Joint Discussion Paper

ottingen Series in Economics

Kassel

by the Universities of

Aachen - Giel3en - G6ttingen
Kassel - Marburg - Siegen

ISSN 1867-3678

Giel3en

No. 34-2011

Sven Rudolph and Christine Lenz and Achim Lerch and
Barbara Volmert

Towards Sustainable Carbon Markets: Requirements for
Ecologically Effective, Economically Efficient, and Socially
Just Emissions Trading Schemes

This paper can be downloaded from
http://www.uni-marburg.de/fb02/makro/forschung/magkspapers/index_html%28magks%29

Coordination: Bernd Hayo ¢ Philipps-University Marburg
Faculty of Business Administration and Economics ¢ Universitatsstral3e 24, D-35032 Marburg
Tel: +49-6421-2823091, Fax: +49-6421-2823088, e-mail: hayo@wiwi.uni-marburg.de



mailto:hayo@wiwi.uni-marburg.de�

TOWARDS SUSTAINABLE CARBON MARKETS:
REQUIREMENTS FOR ECOLOGICALLY EFFECTIVE, ECONOMICALY EFFICIENT,
AND SOCIALLY JUST EMISSIONS TRADING SCHEMES
Sven Rudolph, Christine Lenz, Achim Lerch, Barbara Volmert?

Abstract

Domestic climate policy emissions trading schenmgmear to be spreading all over the word. Howev-
er, carbon markets in existence often suffer fraotidn in terms of ecological effectiveness, eco-
nomic efficiency, and social justice. Thus, in arttefirmly base carbon markets on the main pillars

of Sustainable Development, this paper definestiteria of ecological effectiveness, economic-effi
ciency and social justice and operationalizes tfargiving design recommendations for sustainable
carbon markets. Methodologically, the paper usdfareeand institutional economics, jurisprudential
reasoning, and modern climate justice thinkingroheo to discuss the three criteria. In additiorsigie
and implication analysis is applied in order toelep design recommendations for sustainable carbon
markets. By doing so, the paper provides evaluatiteria for emissions trading schemes in existenc
and in planning, but also allows for improvementsider to make emissions trading a valuable in-

strument of a sustainable global climate policy.

Keywords: sustainability, emissions trading, clienpblicy, justice, efficiency, effectiveness
JEL-code: D62, D63, Q48, Q54, Q58

1 Introduction

Although environmental economists have intensiaglglyzed tradable emission rights since the in-
vention of the instrument by Dales (1968), have leaszed its merits in terms of ecological effec-
tiveness and economic efficiency (Tietenberg 2086(l, have even proven emissions trading
scheme’s (ETS) applicability e.g. in traditiona¢ah air policy in the USA (Ellerman 2000, OECD
2004), it took until 1997 to introduce this instremt in climate policy. The Kyoto Protocol of 1997
allows the use of flexible mechanisms such asmnatéynal Emissions Trading (IET) (Art. 17 KP),
Clean Development Mechanism (CDM) (Art. 12 KP) dotht Implementation (J1) (Art. 6 KP). Nev-
ertheless, besides earlier experiments in EU mesthtgs such as Denmark and the UK, the EU ETS
of 2005 was the first supranational carbon markeirg at substantially reducing emissions of carbon
dioxide (CQ) and lowering compliance costs. However, the tesubre ambiguous (Ellerman et al.
2010): The pilot phase (2005-2007) had almost dogecal effect, the carbon market suffered from
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over-allocation8.3% above 2005 leveand price fluctuations (30-1 Eur@nd distributional effect
(windfall-profits, competitive distortionswere unfavorale. The second phase (2(-2012), instead,
proved to be more beneficial duea more stringent cap5-6% below 2005 leveand an increasing
share of auctioning (up to 10%8till, majorimprovements are yet to cometire hird phase (2013-
2020), when a stringesingle EL-wide cap is steadily decreased?1% below 2005 leve, initial
allowance distribution ighcreasingly baseon auctioning100% for utilities, increasing share f
energy intensive industriegndrevenues are used for climate pobken and adaptation meass.
Besides the EU (including European Economic Arégl Fcountries), carbon markets are ie-
mented in Switzerlandlapan, New Zealand, and the northeastern USAe ey are seriously n-

sidered in many parts of the wc, even on the regional and local bdsis.

Figure 1: Implemented (bold) and planned GHG ETS

Canada EU/EEA ykraine
USA/Canada USA = USA Svf{tzerland ;
WCI Federal RGGI Turkey = China South Japan
) ! Korea
Mexico :
India
Costa Rica
Indonesia
Chile!
Australia
New
Zealand

Despite its theoretical merits and its proven eiogircapacity, ET’ detrimental ecological, ecom-
ic, and distributional effectsave been heavily criticized by environmental and sogiavements a
well as by the industrgAltvater/Brunnengraber 20C. While some critique is exaggeraten many
cases, at least up to noslimate policyETS in practice are not basedambitioussustainability cri-
teria. Neverthelesgffective, efficient, and juclimate protection is undoubtedigcessary, because
unrestrained global climate change will inevite cause unpredictable and irreversible damage t
ecosystems mankind depends(l#CC 2007) it induces adaptation costs way beyond the @i
immediate climate protectiors{ern2007) and it inflicts unethical harm to present as vaslfuture

generations (WCED 1987)hus, any climate policy hio be based on sustainability critern order

3 For Internet-information on thespectiveETS see e.g.
http://www.bafu.admin.ch/emissionshandel/05538/@Bibdiex.html?lang=er
http://www.climatechange.govt.nz/emissi-tradingscheme/, http://www.rggi.org/hom
http://www.kankyo.metro.tokyo.jp/en/climate/cap_atrdde.html; http://www.westernclimateinitiativegdr
http://www.midwesternaccord.org/index.html, httywww.pewclimae.org/federal/congres
http://www.climatechange.gov.au/, http://www.pogatiscon.com/news/as.



to prevent detrimental economic, ecological, arglad@ffects.Despite ongoing debates on the di-
tion and operationalization of sustainab and the even widesprealiuse of the ternPezzey/Toman
2002), the concept defined bye Brundtland Report (WCED 1987: 43) salppears to be useft
“Sustainable developmentdgvelopment that meets the needs of the presdmwticompromisin
the ability of future generations to meet their avaed”. Following Munasinghe (199., sustainable

development consists of thrkeey element: environment, economy and society.

Figure 2: Key Elements of Sustainable Development
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Thus, sustainable policies have to meet environaheetonomic, and social dematr In this sense,

this paper answers thiellowing questions

* How can the criteria of ecological effectivenesgr@mic efficiency, ansocial justice be de-

fined and operationalizefor ETS applications?
* How should ETS be designed in order to fulfill thesiteria’

To answer these questiongstpaper uses welfare and institutional econonmaxder tcformulate
recommendations for ETS, #tat e.gabatement and transaction costsram@mized. In addition,
environmental economics’ and jurisprudential argnteeare used to develcriteric that guarantee
that ETSe.qg. reach their environmental targets and senhines to innovate. Ultimately, mode
climate justice reasoning is used to derequirements, so that ETeet demands of e.g. ir- and
intra-generational justic&hus, he pajr proceeds in the following way: First, the ciecof ecologi-
cal effectiveness, economic efficiency, and sqaisticeare afined and operationaliz€for the dis-

cussion orETS, and the main design features of ETS are desti2). Second, degn recommenda-



tions for effective, efficient, and just ETS arevdl®ped (3). Ultimately, the results are summarized

and existing ETS are briefly evaluated on the bafsise sustainability criteria for ETS (4).

2 Criteriafor and Design Featuresof ETS
2.1 Design Features

Basically, as proposed by Dales (1968), the detisio be made when cap-and-trade policies are im-
plemented are twofold; other authors add a thingedision (Rudolph/Jahnke/Galevska 2005: 563f):

» overall amount of allowed emissions (cap)
» initial allocation of emission allowances (distrieu

« framework of the secondary market (trade)

In order to further differentiate these dimensitorghe implementation of ETS in real-world climate

politics, the following design features apply (Rtet al. 2006, RoRnagel/Hentschel/Bebenroth 2008):

e coverage and bindingness
0 pollutants
o0 emitters (incl. upstream vs. downstream)

0 bindingness (binding vs. voluntary)

o total amount of emissions (incl. absolute volumespgcific intensity targets)
o dynamics of the cap (depreciation of allowancedcton of cap size)
» initial allocation and validity of the allowances
o free of charge (grandfathering, benchmarking) esplirchase (auction, fixed price)
o0 banking and borrowing
0 offsets (domestic, international)
* trading system
0 compliance periods
o0 marketplace
0 market interventions (safety valve, price limits.pet
e monitoring and penalties
0 monitoring, reporting, verification (MRV)
0 registries (allowances, emissions)
0 penalties

* Additional Measures

In order to implement sustainable ETS these ddsigmres have to be adjusted to the following basic

criteria of ecological effectiveness, economicadiincy, and social justice.



2.2 Criteria
2.2.1 Ecological Effectiveness

Theoretical as well as empirical studies on ETSc{idelis 1996, Rudolph 2005, Tietenberg 2006;
Ellerman 2010, OECD 2004) point to the importantcthe following environmental effects of trada-
ble pollution rights already emphasized by Dal&x6gt 801ff):

e accuracy in reaching the target
e means to adapt to structural changes (increasebamental risk, economic growth etc.)
e incentives to innovate

e carbon leakage

First and foremost, once the environmental tar§ &1 including the corresponding total number of
emission allowances is politically determined andteers are obliged to hold an emission allowance
for each and every unit of emissions, the overalirenmental target is met with utmost accuracy,

given monitoring is perfect. Contrary to environri@naxes, which represent a price control market-
based instrument, ETS are quantity control instnig)eén as much as the government decides about

the total amount of emissions allowed.

In addition to ETS’ accuracy, if necessary (e.g thuhigher environmental risks), the total quartdit
emission allowances could be easily changed bgdkernment either by depreciating the value of
allowances over time, by buying allowances fromriagket, or by simply handing out fewer allow-
ances in the next round of initial allocation. Arapy after the readjustment of the total amount of
allowances, again the new target will be met adelyravithout any delays. In the case of an increase
in demand (e.g. due to economic growth), for emwimental reasons, there is no need to revise the

ETS, because the overall supply of emission rightsbeen fixed ex ante.

Cap-and-trade systems just as any market-basezy paditrument and contrary to command-and-
control set permanent incentives to innovate. Astera have to pay for each and every unit of emis-
sions, developing and using a more cost-efficibatement technology not only saves them emission

reduction costs, but also allows them to sell sigimission allowances and make extra profits.

Ultimately, ambitious domestic climate policy indlag ETS may cause carbon leakage, if competing
countries induce lower carbon costs on emittersdiRrtion sites may then be moved to the new host

country and emissions may even increase globéligeinew host has less stringent policies in place

2.2.2 Economic Efficiency

In terms of efficiency, tradable permits follow t8&andard-Price-Approach (Baumol/Oates 1971),

thus inheriting its main economic characteristRadolph 2005, Tietenberg 2006, Endres 2007):

* company-level efficiency



« society-level efficiency
e attribution of costs

* administrative costs

* transaction costs

e property rights

e competition

Company level efficiency is achieved by allowingitens to choose their individual optimal level of
emissions by matching marginal abatement costsremndllowance price, the latter being determined

by supply and demand on the allowance market.

Due to a unique price signal from a competitivekatand the matching of the market price with
marginal abatement costs by each and every pqliui@minal abatement costs are equalized across all
polluters, which in turn characterizes the effitiatiocation of abatement efforts and emissiontsgh

across the economy. In this way, environmentaktacgn be reached at lowest cost to society.

At the individual firm level, market-based instrum® make the polluter pay not only for abatement —
as is the case in command-and-control regimest-albo for the remaining part of the emissions. For
every emission unit caused, polluters have to aeqn emission allowance and pay its price. How-
ever, the additional burden to polluters dependthennitial allocation scheme. If allowances are
sold, a real extra burden emerges; if allowancesianded out free of charge, there is no such hurde
In the former case, however, the revenues candmfos redistributive purposes or for lowering dis-

tortional taxes in order to create a double dividéBovenberg 1999).

In terms of administrative costs, being the cdst$ governments have to bear when implementing
environmental policies, theoretically ETS lowers thurden compared to command-and-control poli-
cies, because — in addition to monitoring measutde administrative body only has to fix the total
amount of emissions and distribute the allowanieetividual approval of facilities and abatement

technologies would be redundant.

Transaction costs, which arise when property rightstransferred, lower the trade volume of allow-
ances and thus can lead to efficiency losses (&d\895). However, transaction costs can be kept to
a minimum if allowances are traded on establishatkets or brokered by experienced agents and if

additional approval requirements for individuabalhnce transactions do not apply.

In terms of property rights (Bromley 1991), propezan be based either on natural rights (Locke) or
on a social contract (Kant), whereat the first aallpws expropriation if compensation applies, whil
in the latter case a societal consensus can clpaogerty regimes, e.g. if former free emission tsgh
are auctioned off under ETS. By fixing a total alédble amount of emissions, ETS, as a first step,
transforms open access to natural resources @i gtoperty. Afterward, by handing out emission
allowances, state property is transformed intogte\property. Thus, ETS, as Bromley (1991) and
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Daly (1999) demanded, separates the decision dheubtal scale of the economic subsystem from
the distributional and the allocation decisionsthiis way, also, only patrimonium, the right to tise
resource (usus, usus fructus), is granted to emittéhile dominium is not, because the government

prevents abusus by limiting the total amount ofssmin rights.

Competitive distortions can occur on emission afloee markets, if the underlying market (e.g. the
electricity market) is imperfect; however theselppemns have to be dealt with at the level of theennd
lying market. Serious competitive distortions coalso be induced by free-of-charge initial allocati
schemes, and have to be dealt with by the issuitigpaty. In addition, market participants could
stockpile emission allowances. If allowances ar@rtied for future use or arbitrage profits, no disto
tion would occur. If, however, allowances are kepttock in order to prohibit competitors’ market
entry, this would signify a serious competitivetdition. However, such kind of distortions is umeliik
due to individual profit maximization, and they daamkept to a minimum by market surveillance au-
thorities. Ultimately, higher carbon costs indubgdambitious domestic climate policies may lower

this country’s competitiveness on the world maded lead to leakage of production sites and jobs.

2.2.3 Social Justice

Contrary to the well-defined criteria of ecologieflectiveness and economic efficiency, the ciiteri
of social justice and especially its targets amraversially debated and rather insufficientlyided.

It is even questioned if justice can be definedbstract terms, or if justice is rather a concépbm-
peting claims and case-by-case negotiations abfaut autcome, while others argue that even claims
can be logically discriminated against and priestcan be defined without ethically discriminating
against individuals. Anyway, as climate changergjlpinfluences the livelihood of current and fugur
generations, ETS distributes entitiements to usetimmonly owned atmosphere. At the moment,
these distributional decisions are not based doresesponsibilities for climate change. Therefat
has to be considered how a just distribution caadheved i.e. in which way different claims can be
respected. In this context, the following concegftsocial justice are important (Helmstadter 1997,
Krebs 2000, Lerch 2003):

e procedural justice vs. the result of distributiustjce

e justice in transfer and acquisition, justice withifocation and redistributive justice
» desert-based justice and welfare-based justice

e egalitarianism vs. non-egalitarianism

» inter- vs. intra-generational justice

Procedural justice assumes that only the procedun@sules of social processes can be just, wide t
result of distributive justice refers to fair outees of social processes. Critics state that thentation
towards the result of distributive justice impl@®sumptuousness with respect to the availabifity o

knowledge (Nozick 1974, Hayek 1996). However, usiame notion of the result of distributive jus-
7



tice is indispensable already on theoretical greuadd studies from economic psychology show that
individuals base their economic decisions on rdsadied concepts of fairness (Kahne-
mann/Knetsch/Thaler 1986). Thus, especially inctir@ext of economic decision making, some con-
cept respecting the results of a distribution evitable, whereat justice in transfer and acquisiti

justice within allocation and redistributive jugtiHelmstadter 1997) can be distinguished.

Justice in transfer and acquisition demands thaffant is compensated by an equivalent service, a
requirement that is inherently fulfilled by ETSsfige within allocation, in contrast, asks for & fa
distribution of goods according to individual clanikedistributive justice, however, refers to a fai
outcome of a redistributive procedure subsequetitganarket allocation. If these concepts are ac-

cepted, the question arises, what the criterighdistribution are.

Welfare-based justice asks for a fair distributi@sed on the needs of individuals. If desert-based
justice is applied, however, the distribution obdse is fair, if it is based on the share individuahve
contributed to the goods’ production. But deseddubjustice is faced with problems of measurement,
e.g. because effort can be measured in input pubtgrms. In addition, with respect to questiohs o
access to natural resources, the concept of deseed justice has its limits, because even if phe a
propriation of natural resources is legitimizednixing natural service with human labor, still,eder
vant part of the result is provided by nature. Anbination of desert-based and welfare-based justice
implicitly proposed by Marx (1972) — “from each acoding to his ability, to each according to his
needs” — is heavily criticized by economists, baeatlis mixture does not set the right incentives.
Rawls (1971), however, proposed a combination @é tiwo concepts, which is still considered to be a

groundbreaking contribution to the theory of justand the discussion on equality.

In the “why equality”-debate (Krebs 2000) it is aegl that, firstly, egalitarianism confuses equality
being a goal of justice with it being a byprodutjustice; secondly, equality may have inhumane
consequences; thirdly, equality underestimate oneptexity of the concept of justice; and fourthly,
equality is simply not feasible. As an alternatiweequality, inviolable standards such as humanidig
ty have to apply. Nevertheless, while equality cdrbe considered as the sole criterion for justiog

it most certainly has to be accompanied by mininstamdards, preferring equality to inequality seems
likely (Ott/Doring 2004). But even if equality i€e@epted, the “equality of what’-question arisesi-Re
erence points proposed in the literature are egfepences and talents not under individual control
(Sen), basic rights (Nozick), income (Daly). Whil@aive notion of equality in terms of equal wedfar
for everybody seems rather inadequate, Rawls (181jgested aiming at equality in terms of rights
and freedom as well as chances and opportunitigite imequalities can be accepted for income and
capital, if, and only if they deliver the highesnfit to the poorest, and if offices and positiars

equally open to everybody (difference principle).

Ultimately, questions of intra- and intergeneragiiguistice are relevant. The Brundtland Report

(WCED 1987) emphasized that the needs of currewelisas the needs of future generations should
8



be taken into account. While intra-generationdi¢esrefers to the distribution within one genearati
— e.g. on the national (rich vs. poor citizensinternational (industrialized vs. less developedrzo

tries) level — inter-generational justice accodotdifferences between present and future gerogrsiti

3 Design requirementsfor effective, efficient and just ETS

In order to establish sustainable carbon marketisréach climate protection targets reliably atimin
mum cost to society and without major detrimentisdributional effects, ETS have to be designed in a
way that accounts for the above defined criter@nsiering the specific design features of ETS, the
following recommendations can be given (Heisteridielis 1990, Boemare/Quirion 2002, Ott/Sachs
2002, Butzengeiger/Betz/Bode 2001, WBGU 2009, Fankbr/Hepburn 2010, Harris 2010).

3.1 Coverage and Bindingness

Sustainable carbon markets should cover pollutants emitters comprehensively but downstream,
oblige participants to engage in climate protectionlude opt-in provisions while excluding opt-out

options for the following reasons.

As efficiency gains are the biggest when margitatement costs differ greatly amongst pollutants,
coverage should include all pollutants. In additihre share of scarcity costs charged to the aigmn

of emissions is the biggest if coverage is compisive. Also from a competition perspective cover-
age should be comprehensive, in order to estastigfficient market and prevent thin markets, which
might lead to efficiency losses. From an ecologpaispective, covering all pollutants allows foe th
biggest environmental effects, because all emissame capped. While GOs the major GHG in
terms of overall global warming effects, other GH&vse a stronger impact per unit and their emis-
sions are also increasing. Thus, all GHG shouldnbkided in a carbon market, whereat non,CO
effects can be calculated on the base of Globalmivay Potentials (GWP). However, if monitoring
cannot be guaranteed for some pollutants (e.g.G@NGHG), if administrative costs of greater cov-
erage exceed potential efficiency gains, or if ¢hare already regulations in place, these pollstant
might be excluded. In this case, coverage shoulibtgsed on the most potential pollutants in terms
of overall global warming effects (e.g. @0n order to maximize ecological effects and ojtignon
abatement and administrative costs, while pollgtavith only a small contribution to global climate
change might be excluded; but again, the spedificadf criteria for exclusion increase administrati
costs. From a justice perspective, also, coverhgeld be comprehensive, because only this would
fulfill the equality and the polluter-pays criterahere, the application of the polluter-pays gplecas

a criterion for social justice allows for takingtanaccount historic responsibilities and therefase
sures that desert-based justice is kepmimd If only selected GHG would be covered, emittefrs o
these covered gases would be discriminated agdioseé who only emit other GHG but are also re-

sponsible for detrimental climate effects. £ should be used to include nonLCGHG. Even

9



though the social context of emissions is veiledCiyeq, procedural justice calls for G&€j, because
distinct natural scientific criteria are applieddaonly CQeq would enable the ETS to treat all GHG
equally. Nevertheless, there might be reasons ¢ttuée some GHG either because they cannot be
reliably monitored, which would violate the polltdgays principle as well as the inter-generational-
justice criterion, or unjustifiable competitive ddvzantages would arise. While in the latter cagey

generational justice would call for full coverag#ra-generational justice may justify exemptions.

In terms of emitters of GHG, the same economicjoggcal, and justice arguments apply, making

comprehensive coverage, independent of size, ensstosts etc., most beneficial.

As a consequence, from the viewpoint of effectigsnend justice, upstream ETS, in which emissions
are covered at the level of entrance into the emonsystem (e.g. fossil fuel producers or impojters
appear to be preferable to downstream approachesevemissions are covered at the point of actual
emissions (e.g. utilities), because upstream ET®umt for up to 100% of total emissions, while
downstream ETS usually only cover about 50%. Initeadd as upstream ETS are easier to monitor
due to the smaller amount for sources, ecologarglets can be reached more accurately, which also
fosters inter-generational justice, and the potipteys principle is fulfilled to a larger extentowev-

er, due to upstream system’s usually smaller amolumtarket participants, from an economics’ pers-
pective, downstream ETS appear to be preferabledarpetition reasons, because they provide a
more liquid carbon market. On the other hand, admative costs might be lower in the case of up-
stream ETS, because fewer sources have to be mexhitib both approaches are combined, however,
double burdens may arise, if some emitters facectidownstream-induced emission costs and up-
stream-increased fuel prices. In order to achieveféicient allocation, double burdens have to be
avoided, because they distort the price signal;dvaw prevention measures make the system more
complex and thus increase administrative cost®geliher, while upstream ETS is advisable from an
ecological and justice perspective, economics waeltbmmend a downstream approach; thus a

downstream system with broad coverage could bergpamise.

Participation has to be binding for covered sourEesm an economics’ perspective, in the absence of
additional participation incentives, only allowarsmlers with low marginal abatement costs would
participate in the carbon market, because only gheect profits from selling surplus emission rgght
why others expect an increase in costs. This worddte a market with supply but without demand
for allowances and thus prevent an efficient alioca If in the case of voluntary participation &dd
tional incentives for potential participants arepded, these kinds of subsidies tend to increhse t
financial burden for the government, create contigetidistortions, and thus lead to welfare losses.
Also, only a binding ETS allows for charging adalithl emission costs to the physical originator of
emissions, because in a voluntary system additiomsts would be shunned. Ultimately, competitive
distortions could only be prevented by compulsagtipipation of all emitters. From an environmen-

tal perspective, voluntary ETS tend to have leaagant targets (e.g. specific individual intensity

10



targets), in order to give potential participantsirrcentive to take part. In addition, penalties kess
feasible, because emitters would avoid them bypagsticipating. Binding systems, however, on the
other, can be used to implement ambitious tardpeiisvwwould be achieved accurately, because emitters
are obliged to engage in climate protection andlmheavily penalized if they don’t. From a justice
perspective, only binding participation would gude compliance and thus be in line with inter-
generational justice. Also, according to the peliytays principle, emitters must bear the costs of
emissions. Ultimately, following the equality criten, all emitters must be treated in the same way

and thus have to participate on the same terms.

If ETS are already implemented, opt-out optionsvallemitters to withdraw from participation ex
post, while opt-in provisions enable emitters téeemto an existing ETS after its introduction.rif

the case of opt-outs emitters are not covered hpeoable policies, losses in ecological effectigsne
economic efficiency, and social justice of ETS wabokcur, because the same arguments as in the
case of voluntary participation apply. On the othand, opt-ins may increase coverage and thus lead
to a more efficient, effective, and just ETS. le fatter case, however, the cap and other desan fe

tures have to be readjusted to the new coveragehwih turn, might increase administrative costs.

3.2 Cap

Sustainable carbon markets should implement anwbselume cap that is based on the ecological
need of restricting climate change to +2°C, intim@kiscarcity and considers the needs of current and

future generations according to the “Contractio@@&nvergence” concept.

While the optimal level of pollution is impossikie determine exactly by economics (Baumol/Oates
1971), cost-benefit-analysis can help approximatimgasonable level (Stern 2007). In any case, the
politically given environmental target asked for®Bgumol/Oates (1971) and thus the cap has to create
scarcity in order to implement a price signal fodividual emitters’ internal emission level optimiz
tion. Greater scarcity increases the incentivasriovate and to develop more efficient productiod a
abatement technology. By fixing an adequate cag, silso, the open access resource is transformed
into state property and the scale decision is niradigpendent of distribution and allocation, allogvin
the government to prevent abusus of the resoumgir(onium). In addition, other criteria such as
environmental necessities or fairness criterialmamised, thus lowering decision-making costs. From
an ecological point of view, the cap must be i limith the needs for global climate protection, e.g
keeping the average global temperature below +2%pared to the pre-industrial level. Total allow-
able emissions can then be easily calculated ialatesvolume terms. By using the Budget-Approach
(WBGU 2009), a total allowable amount of emissioh4,100 billion tons of C&eq for the period of
1990 to 2050 can be calculated, which, due to eonissn the past, leave only 600 billion tons of
emissions for the period 2010 to 2050. If thenjtmtice reasons (equality, polluter-pays principle)

equal rights to use natural resources for eacteseany person all over the world are accepted, natio
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emission caps can be derived immediately and eigaric responsibilities can be accounted for fol-
lowing the polluter-pays principle. If however, rat and intergenerational justice should apply, the
“Contraction & Convergence”-concept (Meyer 2000pagrs preferable, in which the total number of
emission allowances decreases form the statusajaa tcologically acceptable level (contraction),
and per-capita emissions rights converge (conveseiThis would result in a steep decrease in the
cap sizes of industrialized countries, while lesgalioped countries might even increase their emis-
sions. Anyway, a stringent absolute cap would stpipter-generational justice, because future gen-
erations would be safeguarded against dramaticgelsain their livelihood. However, all too stringent
caps may interfere with intra-generational justeg,. because due to regressive distributionatsffe
of higher energy prices poorer households are faggdcomparably high burdens. Again, the “Con-

traction & Convergence”-proposal would, at leasa fgood extent, take account of those restrictions.

When specifying the target, intensity targets (ergissions per product or per unit GDP) cannot-guar
antee compliance with an overall reduction tarigetause economic growth and output increases may
increase total emissions. Thus, only absolute veltengets allow for ecological accuracy and inter-
generational justice, because the overall amourdcoéptable emissions is fixed ex ante and future
generations are protected to a certain amount., Atseconomic terms, absolute volume allowances

can be more easily made marketable than reduateatits, thus saving administrative costs.

Changing the cap size over time might be neced$saryan ecological, economic, and justjmgnt of
view. A reduction of the overall cap size or a deation of the allowances over time (e.g. 2% per
year) might be reasonable e.g. in order to couaiktive decreasing incentive to innovate in theecas
of ongoing emission reductions, allowance saled, resulting price decreases. This would also im-
prove government’s ability to countervail abusustied atmosphere’s capacity to absorb emissions
revising its scale decision. In addition, movingvaly but steadily from status quo emissions to the
target level may lower transformation costs for teens and minimize detrimental distributional ef-
fects in terms of intra-generational justice. Wltitgo size changes are legitimate, if property fsdd

by a social contract, anyway, these changes shmmuttecided upon in advance, in order to give emit-
ters planning reliability. In addition to cap sideanges announced in advance, ex post adjustneents t
new scientific findings e.g. about ecological regments may be necessary. These, however, should
be kept to the absolute minimum, because they hagative economic and distributional effects such

as price fluctuations, depreciation of properthti etc.

3.3 Initial Allocation and Validity of the Allowares

Sustainable carbon markets should auction off eomssallowances and use the revenues for reim-
bursement. Banking should be allowed, while bornganay cause detrimental effects. Offsets should

be accepted but limited in quantity and quality.
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The initial allocation of emission rights is lesdavant for the environmental effects of an ETS. As
long as the overall cap is kept intact and thecation of additional emission rights to one emitter
means fewer allowances to other emitters, the enwiental accuracy is not endangered. However, if
changes in the overall amount of emissions rigféssaspected to occur due to new scientific finsling
on ecological necessities, auctioning allows fosi&aimplementation, because simply a smaller
amount of allowances has to be offered for saléhiwWifree of charge allocations, though, where al-
lowances are handed out based on historic emissionstput levels in a base year multiplied by a
compliance factor, the compliance factor has talenged, which induces additional administrative
costs. In addition, auctioning immediately setsemntives to innovate, because the price signal-is in
stantly visible, while if the initial allocation iBee of charge, the price signal only developshan
secondary market and incentives are postponed. Broetonomics’ point of view, the transformation
of state property into private property by theialiallocation should be done by auctions, which ca
be justified on a social contract based notion mipprty. Also, only auctioning of clearly defined
property rights to emissions immediately set arinogit scarcity price signal and thus lead to an- effi
cient initial allocation on a competitive carbonrket. In a fixed-price sale, initially, an optimalice
signal can be hardly achieved, because the authdwnés not know the overall abatement costs, which
is necessary to determine the optimal price. Tausal-and-error process similar to the one pregos
by Baumol/Oates (1971) for the tax case has tosked;uhowever temporary efficiency losses are in-
evitable. In the probable event of not settingdpBmal price, this will only be reached on themat:

ary market, where allowances are reallocated. Adhia creates uncertainty about the real price and
at least postpones an efficient allocation of abetd measures and emission rights. The same is true
in the case of an initial allocation free of chargile uncertainty is even intensified and adninais
tive costs dramatically increased due to the conriyl®f the distribution scheme. If benchmarking is
used, fuel-specific benchmarks constrain emittdrenwtrying to find the optimal abatement strategy,
because incentives to use a fuel-switch as anmkeateoption are undermined. In addition, only auc-
tioning implements the strong polluter-pays-pritejpvhile allowances are given out for free, emitte
only pay abatement costs but not the costs forahmining emissions. Those are borne by the socie-
ty. The decision about the initial allocation scleems clearly a distributive one. If allowances are
handed out free of charge, the scarcity rentsdoired by the cap are transferred to the emittetisel
emitters are able to pass on the costs to consusmiters make extra windfall profits. If, howeyer
allowances are sold, at least parts of the scareiiis remain with the government. The proceeds of
these sales can be used either for environmeritéqiion, adaptation measures, damage compensa-
tion, re-distributional means, or they can be usddwer distortionary taxes and create a doubte di
dend (Bovenberg 1999), which in turn increases alvefficiency. Administrative costs usually in-
crease dramatically, if other initial allocatiorhemes than auctioning are used. Fixed-price sales h
to find the optimal price by time-consuming trialeberror, while grandfathering-schemes need to

determine base-year emissions, compliance factarsy action provisions, newcomer reserves etc.,
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and benchmarking-schemes need to establish regpdmtinchmarks for clearly defined goods or
product groups, historic output levels or outpuetast with ex post adjustment etc. Ultimately, eom
petitive distortions within the group of incumberist also between incumbents and newcomers,
which cause inefficiencies, can only be preventégctvely by auctioning off all allowances. If al-
lowances are given out free of charge, competitigtortions are inevitable. In order to minimize
them, incumbents and newcomers have to be trehtedame. This, however, is almost impossible,
because grandfathering and benchmarking are bébed en past emissions or past outputs, both of
which newcomers cannot provide. In addition, in tase of grandfathering, early action has to be
taken into account in order to prevent rewarding lkggards; however, determining the period, for
which early action is acceptable, must remain aesdmat arbitrary decision. In the case of ben-
chmarking, products and product groups have toldeelg defined, the classification of which is not
competition-neutral. In addition, newcomers haveause output forecasts and ex post adjustments,
which may lead to temporary over-allocation of nemers and under-allocation of incumbents. Thus,
altogether, auctioning appears to be the far best of initial allocation. From a justice perspeetiv
auctions are preferable, because they follow trangtpolluter-pays principle. Also, all emittersear
treated equally. As auctioning is the most efficiemay, it saves money, which can be used for redi-
stribution or adaptation measures and thus foster-iand intra-generational justice. In additiang-
tions raise revenues, which, as proposed in theTakst (Barnes 2001), can be reimbursed to citizens
on an equal share basis thus following the priecgflequal entitlements to natural resources; tdaey

be used for adaptation measures in countries ttfgrshe most from climate change, thus fostering
intra-generational international justice; or thende used for other environmental, economic, er so
cial purposes. However, auctioning may introducavigedburdens on current emitters and, if costs are
passed on, to consumers as well. In addition, emsithay be faced with higher burdens if compared
to emitters in other countries with less stringeithate policies, which may result in carbon leakag
Auctioning thus raises questions of intra-genenaicational and international justice as wellras i
ter-generational justice. Well designed re-distitmal schemes for auction revenues as well as pro-
tective measures, however, may address these iasiegsiately. Also, free-of-charge-schemes may
cause unjustifiable windfall profits for emitteitSoncerning newcomers, they should be treated the

same way as incumbents in order to fulfill equadibd polluter-pays requirements.

Banking and borrowing, being the saving of earlguation credits for later use (banking) and the
present use of future reductions (borrowing), frameconomics’ perspective both allow for intertem-
poral flexibility and enable emitters to exploiffdrences in marginal abatement costs and thumepti
ize abatement over time. In terms of ecologicad@f, banking allows for early reduction. As global
climate change is an environmental problem caugeithd accumulation of pollution, early emission
reduction, even if compensated by later increasesiissions, do not cause detrimental effects. Bor-
rowing, however, may lead to a dilution of thergggncy of ETS, if credits for future reductions are

used at present for emission compensation but @reampensated by real reductions in the future.
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Thus, from an ecological point of view, banking slibbe allowed while borrowing should not. From
a justice perspective, while banking does not faterwith social justice, borrowing may violateant

generational justice requirements, if real emissemtuctions are not made in the future.

Similar to banking and borrowing, offsets, fromeoonomics’ perspective, allow for more flexibility
and additional abatement options. Offsets enabléesmto exploit differences in marginal abatement
costs between themselves and emitters that aradectifrom ETS due to e.g. geographical (external
offsets), size, or pollutant restrictions (internéfkets), thus increasing overall efficiency.lgwever,
offsets are accepted, their total amount shouléXeante determined as a part of the overall cap in
order not to ex post dilute the scarcity price algof the cap, undermine incentives to innovatel, an
dilute the cap. In any case, including baseline-@edit-based offsets into a cap-and-trade system
increases administrative costs, due to the compddoulation of baseline and project emissions, and
the need to fulfill ambitious quality requiremestsch as the sustainability of the projects. Alsomf

an ecological point of view, the total amount sllol¢ included in the cap and offsets have to fulfil
stringent sustainability requirements. They havéedaadditional, verifiable, permanent, and feasible
From a justice perspective, offsets may fosterrtetdgy and money transfers to developing countries,
thus increasing intra-generational internationatifie, given that offsets are ambitious and trustwo
thy. Quantity limits, however, do not have to apfityn a social justice perspective, because the pol
luter-pays principle always fully applies no mattethe emitter pays for his own reductions or & h

covers the reductions costs of other emitters.

3.4 Trading System

Sustainable carbon markets should be based on @tlgsnéunctioning place with equally easy access
for all emitters. Compliance periods can be lohgnterim compliance control is implemented. Mar-

ket interventions, however, should be kept to theblute minimum.

From an economics’ point of view, allowances shdwgdiraded at a marketplace already established
in order to minimize set-up costs. As far as pdsstipading should be IT-based. Stock exchange trad
ing as well as direct bilateral or brokered tradshguld be possible, because they can help inibgng
together supply and demand of allowances thus lageearch costs (Stavins 1995: 145f). Additional
state approval for transactions should be avoideatder to keep transaction costs down, while com-
petition authorities should overlook the emissiamarket. Ultimately, as well from an economics’ as
from a social justice perspective, the market shbel easily and equally accessible for all emititers
order to follow the equality principle and prevenmpetitive distortions and an increase in transact

costs. Other social justice and environmental sshiewever, are of only minor importance.

Compliance periods mainly depend on the ecolodarglets, while from an economics’ perspective,
longer compliance periods allow for extra optioasihter-temporal cost-minimization, from an envi-

ronmental and social justice point of view, shotempliance periods are preferable, because they
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allow for short-term, immediate control over redoctachievements and thus enhance ecological
effectiveness and foster inter-generational justfe&eompromise could be to have long compliance

periods, but additional requirements for short-teubmission of major parts of used emissions rights

Market interventions like safety valves or priamits must not be implemented, from an economics’
perspective, because they prevent the optimalaltmt of emission rights and abatement measures,
thus increasing costs. In addition, if additionaligsion allowances are handed out, when a certain
price level is reached, and if these extra allowanare not ex ante included in the cap, ecological
effectiveness as well as inter-generational justice endangered. However, price limits may apply

when intra-generational justice is at stake.

3.5 Monitoring and Penalties

Sustainable carbon markets should include robusitoring, reporting, and verification (MRV), reli-

able registries for emissions and allowances akageigorous penalties in case of non-compliance.

In ETS, basically, the authority only has to chdcégmitters can compensate each and every unit of
emissions by an emission allowance in its holdsTould guarantee that emissions at one point
would be compensated by emission reductions athangtoint, which in turn would lead to total
emissions below the cap. Thus, from an ecologa@nomic, and justice perspective, reliable moni-
toring is necessary in order to guarantee compiavith regulations, because only this would lead to
real emission reductions, efficiency gains, andgtaection of future generations while making the
polluter pay. Necessary individual elements are itbdng procedures as well as a registries emis-
sions and allowances. In order to guarantee steaahpliance and lower administrative costs, moni-
toring of emissions as well as allowance trackingutd be reliable, continuous, and IT-based. Com-
pliance monitoring based on periodically (verifiemhission reports, however, is more cost intensive
and suffers a higher risk of fraud and less envitental certainty. If, however, the reporting and-ve

fication option is chosen, the authority has togasthis task to independent and competent vesifier

If at the end of a compliance period registriesnslacshortage of allowances, severe penalties ltave t
apply for economic, ecological, and justice reas®enalties should act as an ex post punishment for
breaching the law and they should ex ante disceuemitters from non-compliance. From an eco-
nomics’ point of view, penalties act as quasi @jdhe payment of which may appear as a cheap
compliance option to emitters. Thus, fines havedaignificantly higher than the allowance price, e
double the average allowances price of the paspliante period. As the risk of non-compliance is
determined by multiplying the fine and the probigpibf getting caught, both have to be sufficiently
high. In addition, for ecological reasons, a stgetaf allowances must be fully compensated not late
than in the next compliance period in order toemdanger the cap. Justice reasoning emphasizes that
all non-compliance by emitters should be equallgt aaverely punished including ex post shortage
compensation in order to fulfill inter-generatiofasdtice and polluter-pays requirements.
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3.6 Additional Design Features

Ambitious domestic ETS may suffer from leakagesampetitors do not use a comparably stringent
policy to cope with GHG emissions. However, leakag® be prevented by different strategies.
Firstly, the domestic ETS could be made less gnfiga solution, which neither from the ecological
nor from the economic or justice perspectives wdngddavorable. Secondly, major competitors on the
world market, e.g. OECD countries, could desigmmmon carbon market or interlink their domestic
systems. Ultimately, if other alternatives fail,opctive measures such as border tax adjustments
could be implemented on the domestic level. Theyld/aaise the prices for imported goods by charg-
ing a premium on imported products originating froountries with less stringent environmental reg-
ulations and thus adjust production costs. Thisldvdevel the playing field for emitters covered by
ambitious domestic ETS, which would be advisabtenfran economic (competitiveness) and social
justice (equality, intra-generational internatiopatice, inter-generational justice) point of viewd

could even prevent a global increase of emissions.

4 Conclusions

By defining and operationalizing the sustainabitititeria of ecological effectiveness, economic-eff
ciency, and social justice for the application dA&GETS, design recommendations for sustainable
carbon markets shown in figure 3 can be derivedor&ingly, ecological, economic, and justice-
based recommendations in many parts tend to pothtei same direction. Thus, in designing sustaina-
ble carbon markets, major problems do not aris@ ftontradictory demands by different sustainabili-
ty criteria. All criteria rather emphasize the néada strict implementation of ambitious ETS with
stringent absolute volume caps, comprehensive ageecompulsory participation of all or at least
major sources, auctioning of allowances, restricteelof temporal and geographic means to optimize
on abatement costs (banking, borrowing, offsetsjnaothly working trading system, reliable MRV

and severe penalties for non-compliance includingast compensation of surplus emissions.

However, carbon markets in existence do not fubtijply with sustainability criteria. ETS in Japan,
e.g., are voluntary and allow intensity targetsd®ph/Park 2010), the Regional Greenhouse Gas
Initiative suffers from a loose cap (Rudolph 20Ek)d even EU’s ETS is still waiting for major im-
provements to come after 2012 (Ellerman 2010). &®eafor that can be found in the political econo-
my of emissions trading (Rudolph 2005). Nevertrelésr future political debates on emerging ETS,
political claims of sustainable carbon marketshwitg feasible, because economic, ecological and

social justice requirements differ greatly and adrive matched are proven to be ill-founded.
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Figure 3: Design Recommendationsfor sustainable Carbon Markets

Economic Efficiency Ecological Effectiveness Social Justice
Coverage and Bindingness
pollutants all all all
emitters all all all
upstream vs. downstream downstream upstream upstream
bindingness binding binding binding
Cap
total amount of emissions scarce target-oriented fair

absolute volume vs. intensity target
dynamics

absolute volume target
decreasing cap

absolute volume target
decreasing cap

absolute volume target
decreasing cap

Initial Allocation, Validity of Allowances
free of charge vs. for purchase
banking and borrowing

auction
banking and borrowing

auction
banking, no borrowing

auction
banking, no borrowing

offsets limited (amount, quality), below cag limited (amount, quality), below capg limited (quality), below cap
Trading System

compliance period long short short

marketplace established markets equal access

market interventions none none limited

Monitoring and Penalties

MRV IT-based, continuous, reliable reliable, accurate reliable

registries IT-based, reliable reliable reliable

penalties >allowance price discouraging, ex post compensation discouraging, ex post compensati

Additional M easures

e.g. border-tax-adjustment

e.g. border-tax-adjustme

e.g. border-tax-adjustment
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