant of an integrated system withaaictioned market

Figure 5 shows that at each moment a source hastancamount of "usable and
tradable” allowances and another amount of "unesabd tradable" allowances. Through
trading, it can rearrange both type of assets.

2.2.3. A system incorporating compensations for States

Here, two steps for the initial allocation arelstnsidered, but to some extent they reverse
the previous solution. One begins by consideringetit emissions from sources (plants) and
simulates, thanks to EMEP, the subsequent depositach basic receptor zone. Two cases
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are then possible. If the critical loads are nateeded, the source is credited with a "deposit
allowance"D; corresponding to its current emissions. If théical loads are exceeded, the
target of 60% closure of the gap between depositks caitical loads is used to calculate a
deposit capD; for the receptor zone; this cap is allocated pribpaately to each source
having deposits in the zone. This definesfitet formula for determining the potential $O
deposit allowance®Pg' to be received by each individual soujcéplants). Consider this
example: one sourcq Bas 3 tonnes of deposits on a receptor zqn&®Zwhich the cap is not
exceeded, and 8 tonnes of deposits 9pwHere the cap is exceeded. Them8! first receive

3 Py,. If Z, is receiving a total amount of excess deposi®0aonnes and responsibility of S
for this is 5%, it will also receive:

{8 - [(20 X 60 %) X 5 %]}= 7.4 P,.
So thefirst potential deposit allocation of 8: PR'=3 P, '+ 7.4 B}

Then the total amount, E of such S@ deposition allowanceso EU sources is
calculated to test the compatibility of this allboa with the Oslo Protocol, as regards
abatement commitments expressed in national csiling

Ep = Zi’j PF{jij for each sourceand zone

An EU cap on emissions,tEis also calculated as the sum of ;S@mnissions
compatible with agreed national ceilings. Iy K Eg, the first allocation is actually
implemented for plants, since it satisfies at tame time the total EU cap and the critical
loads target for each European zone. If on theraonk, > E;, some additional restriction is
needed. It can be argued that a proportional remucin thefirst formula of allocation of
allowances will be the appropriate solution for vedividual source. For instance, if&
1.2 x K, the actual initial allocation of,Swill be:

Pi= [(3/1.2R,;7.412R)] = (25R,;6.15R,)

Such a procedure fits well an integrated EU pdalitimontext, since member countries
are supposed to transfer their national quotakddet), so as to obtain a global EU wide cap.
The prominent role given to the critical loads tasgexpresses the same equilibrium. But
under what conditions will this solution be accéitato governments? Some countries will
certainly see their actual quota reduced when coedptn the agreed national ceilings in the
Oslo Protocol or to the first variant considered\ah It seems quite natural to envisage some
mechanism of financial compensation. It has beapgsed to compensate governments
rather than sources, since governments have torbenced to accept additional restrictions.
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DCi

Deposition constraint
Current deposition on zon

If Qn# zi,jnpdij
for country n,

e j then governments establish
financial compensations

A system with compensations for States

Trading with other plants
on z markets
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Deposition (Eor EfEr Pollutant
capD; -«—— 60% reduction in the T emission
gap between deposits
¢ and critical loads Ep<Er Ep > B
EMEP
¢ Emission constraint
PP.i National quotas Qare
di .
Potential allowances——> Y PP, = E, addefgmgcieEEU quota
o plant j of emitting on ! n~n~ E1

Figure 6: A second variant of an integrated system with gensation for states

What should be the base for this compensation? ddbly, compared to the Oslo
Protocol, some countries are going to see theacation improved and others worsened. It
will be easy to see who has to be compensated dnadhas to pay compensation. In the
normal ordinary running of allowance trading, thmoaint of the compensation could be
determined on the basis of the mean market pricallotvances. Since this is the initial
allocation that is being discussed now, there i sb observable market prices for
allowances. They could be proxied by some estiohtearginal costs of meeting constraints
on SQ emissions. This solution might be empirically gitee on the basis of some field
study, but it lacks logical consistency. Tradingesoes find their justification in the fact that
marginal costs are not appropriately known by @nauthorities, and may not even be
adequately revealed to sources before the laterdgnamically confronted with a new
context, including allowing trading opportunities!

There is a conventional way around this issue, Wwhscin the spirit of the Oslo
Protocol. Since the breakthrough of this Protocalswonly possible because the parties
accepted some integrated assessment as a basmlabmrating a rather cost-effective
international plan, parties should agree to cateu@mpensation using the same tool. The
compensations table could then be calculated adiffieeence in national costs resulting from
two allocations: the agreed national ceilings @& Brotocol and the allocation resulting from
the procedure that has been just described.
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2.2.3. A comparative summary of the three trading schemes

The three trading schemes we have just examinedwgposed to meet the basic
constraints of the SOEuropean game as we have interpreted them. Howtheyr are not
identical in every respect and implement differi@stitutional and political equilibria; they do
not establish the same economic mechanisms ei#henmparative approach may help to
identify the specific pros and cons of each sotutieour general criteria are now considered:
cost-effectiveness; achieving environmental targe@dministrative ease; political
acceptability. As a reference for the comparisomalgo place the existing CAC regime in the
comparative table.

Table 2 provides a subjective and qualitative caampge assessment of the basic
policy regimes discussed in the previous sectiBosae critical features of the comparison are
not easily caught in such a table, which is notilasstute for the detailed discussion of the
previous sections. The general conclusion illusttdty this table is that some trade-off has to
be built between cost-effectiveness, administratiad®e and political acceptability.
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Cost-effectiveness Environmental

achievement

Administrative
ease

Political
acceptability

Low or medium
(with central economig

Rather low:
no guarantee on

Medium: based on
existing routines;

High for administrative
services; mean for

modelling) global and localised intensive use of | firms; low for Ministers
Existing CAC performance; non modelling of Finance
attainment of the Some risks of
critical loads target [ implementation failurej
regarding monitoring
rather high High Medium Looks cumbersome; np
Coupled flexibility and cost- may achieve greaterl modelling used only fof incentive to firms andj

emissions and
deposit tradable

effectiveness; bilatera
trades; n+1 markets

rather high transaction

progress in S©
abatement because
the critical loads

the initial allocation;
bfstringent monitoring of
emissions and tradeg

governments to go
beyond agreed nationfl
ceilings

allowances costs constraints
High High Rather low Provides incentive to
cost-effectiveness may achieve greateif complex monitoring of| accept the critical load
Integrated y g P 9 P

scheme with two

types of tradable
allowances:
usable and

unusable

(three types of markets:

usable, unusable
deposits, unusable
emission
Bilateral trade +
second market; publig
price generated by
auction of unusable
allowances.) But rathg
high transaction costs

=

progress in S©
abatement because
the critical loads
targets

Df allowances;
modelling used for ead
proposed trade for
usable and unusable
deposit allowances

emissions, trades and targets (entitlements g

v)

=

plants for unusable
h allowances)

Integrated
scheme with
compensation to
governments

Upper medium

Bilateral trades;
no public price; high
transaction costs

High

may achieve greater
progress in S©
abatement because
the critical loads
targets

Medium
monitoring of
emissions and trades|
odelling used for eag
proposed trade for
deposit allowances

=

Provides incentive to
accept the critical load
targets (compensatior]

h  to governments)

v)

[]

But political reluctance
in respect to the idea ¢f
compensation amond

governments

Table 2 A comparative, qualitative assessment of alteraachemes
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2.3. About zoning and scaling

The issue of zoning has been touched upon severes tin this paper. This issue deserves
consideration regarding the two alternative wayadbieve a zoning for trading. Two main
problems need to be addressed: the first concémsdale of receptor zones; the second
concerns the way zones are defined.

At one extreme, we have grid-cells, i.e. relativetyall territorial units of 150 km X

150 km. At the other extreme, we face one uniquezthe European territory concerned by
the LRTAP Convention. The higher the scale, thearaitractive the potential for economic
efficiency gains from trading. The lower the scdlee more the market will take account of
localised environmental differences, though theeptial gains from trade will be lower.
Maintaining practical viability with sufficient pential for economic efficiency gains should
be considered the relevant criteria of choice far ‘tbest" scale, not just having a complete
guarantee about the environmental evolution ofyeserall part of the European territory. If
such an extreme requirement is imposed, it wouldodgng too much for environmental
certainty. But how can we proceed in this direction

If the existing grid of 150 km X 150 km is to be imained as a framework for
organising allowance trading, defining a matrixaties of exchanges (offset rates) between all
zones is inescapable to find a sufficient flextiliThis was not the way explored in this
article. We advocate to keep with a 1 to 1 ratexathange within homogeneous zones. In
that case, the solution is to constitute a limitetnber of macro zones to give sources a
sufficient margin of flexibility.

There are two main possibilities for organisinghsatacro zones. The first consists of
setting a number of classes of excess over critieals and to map the territory according to
these classes. Two territorial units belongingh® $ame class may not be adjacent. Allowing
a 1 to 1 rate of exchange within each equivalefagsds appealing, since emissions will have
a broadly similar effect on the environment, thotig risk of having hot-spot problems, with
an unduly large concentration of pollutants in sgtaees, cannot be excluded. So it may be
useful and prudent to introduce some restriction.

This is provided by the alternative way of designaoning - identifying homogeneous
geographical zones i.e. zones having a geograptiggt in terms of contiguity and at the
same time the same broad level of excess of depmsgir critical loads. Several adjacent cells
with the same sensitivity to deposition could bengd in a single macro zone. Such a
grouping extends the trading possibilities betweleposits allowances. Trade would be
allowed only between sources having emissionafaiinto the same macro zone. Figure 7 is
an illustration of this conception.
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* As a first step, zoning is roughly defined. Sourcaging emissions falling on a macro
zone of the same sensitivity can trade. For ingtasources from which emissions are
falling on (R1, R2, R3, R10, R11, R12, R19) canldraeposits allowances between
themselves. In the same way, sources having emssgadling on (R51, R58, R59) can
trade together;

» Conversely, sources generating deposits onto R8dwmat be allowed to trade with
those having deposits on R58. An increase in deposiR8 cannot be compensated
for by a reduction in R58, due to compliance wititical loads.

* Sources belonging to different macro zones but ggain the same class of
environmental excess are not allowed to trade;egioned above, this could generate
hot-spots of concentration of pollutants. Zone oilld be made up of R4, R5, R6,
R13, R14, R16, R21, R22, R23, R24, R28, R29, R31, R32 as an homogeneous
trading zone.

low sensitivity area

%

medium sensitivity area 2
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high sensititvity area
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Figure 7: Example of adjacent zoning

Such a grouping into macro zones can be made ielerSince the ultimate target is
formulated in terms of respecting critical loads éach basic territorial unit, progress in that
direction may be supported by a transitional apgto@ the scaling of trading zones. The
initial step would be organised on the basis ofnatéd number of macro zones, to give
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sufficient economic flexibility according to thegsent state of emissions and national targets.
Such macro zones would not constrain sources entugmsure compliance with critical
loads targets for each unit zone. At later stafjesse zones could be scaled down. For
example, we can divide each of the previous magne anto several parts:

Z1: - z1(R4,R5, R6,R13, R14),
- z2(R21, R22, R28, R29, R30),
- z3(R16, R23, R24, R31, R32)
and so on for any macro zone ...

One critical point for the dynamics of scaling fr@an incentive viewpoint is that the
future evolution of the grid should be communicategarticipants well in advance so as they
can elaborate strategic plans of compliance incatpw early adaptation. Otherwise the
outcome could be very inefficient. For instancestakes in capital investment might be
induced. The authorities might therefore annouhe¢ the existing zones would be narrowed
five years later, and then again 10 years afteantBlcould then elaborate strategies for
complying with the constraints and benefiting frapportunities. Such announcements of
changes in the scale of trading zones would lifmét problem of hot spots from the start,
because for every decision having a medium or l@wgh time horizon, specifically for
planning investments (desulphuring equipment, epignt operators will have to take the
announced changes into account. By the end of ibeeps, the long run targets fixed by the
Oslo Protocol, i.e. respective critical loads &t lvel of the grid-cell, will have to be met and
this will give much less scope for trading.

With respect to practical matters, what type ofiagnmay reasonably be considered in
an initial step? It seems that defining five tradimacro zones in which critical loads are
exceeded may make sense on both economic and meblggounds. For instance, this is the
recommendation proposed by Bailey, Gough et MillGt®94). Here macro zones are made
of a grouping of unit zones having adjacent sernsjtiOne procedure, suggested by these
authors, is to set five classes of acid sensitiaitgl to classify each grid cell according to this
gradation. Sensitivitk is defined by the value of critical loads, i.e.the amount of acid
deposits that a zone can absorb without being fgignily damagedx is expressed in
kegHkmz2yrt, The five classes are as follows:

(x < 20) ; (20 <x < 40) ; (40 <X < 80) ; (80 <x < 160) ; (160 )

An alternative approach is to classify grid cellxc@ding to the level of excess
deposits. This leads to another mapping. The fotligwmaps give an illustration of these
classifications. Map 1 shows how five sensitivitasses are split into macrozones. This
« sensitivity » classification is not very satigtag: two areas classified in the same sensitivity
class may suffer unequal damage due to additiogpbgits; marginal damage depends not
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only on sensitivity levels but also on basic defsoseceived by zones in excess over critical

loads. This is a reason why we suggest to condiigesecond type of zoning based on excess
deposits over critical loads. With five classeseatess deposits, we can distinguish five

critical macrozones surrounded by large areas wdréreal loads are not exceeded. These are
given in Map 2.

These maps convincingly show that drawing macrcegda not an entirely arbitrary
exercise. By accepting some kind "sfcrifice’® for a few cells, it is possible to identify
homogeneous zones of a large scale. It should teedahat significant superficies are not
really affected by acid deposition. These zone® ltmposits that do not exceed critical loads.
The 60% abatement constraint will not be bindingtfi@m, but only respecting critical loads.
Countries like Spain, Greece and Portugal are lbyaadhis category.

CONCLUSION

Allowance trading can be economically and environtally advantageous when compared to
a homogeneous tightening of emission standardbelicase of a EU SQrading scheme, the
system would incorporate a double institutionalstoaint (national overall targets, a target of
a 60% reduction in the excess of deposits overstpercentile critical loads). This could
make it more complicated than imagined at firshgi@nd entail significant organisational
costs, thus limiting the incentives given to compario commit themselves to trading. This
may be an obstacle. Incorporating a EU trading reehénto the framework of the Oslo
Protocol would be a delicate operation, needingvinid several obstacles. The design of the
instrument should seek to match the political campse established by this Protocol,
between a more federal-oriented, integrated appraad a more national-oriented one. Three
possible solutions have been considered. Firstouble, coupled, system of allowances in
which basic operators have to gather the same anobtime two sorts of allowances to obtain
the right to emit the corresponding amount ob.S&econdly, an integrated system giving due
account to both constraints with the introduction ao distinction between "usable and
tradable"” allowances and "unusable and tradable$.ohhirdly, an integrated system focused
on deposition allowances trading, equilibrated hbyaricial compensation between
governments.

22.- Macrozoning does not exclude the risk thatsome areas, deposits may increase or may notadecre
though a significant decrease will be achievedtheoparts of the same macrozone. Nevertheleshpiild be
stressed that the target of a 60% abatement raeces over critical loads does not directly rédeslamage. In
places where critical loads may be slightly exceledlee target is the same as in places where tteses of a
greater magnitude
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The most critical point for implementing these s$ins will be to find an agreement
on the simplification of zoning. Drawing five honm@awus zones in Europe, within which
trading could be free, is the way we suggest. Suchpproach would mean that an individual
source should operate in a maximum of five differeanes markets, depending on the
dispersion of pollutants it emits. This construelies on the capacity of EMEP to reliably
model the transport of pollutants from sourceseteptors.

One important advantage of a S@ading scheme might be to allow a better
management of the timing of progress towards thienate goal of respecting critical loads
everywhere in Europe. This idea of transition carubhderstood both at the global EU level,
where allowance trading may help progress by redutiie economic cost of the trajectory,
and at the utility level, where the new flexibilipermits an optimisation of the timing of
investment devoted to the abatement of pollutddépending on their specific situation, not
all plants will be obliged to achieve their adajiatin the same way, at the same pace. This
can be contrasted with the usual requirement of CAC

Due to the novelty of the instrument in Europaldes not seem appropriate to extend
the trading mechanism to other sectors (all largmlustion plants, refineries) from the
outset. A risk of destabilisation of sectoral eaoimo conditions may raise strategies of
protection which are not those being aimed at. Kegpuch an extension to a second step,
after seven or ten years of initial experiment wittihe power generation sector, would allow
the experience gained to be exploited in extentliegscheme to other sectors.

Finally, emissions trading should not be designetl @nsidered as a pure application
of textbook economic theory, nor as an end infitdelt as the instrument of a cost-effective
institutional evolution, achieving a political ttion towards greater integration of
environmental policy. As Baron and Hourcade (1988)e said in the context of GOhybrid
schemes", compromising political rationale and sjeinstitutional dynamics at the national
and international level may represent the mosttigaovay forward available at present.
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