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Abstract

This paper is a first attempt to measure transacatmsts incurred by firms in the European Union’s
CO, Emissions Trading Scheme (EU ETS) during its tpiadse (2005-2007). This analysis provides
some evidence that such costs were mainly of annastnative nature. We emphasize the existence of
remarkable economies of scale, as the costs paetohCQ were lower for participants with larger
allocations. Trading costs were not significant,amehce, not trade prohibitive. Thus, other facters
self-sufficiency in compliance and low allowancécps — played a major role in the decision whether
to trade or not during this trading period.
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“...we have to take into account the costs involvedparating the various social arrangements
(whether it be the working of a market or of a goveent department), as well as the costs involued i
moving to a new system. In devising and choosihgdas social arrangements we should have regard
for the total effect. This, above all, is the chamg approach which | am advocating.”

Coase (1960, p. 44)

1. Introduction

The European Union’s Emission Trading Scheme (EQ)Elike any other pollutant-trading system, is
expected to produce efficiency gains in reaching @G emissions target. Firms with the lowest
abatement costs should abate most, and sell thialus of allowances to firms with higher abatement
costs. As abatement occurs where costs are loabatement targets should be met at least cost.
Montgomery (1972) argues that this efficient eduilim is independent of the initial allocation,
suggesting that regulators can distribute pernstthay wish. These key features — cost-effectiveness
and irrelevance of initial allocation — of tradisghemes are the main arguments why trading schemes
are favoured over other alternative environmemstruments to mitigate climate change.

Stavins (1995) uses a simple theoretical frameworlshow that the potential costs savings from
trading systems might be compromised by the presefdrading transaction costs. The nature of
transaction costs can determine whether the indilcation matters for the achievement of the
efficient equilibrium. Along similar lines, Tieteehy (2006) argues, that a completepostevaluation

of the degree of cost-effectiveness of any tragiragramme needs to address total compliance costs —
abatement costs, as well as trading and admitigreosts. This comprehensive evaluation approach
can be especially useful in the early stages ofréing programmes, as it can provide insightgtier
development of the existing scheme, or for thegiesf other new schemes.

These theoretical findings on transaction costssapported by empirical analyses of the pioneering
US trading systems. Kerr and Maré (1998) find thatpresence of transaction costs in the lead permi
programme caused efficiency losses of 10-20 percgahgadharan (2000) shows that the effect of
transaction costs on the choice to participatéh@nRegional Clean Air Incentives Market (RECLAIM)
was significant: without such costs the probabitityrading would have increased by 12-32 percent.

Based on this evidence, and considering the faatt ttie scale and complexity of the EU ETS are
unprecedented, it is clear that to understandiagrdmsaction costs incurred over its trial ph289%-
2007) is of paramount importance.

This study addresses the transaction costs incusgedirms, but it must be remembered that
governments also incur transaction costs. The EampCommission (EC) faced transaction costs
associated with the creation and maintenance &WAETS team in Brussels. Similarly, each member
state had to establish complex organisations ibtéde the EU ETS implementation.

As refers to firms, their transaction costs ar@eisdéed with setting up a monitoring system, reipgrt
emissions, hiring a certified verifier every yeardatrading allowances if necessary. Some of these
costs are incurred only once, in the initial stajehe policy implementation; however, the costs
associated with monitoring, reporting and verificat(MRYV) are continuing costs. The costs related t
trading are variable and depend on the numberag#ctions conducted and/or their volume.

% There is an extensive summarized by Convery (2808)epitomized by Crampton and Kerr (2002) thaduwaction is
preferred to grandfathering becaitseduces tax distortions, provides more flextiiln distributionof costs, provides
greater incentives for innovation, and redypagically contentious arguments over the allogatof rents.



Most of the theoretical and empirical literaturelsbsed to this topic focuses on the trading tditsa
costs and their implications for market efficienchhe ex postempirical analyses focus on the
experience with trading schemes in the US. Theeenar empirical estimates available of the three
categories of cost incurred by firms in setting umpplementing (MRV) and trading in the EU ETS.
Our study was designed to fill this gap. The olwecof this study is to define the sources and neadx
transaction costs, and estimate their magnitudeakW¥ealso interested to know how these costs were
distributed across the preparation, implementaséind compliance cycle, and to distinguish between
total, fixed and marginal costs.

For this purpose we surveyed all the Irish compamparticipating in the scheme in the trial period
(2005-2007). While Ireland may not be represengatii/all EU member states in some respects — the
share of Ireland’s COemissions in the EU ETS is low (around 30%) dueh® dominance of
emissions from agriculture and transport, Irelaad had a rapid growing service economy, and the
industrial output is concentrated primarily in n@mergy intensive sectors — it is representative in
others. First of all, every sector covered by thé ETS is present in Ireland, with the exception of
metal processing; secondly, Irish firms and inatadhs are very heterogeneous in terms of size, and
many firms have multiple installations, thus allagria meaningful overview of how transaction costs
differed across installation of different size. &y, the relative small number of installationsaived

in the scheme allows for much more detailed ingasion than would be the case for a larger country.

The remainder of this article is structured asof@: in Section 2, we review the theoretical and
empirical literature on transaction costs. In et we present a taxonomy of transaction costisan
EU ETS. In section 4 we present our methodologe 3iwrvey’s findings are presented and discussed
in Section 5. Section 6 contains a summary of mdirigs, our conclusions, and policy implications
for the future development of the EU ETS.

2. Environmental policy and transaction costs: thery and application

OECD (1993) defines transaction costs as “the dastdved in market exchange. These include the
costs of discovering market prices and the costsrding and enforcing contracts.” Another OECD
(2001) definition describes transaction costs dse “costs of gathering information, making
decisions/contracting, and controlling/policing”hd former characterization encompasses market
related transaction costs; while the latter cobath policy and non-policy related transaction spest
convention which we adopt in what follows.

Few studies attempt to conceptualise the transactists created by environmental policies. McCann

et al. (2005) provide a comprehensive taxonomyasfdaction costs and of the different methodologies
for measuring them. In their framework, transactosts are more agent and time specific rather than
transaction specific, and they promote ‘absolutahsaction costs’ evaluation. In contrast to their

arguments, Rao (2003) suggests that it is enougtomgider only those components of transaction

costs which are not common to alternative policvés.adhere to the latter approach.

Krutilla (1999) argues that in the environmentabreamics literature, the area of transaction casts i
relatively unexplored. Transaction costs are nkértianto account in most studies on the governance
of the global commons (Ostrom, 1990).

As mentioned above, Stavins (1995) studies thenpateimpacts of trading transaction costs on
pollution trading. Within his theoretical framewotike shows that, in the presence of these cods, th
efficient equilibrium of the trading systems midi¢ undermined (decrease in the volume of permits



traded), and, that the market equilibrium dependthe initial allocatiofi Nevertheless, discussing the
implication for public policy, Stavins points outat even with transaction costs, a trading system i
likely to be less costly than mandating a technicllgstandard.

Crals and Vereek (2005), compare the transactisiscof tradable permit systems with those
associated with environmental taxes. Their analygafounds the ‘conventional wisdom’ that

environmental taxation is necessarily less compitand entails lower transaction costs (especially
set-up and negotiation costs) than a cap-and-aade trsystem. Polinsky and Shavell (1981)
theoretically show that pollution taxes, like trata permits, may result in different kinds of

administrative costs, and, hence may affect thengptax level.

Betz (2005) addresses the differences betweentjolltrading and project based mechanisms (Joint
Implementation (JI) and Clean Development Mechani@B3SM) allowed by the Kyoto Protocol) in
terms of their transaction costs. She notes thataseline and credit schefeansaction costs only
occur if credits are generated, while in tradaldepts programmes some of the firm’s costs (e.g. se
up costs and MRV costs) exist even without engagingny trade. She concludes that baseline and
credit schemes might lead to higher one-off adraiive costs in setting up the project, but widvi
less ongoing costs when rules and standardizedeguoes become established. Woerdman (2001)
similarly concludes that that transaction costsJoand CDM project will not necessarily be higher
than those for pollution trading. This conclusienbased on the argument that transaction costs for
CDM, JI and IET depend considerably on the markdésign, and the political elaboration of the
relevant documentation.

The ex-anteliterature on tradable schemes usually neglectsammpletely anticipates the presence of
transaction costs (Ellerman et al., 2005, Tietego2006). One of the early simulation studies (Gapr
and Mantzos, 2000) on cost savings of the EU-widesgion trading assumes positive administrative
costs, while the allowance market is consideredpadect without any transaction costs. Later
simulation studies (Klepper and Peterson, 2005¢rBah, 2006, Alexeeva-Talebi and Anger, 2007)
only take into account the transaction costs aatatiwith the project based mechanism (CDM and Jl),
suggesting that the transaction costs for the ES &TE negligible.

Were transaction costs present in previous tradysiems? We look at some empirical evidence of
transaction costs in the earlier permit tradinggpaonmes.

The Fox River scheme in Wisconsin, under whichtadgle discharge water pollutants into the Fox
River could be traded, is a well cited example olflytion trading failure due to the high transantio
costs. Only one trade took place at the initiayssaof this scheme. Hahn and Hester (1989) explain
that the main reasons of this no-trade situatiorewlee prohibition on trading within a firm, tradin
barriers from the regulator's side, the limitedelibf the rights, and the high administrative
requirements.

The lead permit trading programme aimed at redutireg amount of lead added to gasoline and
experienced high trading levels. The minimal adstmative requirements from the regulatory side, the
well-established markets, the possibility to castdmtra and inter firm trades, the homogeneity of
participants, the previous trading experience ofstnpmarticipants, and the ease in finding trading
partners were the major factors explaining its eesqHahn and Hester, 1989, Gangadharan, 2000).
Despite the success of this programme, Kerr anceNIE®98) in their empirical investigation find that
transaction costs in this programme were signifidan first-trade transactioAswhich account for

% cason and Gangadharan (2003) confirm this theatdtimling in an experimental setting.
* In baseline and credit scheme only emissions tamhsccompared to baseline or target are tradable.
® These costs are defined as the costs of makingrade rather than not trading.



around 10-20 percent of loss in cost effectiven€bese losses were highest for refineries in fiwita
few refineries and for refineries in small firms.

In stark contrast to the lead trading programme, RECLAIM, initiated to reduce smog creating
pollutant in Los Angeles, encompassed firms witffedent industrial structure participating in
different input and output markets. Gangadhara®@2@mpirically measures whether the presence of
transaction costs affected trading probabilitieghimi RECLAIM. Her study concludes that, without
transaction costs, the probability of trading wouldrease by 32 percent in 1995 and by 12 percent i
1996 suggesting that these costs are more signifinathe early stages of the programme, and then
decrease as the market matures and participamtsHew to trade (Cason and Gangadharan, 2003).

The US market for trading S@missions is considered the most successful lBrgle trading scheme.
Transaction costs were mentioned as one of theopd#tons that could explain the low trading
activity and the low allowance price (relative tbatex antework had expected) in the initial phase of
this programme (Burtraw, 1996). However, Conrad dtmhn (1996, p. 1051) conclude that
“transaction costs and regulatory uncertainty haeesignificantly affected the price of allowances”
The brokerage fees — a proxy for trading transadtimsts — were estimated to be less than 2 peotent
the prevailing spot price (Joskow et al., 1998)e Tow transaction costs of allowance trading are
explained by the anonymity of market participatig, existence of active brokers, and no restristion
from the government on when and how to trade tlsegasd rights (Ellerman et al., 2005, Joskow et
al., 1998, Solomon, 1999). Firms’ homogeneity (oelgctricity generating units), and the number of
participants might be other ingredients explairtimg programme’s success.

The UK ETS was the world's first economy-wide giremrse gas emissions trading scheme. The
scheme’s participants noted that monitoring, repgrand verification (MRV) procedures were the

most time consuming requirements of the schemdeviinokers had a minimum floor for the volume

of a trade, some charging a minimum arrangementwieieh could make the transaction costs

associated with small trades prohibitive (ENVIRQB806).

3. Taxonomy of transaction costs in the EU ETS

We define transaction costs for firms under the EELS as the sum @dministrative costandtrading
costs More explicitly, by ‘transactions costs’ we mehose costs the firms incurred in preparing for,
and setting up systems to comply with the regutaticequired by their participation in the EU ETS,
and by engaging with the market. The experiencprefious emissions trading schemes shows that
impediments from regulatory side help to explaistions in pollution trading markets. Betz (2005)
points out that that while trading (market) trangaccosts are shifted from seller to other agdikes
brokers in the economy, administrative costs al@sa to society, since they are real resource $osse
that do not affect traded volumes.

For our purposes, transaction costs can be grougedthree categories: (Barly implementation
costs i.e. costs that were incurred before 1 Januafb2@®) monitoring, reporting, and verification
(MRV) costsi.e. costs that were experienced annually; apdré8ling costs The first two categories
are relevant for all firms in the scheme, wherdges third category is only incurred by firms that
participated in the marke€arly implementationcosts are almost allfixed costs MRV costsare
periodic costsso thevariable costswould betrading cost8

Early implementation cosi@re costs incurred by firms before the officiarsof the scheme. During
this time, the familiarisation with the rules andgidglines of the scheme had to be achieved, baselin
emissions had to be calculated, an operator holiegunts for each installation had to be estaduish

® Alternative to this classification, Betz (2005)vidies transaction costs as one-time costs (earpteimentation) and
ongoing costs (MRV costs and trading costs).
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and any necessary capital equipment had to be gsrdh These costs can be considereshagime
fixed set-up costand divided into three categories:ii)ernal costsincurred by the firms in terms of
additional management and staff time and trainifiy; consultancycosts incurred in terms of
consultancy services taken on; and @@pital costs meaning the additional monitoring, recording,
and data storage equipment needed to comply.

Costsrelated toMRV activities were incurred annually since MRV progex$ are mandatory on an
annual basis for all installations in the EU ET$tiie end of the year each company had to prepare a
annual emissions report which must then be verifiée EU ETS requires all annual emissions reports
and monitoring to be verified by an independentedited verifier. We assume that MRV costs are a
combination ofinternal companycosts mainly management and staff time, a@hsultancy costs
where a firm buys in the necessary capacity to RVMcompliant (e.g. charges for external
consultancy services and for accredited verifiers).

Trading costswere incurred only by those firms that chose tdér on the market. These costs
depended on: the number of transactions conduttiedsolume of allowances traded; and any search
or other fee costs incurred (the costs of the alues themselves are not included). Any instalatio
could trade with any other installations within tte@me business groummternal tradg, or with other
installations outside the business group and fisintstitutions éxternal tradég. Likewise, companies
could trade either directly or indirectly, i.e. \aghird-party.

4. Research Methods

Our survey of Irish firms consisted of two stagd9:a mail survey and (2) face-to-face interviews.
Stage 1, a questionnaire was sent to all 72 fi@$ {nstallations) that were covered in the filsage

of the EU ETS. According to the Ireland’s national allocatiorapl(NAP) 2005-2007 (EPA, 2005),
Ireland’s Environmental Protection Agency (EPA)oalted these installations with 66.96 million
tonnes of allowances (see Annex 2). These alloveanege distributed to the following sectors: brick
and ceramics (0.2%), cement and lime (18.1%), d@&4%6), paper (0.1%), refining (1.9%) and energy
activities (power generation (66.3%) and other costibn (13.4%)). Over 92 percent of allowances
were allocated to the 21 larger installations. @omently, the share of allocations received by the
remaining installations is very small.

Twenty seven firnfscompleted and returned the questionnaire overigint eveek period (Duly,
2008-1 September 2008), with an understandingttigatesponses of individual firms would not be
identifiable in the research results (see Annear&afsummary of firms contacted). These twenty seve
respondents represented around 40 percent ofsddIflrms in the EU ETS, and 70 percent of theltota
Irish allowance allocation, during 2005-2007. Aatiog to the level of the respondents’ verified
emissions, they were grouped into three categolaege (with an allocation share larger than 2% of
the Irish total allocation), medium (0.1% - 2%) asmall (up to 0.1%) (see Figure 1). In Stage 2,
representative responses were identified, by seatmr scale, and face-to-face interviews were
conducted (see Annex 4 for the interview profiles).

" A questionnaire was sent to all companies that dagfeenhouse gas permit before 31/03/2004, i@. planned
developments were included as their timing of thegliance was the same as for existing installatiGior each company,
the form was sent to an account holder of the gevitlicontact details are provided in the databakthe CITL. Four out
of the 72 companies contacted had closed down ambtparticipate in the second phase of the EU. EliBvever, since
they had to fully comply with the EU ETS procedudesing 2005-2007, we contacted them as well.

& Two firms-respondents, each with multiple instiédias, provided incomplete answers. One firm regmbeinswers only for
one of the installations, while the other providesponses for 2 out of 3 installations.
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Figure 1 Distribution of verified emissions acrosgompanies in the EU ETS, 2005-2007

Before presenting the results, it is important talerstand to what degree these results based on the
Irish case study can be generalised and used fovidqing some insights for further policy
implementation in the context of transaction codf&terogeneous participants and institutions,
differences in scale, and variation in monitorimgporting and verification requirements across
member states are the main reasons suggestinthéhihdings below may not hold for each member
state. One could expect some divergence betweepattieipants in the new member states and those
in the EU15. However, Trotignon and Ellerman (2008 little difference between these participants
in their analysis of the monetisation of allowarstepluses in the EU ETS during 2005-2007. As the
compliance framework for the EU ETS procedures thassame for all participants and each member
state had a similar composition of participantserms of allocation siZewe are confident that the
sources of the transaction costs and their digtabuif not their magnitudes, would be comparable
across member states.

5. Findings

5.1 Early implementation costs

Twenty five of the respondents (92.6%) experiensaahe internal costs consisting of time and staff
commitment. Twelve firms (44.4%) incurred consudtinosts and seven (25.9%) incurred capital
equipment costs. Only five firms responded thay theperienced all three kinds of costs, while only
two firms answered that they incurred none of theests in implementing the EU ETS rules.

Internal costs

To measure the opportunity costs of time, the fimase asked to report the number of staff members
involved and their time spent for the early implenagion activities. The firms had two choices: {d)
partially or fully reallocate the existing stafbfn their regular duties (implicit costs); or/and {@ hire

° See e.g. EEA (2008) for a classification of inatins by their magnitude of emissions across merstates. It has been
intensively debated whether the EU ETS covers t@mymsmall installations with rather low emissionfene the
administrative costs substantially exceed the atdggas of trading (CEC 2008).



additional staff (explicit costs). In most of thars (23 respondents) only internal staff was imedl in

the early implementation process (in most of theesaonly one person), and only in two companies
both existing and newly hired staff were working thie launch of the EU ETS. In the firms with
multiple installations, more than one staff memlvere committed to implementing the EU E¥.S

In terms of the total time required to engage with scheme, the firms were asked to provide an
estimate of the time commitment for implementing 88U ETS. Three respondents (12.5% of 24
respondents) estimated that the time required wss than one year, but more than nine months.
Another five (20.8%) estimated that it took betwdkree and six months. Seven (29.2%) estimated
that it required from one to three months; whileeni(37.5%) estimated that it only required one
working month of effort, or less. It is worth nagirhere that companies with larger volumes of
allowances spent more time on the early implememgbrocedures, than companies with smaller
shares of the total allocation.

Consultancy costs

Twelve respondents incurred some consulting castgrfplementing the EU ETS. The costs for such
services vary from €3,000 to €50,000 per firm (60D,on average). Again, the companies with higher
allocations tended to incur higher consultancy <tisan the companies with smaller allocations. This
was quite surprising as we would have expected @o%te outcome, i.e. that firms with lower
allocation would have lower in-house capacity amehce, would be willing to engage with external
consultant.

Capital costs

About one third of respondents incurred some cheitsts. These costs vary from €5,000 to €880,000
and, again, reflect the size of the respondentsrims of allocation. Most often meters had beerghbu

for quantification of fuel usage. One firm reportihat necessary changes were implemented not only
on the tangible capital side, but also on the igitale capital side as necessary updates were made o
the information technologies for collating and repm CO; emissions data.

Summary of early implementation costs

The respondents ranked their early implementatativiges according to the costs they experienced.
The measurement of their baseline emissions amditepabout the functioning of the EU ETS were
judged by most as the two most costly early implatiatgon procedures, while applying for allowances
and delivering a monitoring and reporting plan wisieleast costly.

Figure 2 and Figure 3 below summarise the earlyempntation costs faced by respondents expressed
as Euros per firm, and per tonne of verified emissiover the three years of the trial pettod

% This was especially true if management of the shis centralized not at the firm level, but atitstallation level.

™ For the derivation of the total early implementaticosts see Annex 5 and Annex 6. Alternativelgséhcosts could be
expressed per tonne of g@missions reduced. However, as early implemematists, as well as the MRV costs, are seen
as a fixed costs component not depending on thenexif the abatement, it is more reasonable towdesther these
“inevitable” costs differ across different firmsterms of the size of their allocation.
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Figure 2 Early implementation costs per respondent Figure 3 Early implementation costs per tonne of CQ
across different respondents’ categories emissions emitted across different respondents’
categories

Figure 2 shows that the total early implementatosts tended to be higher for large firms than for
medium and small firms. On average, large firmgdiacosts that were 10 times or 30 times higher than
those faced by medium and small firms respectivdtywever, this pattern is reversed when costs are
expressed per tonne of @@missions emitted (see Figure 3): costs per tarfhemissions are
significantly higher for small firms. For instandége early implementation costs were €0.034©0
average for large firms, while they were 17 timeghhbr (€0.51/tCQ) on average for small firms.

These results are not unexpected, and are cortsigitnother research studies (Schleich and Betz,
2004, Betz, 2005) and with concerns expressed byBfhropean Commission about the unequal
distribution of administrative costs across EU EBERicipants of different sizes (CEC, 2008).

There is also a difference among firms by sizénendomposition of the early implementation costs. A
described in Figure 4, capital costs were the megonponent of the total early implementation costs
for large firms, while internal costs among smaltlanedium firms were larger than their capital and

consultancy costs combined.
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Figure 4 Composition of total early implementationcosts across different respondents’ categories



The high capital costs among large firms may bdagx@d by the fact that large firms often have
multiple and complex points of emission, which ntagve required the installation of expensive
monitoring equipment. Large installations were aabject to more stringent monitoring and reporting
requirements than small installations, which mayehaequired the deployment of costly new
technology. Small and medium firms, on the othemd) have fewer, less complex emissions points,
and may have been able to track emissions frone thesits using low-cost fuel meters. The relativel
low consultancy costs faced by firms in all sizéegaries may imply that sufficient consultation
support was acquired at no cost from the governahebbdies responsible for the scheme’s
implementatioff or that there was no need to engage with exteowsultants. However, the former
reason is unlikely, as most firms reported thatrieey about how the EU ETS worked was the most
costly process.

5.2 Monitoring, Reporting and Verification (MRV) costs

As monitoring, reporting and verification procedungere mandatory for all operators in the EU ETS,
all respondents incurred some MRV costs in the fiesiod of the EU ETS. MRV costs consist of the
internal (staff) costs and the consulting costg. (eerification and consulting costs), and are galhe
assumed to accrue annually, as MRV procedures eoen@ulsory on an annual basis.

Internal costs

In twenty four firms, only internal staff memberems involved in the MRV procedures (in most cases
only one person), while in the remaining three firboth existing and newly hired staff was involved
in these procedures.

The annual time commitment for the MRV procedugerat significantly different from the total time
commitment for the early implementation procedu@sly one respondent estimated that the time
required was less than one year, but more thanwaorking months. Another three estimated that it
took between three and nine months. Four estimhtgdit required from one to three months, while
the remaining fifteen estimated that it only reqdione working month of effort or less. Companies
with higher share of allocation spent more timdl@aMRYV procedures, than companies with a smaller
volume of allocation.

Consultancy costs

Over three-quarters of respondents incurred somsutiing costs for their MRV procedures, with such
costs per annum varying from €1,000 to €100,00@Q,&10 on average). Firms with higher allocations
and multiple installations tend to incur higher soltancy costs than companies with smaller
allocations. It should be noted here that the d&fimof consultancy costs encompass verificatiosts
too, which were incurred annually on a mandatosishy all operatofs,

Summary of MRV costs

What was the most costly part of the MRV procediarecompanies? As evident in Figure 5, large
firms with multiple emission points spent relatiy@ehore on monitoring. While firms were required to
report their emissions only on an annual basigjelaand medium firms appear to monitor their
emissions more frequently, on a weekly or montladgis. This may explain why the share of costs for
monitoring is higher for large and medium firmskéuwise it reveals that participation in the scheme

12If transaction costs were addressed across alitagdfected by the scheme (e.g. governmentaltitisins in each
member states), this phenomenon would be considased reallocation of transaction costs from pevat public
organizations. In principle, this burden shiftisgwelcome if regulators are more efficient tharvae entities in acquiring
and providing information.

13 As seven respondents did not provide any informmatin consultancy costs, for further calculatians,assume that these
costs for these respondents were of €3,000 pemalftine modal value of the received answers).
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influenced most of the firms’ day-to-day operatiosiace during the interviews most of the firmsaubt
that they had not monitored their emissions betioedaunch of the EU ETS.
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Figure 5 The breakdown of the total MRV costs acrasdifferent respondents’ categories

To understand the magnitude, the distribution dedcomposition of the MRV costs across the firms
of different sizes, the internal and the consulyarasts were calculated per firm and per tonne©$ C
emitted in the trial phase of the EU EfSThese costs are presented in Figure 6 and Figure
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Figure 6 Three-year MRV costs per respondent across Figure 7 Three-year MRV costs per tonne of CQ
different respondents’ categories emissions emitted across different respondents’
categories

As in the case of the early implementation costs,3-year MRV costs were significantly higher for
large firms than for medium and small ones. Whestare expressed per tonne of,@&missions
emitted, this pattern reverses: the 3-year MRV <q@&tr tonne of COwere significantly higher for
small firms than for large and medium ones. Fotaimse, as shown in Figure 7, MRV costs were
€0.02/ tCQ for large firms and more than 75 times this |g€dl.51/ tCQ) for small firms.

4 For the derivation of the total MRV costs see AnBend Annex 6.
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The composition of the MRV costs differs from tleditthe early implementation costs (see Figure 8).
The share of consultancy costs in the total MRM<@smuch larger than in the early implementation
costs. For large companies, the shares of inteandl consultancy costs were approximately equal,
while internal costs dominated consultancy costeedium and small firms.

100%

75%

50%

25%

0%

All Large M edium Small

M Internal costs O Consultancy costs

Figure 8 Composition of MRV costs across differentespondents’ categories

Several insights may be drawn from these obsematiBirst, the small share of consultancy costs in
total MRV costs for small firms may imply that tlee§irms incurred consultancy costs only for
verification purposes. Small firms may have hatlelifinancial capacity to hire consultants for athe
purposes, or they may have been concerned onlyt @ooopliance. The larger share of consultancy
costs among large firms might suggest that thesgaaies were concerned not only about compliance
but also how to reduce compliance costs. For iestaone large company noted during an interview
that the same external consultant helped not enpetform the necessary MRV procedures, but also to
identify potential abatement opportunities.

5.3 Trading costs

In contrast to early implementation costs or MR\étsptrading costs are variable, as they depend on
the volume of allowances tradédAs pointed out by Stavins (1995), this form @frsaction costs can
influence firms’ trading decisions, and create ficefncies.

There were some early concerns about the liqudithe European allowance market. According to a
recent survey’s results, a lack of understandingae¥ to trade and the fact that participants watigl
position did not free-up their allowances in therkea were indicated by EU ETS participants as the
most important reasons preventing the allowancekehdrom further improving liquidity (European
Commission DG Environment et al., 2006). In additithere were some concerns that brokers fees
might have proven overly burdensome for participamith small allocations and no in-house trading
capacity, given minimum thresholds on trade vol@envery and Redmond, 2007).

Out of twenty seven respondents to the Irish syre@ven firms traded some allowances in the first
period of the EU ETS: six sold allowances, and fiwgchased them. Interestingly, three of the five
who bought European Union Allowances (EUA)’s hdldwaances in excess of their verified emissions

5 This dependency might not be perfect, as tradiagsaction costs might have a fixed component dis @ instance,
brokerage commissions might consist of a fee padetr(fixed component) and a fee depending on amlof trade
(variable component).
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at the end of the first period. The remainingesext respondents neither sold nor bought allowances.
Seven of these firms held significant surplusesliofvances at the end of the trading period.

These observations raise at least two interestugstipns. The first question is why the non-trading
firms did not try to sell their surpluses. The setds why the firms that traded some allowanceg kep
surplus allowances in the end. Answering these touessmight help understanding whether trading
transaction costs were one of the reasons thalléclged’ this behaviour.

The sixteen firms that did not trade were asked wWiey chose not to participate in the market.
Fourteen of them responded (7 of which had allowangepluses), that they had been able to meet their
CO; obligations without engaging in trading. None loé respondents reported that Gbatement was
cheaper than buying allowances or that tradingteagxpensive. In addition, none of the respondents
mentioned transaction costs as a factor discougagaaling.

Non-trading firms also had an opportunity to pr@vfdrther comments about their non-participation in
trade. These comments underline their uncertairitguia the first period allocation, and their
recognition of the first period allowance pricelapke. One firm noted that it maintained an allovean
surplus because it was not sure about the extogadibn it would receive from the new entrants’
reserve for an expansion of capacity. Other respatsdcommented that the allowance price was too
low at the end of the period when the surplus wadeat to bother with trading. Interestingly, some
respondents noted that they had considered tramgfeallowances to affiliated installations outside
Ireland that were under common ownership, but tidynot do so because the outside operators also
had allowance surpluses.

The eleven respondents that did engage in tradirspld and 5 bought) were asked who their trading
partners had been. Four firms responded thathhdytraded only with other Irish installations desi
their own business group, and a one firm tradeth wamestic and foreign installations in the same
business group. Another respondent that was ovepkant traded both with installations inside its
business group and via financial institutions. Tother five (including two over-compliant
respondents) traded with financial institutions,imhacommercial banks. Some of the firms that
performed allowance trades within their domestisihess group regarded this action as a transfer, no
as a trade, which might imply that these transd@sot incur any transaction costs.

Seven respondents were involved in direct bilatératle with counterparty and the other four
participated in indirect trade through an internaegli Respondents were asked what were the main
reasons driving their choice to engage in direéndirect tradind®.

The causes of direct trading were mixed. Two redpats noted that trading volumes had been too
small to trade via a third party, while anotherambthat not only had trading volume been too small,
but also it had been cheaper to engage in dir¢loerahan indirect trade. Another respondent noted
that it traded directly because it wanted to |daow to trade. Another company noted that there had
been no need for it to engage a third party initigdas it owned a single installation with a small
allocation and direct trading was not a complexcpss. This over-compliant respondent noted that its
strategy had been to comply with EU ETS targetsaonon-going basis; it had not considered
allowances to be financial instruments regardlésssoirplus position.

Three companies chose indirect trading because liadyno in-house trading capacity and because
indirect trading was a quicker process than ditracting. One over-compliant respondent in the powe

18 From the transaction cost perspective, indiredifrg is perceived as entailing trading transaatiosts. Because of this,
brokerage fees are treated as a best proxy ohtgadhnsaction costs as one only engages in indi@icect) trading if his
or her transaction costs of direct trading are éigfower) than brokerage fee.
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sector added that indirect trading was chosen @®wided a transparent process for cost passghrou
into marginal production cost. In addition, he atitleat low brokerage fees, which declined alondnwit
the allowance price during the first trading periodade indirect trading an attractive option.
According to an earlier survey by Convery and Reath(2007) brokerage fees per tonne of,CO
traded declined from €0.10 in January 2005 to@thAugust 2006.

Based on this analysis regarding traders and ramtets, we conclude that the transaction costs
associated with trading were not determining imér decisions whether to trade or not. The deugisio
to use allowances for compliance only, and the &lwance prices at the end of the first trading
period seem to be the primary reasons why firmsndidsell their surplus allowances during the pilot
phase. These findings are consistent with thos€rafignon and Ellerman (2008) who analyse the
compliance behaviour of direct participants of Eié¢ ETS, who conclude that there was an asymmetry
in behaviour in that those who were short werevaadt the market, while those who were long were
much less so.

6. Conclusions and policy implications

This study reveals the importance of a comprehenapproach to assessing transaction costs. The
assessment of all sources of transaction costpecally important in the early stages of anyytah
trading programme. As a portion of transaction £dstinevitably of administrative nature which
depends on the scheme’s design, the total transaobists assessment should be made well before any
corrections on the scheme design are implementedertheless, this does not suggest that this
comprehensive approach should be abandoned inotirsec of the programme. Tietenberg (2006, p.
205) argues that “since evolution is so commonefoissions trading, a strong case can also be made
for thinking of mid-course correction as routine”.

The fact that the EU ETS comprises heterogeneotscipants in terms of core business, initial

emission permit allocation size, in-house tradimgl &echnical capabilities, etc. raises the question
whether companies with small and single instalftidhave the same capability as big multiple
installation companies to deal with the scheme irements. The concern that transaction costs
(especially administrative ones) might be exces$oresmaller installations has been raised by the
European Commission too (e.g. see CEC (2008)).eTbescerns are supported by the findings of our
study.

Figure 9 and Figure 10 below summarize the burdeamaasaction costs borne by firms with small,
medium and large emissions allowance in the pit@tsp. The cost distribution reveals that while in
absolute terms transaction costs were highestafgelfirms, the transaction costs per tonne of CO
emitted were much higher for the smallest operatédditionally, the composition of transaction ts
shows that while early implementation costs wergensignificant for large respondents, on-going
MRV costs were more considerable for medium andldimas.
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EUR, thousan EUR, per tonne of CO2 emissio
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Figure 9 Total transaction costs per respondent aoss Figure 10 Total transaction costs per tonne of C®
different respondents’ categories emissions emitted across different respondents’
categories

Early implementation costs are fixed costs (or scwodts) that were incurred only once before trading
started. If these costs were distributed across lifeespan of the programme, they would be
significantly lower than other transaction costsnponents for most of the scheme’s participants
(however, it remains true that the initial costs anlikely to be negligible). Hereafter, we referthe
costs incurred before the start of the tradingqueas ‘fixed costs’, and MRV and trading costs as
‘transactions costs’. Over time, the MRV compongfitransactions costs should diminish as a regult o
learning-by-doing and increased competition amoerifiers. For instance, one quarter of respondents
in the Irish survey claimed that their overall saation costs decreased over the three years &Uhe
ETS pilot phase. In the future, when the tradingk®tamatures, a special attention should be gigen t
understanding the trading transaction costs, tieiire and distribution across different partictgan

Although these transaction costs are extra costs dhe incurred as a result of implementing the
programme, they are more appropriately seen asdbes of implementing a program of limiting
emissions to the cap level.

The results, expressed as average costs per tér@@,cemitted, were as follows: the costs of price
discovery and trading were negligible - there isenmence that they inhibited the efficiency of kedr
operation; the average costs per tonne of €Qitted for all firms for set up and MRV amounted
€0.08, which is less than one per cent of the atiralowance price of €11.60 on January 23, 2009
(see: http://www.pointcarbon.com/news/1.104275@y. the largest firms — accounting for over half
the emissions - these costs are still lower, amogrnb just €0.05 per tonne. However, for the small
firms, while they contribute a very small shareenfissions, their costs per tonne — at €2.02 - atrfoun
over 18 per cent of current allowance price. Wectate that the costs overall are so low that they a
unlikely to impose a drag on firm or overall perfance, but that for small firms, who typically
already face major challenges in meeting othertiopats, this may not be the case.

The immediate policy implications are that attemtto the transaction cost implications of threskold
and scale are important considerations in the desigl implementation of trading schemes.

The easiest way to reduce transaction costs fofl parators would be to exempt them from the
scheme. This ‘opt-out’ possibility of small openatovas considered at the EC level too. Howeves, thi
goes against the ‘polluter pays’ principle whichhie core of the EU ETS. The European Commission
notes that “an exclusion of small emitters from B¢ ETS on the grounds of cost-effectiveness cannot
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mean, however, that these installations do not neecbntribute to the overall emission reduction
targets of the EU. It would just mean there woudetah to be other more cost-effective measures to

ensure the same objective” (CEC, 2008, p. 24).

The harmonisation and an increase of efficiencthefMRV activities, and an increase in competition

of verification services are other ways to guararttee reduction and the equalisation of transaction
costs in the EU ETS across 27 EU member stategsapdrticipants. No doubts, alongside the reforms
on bureaucratic side, the learning will be a keyaahieving the successful reduction in these costs.
This leaning might be considerably facilitated tigh information provision and training process.

As regards the taxes vs. trading debate, sincg t@x2s would also require the same level of MRV
costs, and some set up costs, our evidence doesippobrt the proposition that carbon taxation would
be better than emissions trading from the perspeat transactions costs, although we recognise tha

there are also other considerations involved.
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Annex 1 A copy of transaction costs’ survey

GENERAL DETAILS

Details of the person who led the completion ofdghestionnaire:
PLEASE COMPELTE ACROSS

Name

Position

Telephone number

Fax number

E-mail address

Firm name
Number of employees

Local/regional

In which geographic markets did your firm sell geaxt services National

during 2005-20077ICK ALL THAT APPLY. Other European Union countries
All other countries

Is your firm a part of a group with multiple indtlons involved in | Yes

the EU ETS? No

Unless otherwise stated please answer each questiynmarking X in the appropriate box(es).

TRANSACTION COSTS OF THE EU ETS

Transaction costs are the costs your firm incurredn preparing for, setting up systems to implement B ETS, and
then participating in the market during 2005-2007 .Transaction costs can be grouped into three categes:

1) early implementation costs;

2) monitoring, reporting, and verification (MRV) costs; and,

3) trading costs.
The first two categories of costs were relevant faall installations in the EU ETS. The third categoy of costs was
significant only for installations that participated in the market and traded European Union CQ emissions
allowances (EUA) during the first phase of the EU ES. It should be noted that the costs of the EUA #mselves are
not included in any of the above categories.

‘EUA’ is the European Union C{emissions allowance.

An allowance, according to the Directive 2003/87/f@he European Parliament and of the CouncilOttober 2003,
“...means an allowance to emit omenne of Carbon Dioxide Equivalesitiring a specified period, which shall be valid
only for the purposes of meeting the requiremehthis Directive and shall be transferable in ademrce with the
provisions of this Directive.”

Installation, according to the Directive 2003/87/&Che European Parliament and of the CouncilOttober 2003,
“...means a stationary technical unit where one oremaativities listed in Annex | are carried out ar other directly
associated activities which have a technical caimreevith the activities carried out on that sitedavhich could have an
effect on emissions and pollution.”
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SECTION A Early implementation costs

The early implementation costs are the costs incued by firms in the EU ETS before the official startof the scheme.
These costs should have been incurred prior to Jaany 1, 2005 but some firms may have realized thesests during
the early stages of the first phase for a varietyfaeasons. Please consider your early implementatiacosts according
to their nature, instead of timing.

During this time, familiarisation with scheme rulesand guidelines was achieved, baseline emissions&vealculated,
monitoring equipment was installed, and an operatoholding account for each installation was establiged. All these
costs can be considered ame-time fixed set-up costs and divided into four categories:

- internal costs incurred by your firm in terms of additional management and staff time and training;

- external costs incurred in terms of consultancy services tan on;

- capital costs, meaning emissions measurement, monitoringgaording, and data storage equipment needed to

comply;

- other costs not included in the above.

Al Did your firm incur any internaosts for the early implementation procedures effby ETS?

Yes CONTINUE
No GO TO A4

A2 Who performed the early implementation procedwf the EU ETS in your firm?

Number of people Percentage of time spent
Existing internal staff %
Newly hired staff %

A3 What is the estimate of overall full-time worgidays spent by your firm’s staff on the early ierpkentation procedures
of the EU ETSPLEASE WRITE IN NUMBER — RECORD NONE AS ‘00'.

A4 Did your firm incur any external costs for tbarly implementation procedures of the EU ETS?

Yes CONTINUE
No GO TO A6

A5 Please provide your firm’s estimated overatkexal costs on the early implementation procedaféise EU ETSn
000s of Eura

A6 Did your firm incur any capital costecessary to perform monitoring and reporting #@s?

Yes CONTINUE
No GO TO A9
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A7 What necessary equipment or technology did fioor purchase to perform monitoring and reportaugjvities?Please
describe.

A8 Please provide thestimated overall acquisition costs of equipmerieohnology necessary to perform monitoring and
reporting activitiesn 000s of Euro.

A9 What part of the early implementation proceduess the most costly for your firniPlease rank the following
procedures with 1 being least costly and 4 most dbs

Measurement of baseline emissions

Bringing Monitoring and Reporting plan to the rewguai standard
Learning about the functioning of the EU ETS

Application procedures for allowances (other thaasurement of baseline
emissions)

Other (please specify)

SECTION B Monitoring, reporting and verification (MRV) costs

MRV costs were incurred by all installations in theEU ETS. We assume that these costs are a combiioat of
internal firm costs, mainly management and staff time, anéxternal consultancy services, where your firm buys the
necessary capacity to be MRV compliant. Please, mothat the MRV costs danot include fixed capital costs. The
fixed costs related to the MRV procedures are accatted for as early implementation costs for the purpses of this
survey.

All questions refer to the decisions or actions tadn during 2005-2007.

B1 Did your firm incur any internalosts for the MRV procedures of the EU ETS?

Yes CONTINUE
No GO TO B4

B2 Who performed the MRV procedures of the EU BT $our firm?

Number of people Percentage of time spent
Existing internal staff %
Newly hired staff %
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B3 What is the estimate of the overall full-timenking days spent (an annual average during 2005320y your firm’s
staff on the MRV procedures of the EU ETSZEASE WRITE IN NUMBER — RECORD NONE AS ‘00'.

B4 Did your firm incur any external costs for the MRYbcedures of the EU ETS?

Yes CONTINUE
No GO TO B6

B5 Please provide your firm’s estimated overateexal costgan annual average during 2005-2007) on the MRV
proceduresn 000s of Eura

B6 Please provide a breakdown of your firm’s toti&tV costs.

Monitoring %
Reporting 9
Verification %
Total MRV 100%

B7 How frequently did you monitor your firm’s G@missions?

Daily

Weekly

Monthly

Quarterly
Semi-annually
Annually

Ad hoc (please specify)

SECTION C Trading costs

Trading costs are incurred by firms covered by theEU ETS which traded EUAs during 2005-2007. Tradingosts are
those related to the search of trading partner, piie bargaining, enforcement of trade contract, andtber legalities.
The costs of the EUA themselves amot included.

All questions refer to the decisions or actions tadn during 2005-2007.

C1 Did your firm trade any EUAs?

Yes GO TOC3
No GO TO C2 ONLY

C2 What were the main reasons for not tradifigK ALL THAT APPLY.

Met the CQ obligation without buying EUA
Met the CQ obligation without selling EUA
CO, abatement was cheaper than buying EUA
Other (please specify)
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C3 How many EUAs did your firm buy/selPLEASE WRITE IN NUMBER — RECORD NONE AS ‘00'.

Bought

Sold

C4 Who did your firm trade withPICK ALL THAT APPLY.

Domestic installations inside your business group

Foreign installations inside your business group

Domestic installations outside your business group

Foreign installations outside your business group

With financial institutions (e.g. brokers, exchagpéplease specify)

C5 How did your firm trade?

Directly, without a third party CONTINUE
Indirectly, via a third party GO TO C10

C6 What were the main reasons for trading dir@ctNCK ALL THAT APPLY.

It was cheaper than trading via a third party
Wanted to learn how to trade

Trade volume was too small to trade via a thirdypar
Other (please specify)

C7 How often did your firm trade?

Daily

Weekly

Monthly

Quarterly
Semi-annually

Annually

Ad hoc ( please specify)

C8 Did your firm trade with the same partner mitian once?

Yes
No

C9 How long did a buy/sell transaction take to ptete?

Buy transaction Sell transaction

Less than one week

One week or more, but less than one month

Other (please specify)
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C10 What were the main reasons for trading viird party?TICK ALL THAT APPLY.

It was cheaper than trading directly

It was quicker than trading directly

There was no in-house capacity to trade directly
Other (please specify)

C11 What intermediary services did your firm uséecilitate the trade of EUASPICK ALL THAT APPLY.

Financial institution (such as banks)
Specialised carbon trading brokerages
Exchange

Other (please specify)

SECTION D Summary of transaction costs

D1 What aspect of EU ETS compliance was the masttycfor your firm?Please rank the following activities
with 1 being least costly and 5 most costly.

Early implementation
Monitoring

Reporting
Verification

Trading

D2 How did your firm’s total transaction costs ¢ept early implementation costs) evolve over 200672

They increased
They decreased
They remained the same

D3 Please provide below any additional commentielwvare important to understand the transactiotscos
experienced by your firm.
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Annex 2 Ireland’s Allocation (2005-2007)

Recipient Allowances Share of total allocation, %
Installations permitted before 31/03/2004 65 008 D9 97.1

allocation to existing installations 57 714 569 86.2

allocation to known planned developments 7 292 430 10.9

New entrant Set Aside 1 004 400 1.5
Auction 502 201 0.8
Combined heat and power Set Aside 446 400 0.7
TOTAL 66 960 000 100

Source: EPA and author’s calculations.
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Annex 3 Summary of companies contacted

Contacted companies| Contacted companies | Respondents
(closed companies (% of contacted
excluded) companies, closed plants
excluded)

Number of companies 4% 68 27 39.7
Number of installations 106 101 40 39.6
Initial allocation 2005-2007 57714569 56788736 39713822 69.9
Verified CO, emissions 2005-2067 64777597 64514997 45023963 69.8

Source: CITL and author’s calculations

7 Allocation to new developments is excluded.
18 Allocation to new developments is included.

26



Annex 4 Interview Profiles

I Il 1 v \Y IV

Position Environmenta) Strategy Environmental| Environmental| Environmental| Financial

manager division chemist engineer manager controller
No. of employees| ~800 ~2000 ~400 ~450 ~50 ~50
Sector Private Private Private Private Private aev
Multi installations | Yes Yes No No No No
Single No No Yes Yes Yes Yes
installations
Market Local/Foreign| Local Local/Foreigh  Local/Emn | Local Local

Source: Survey.
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Annex 5 Monetisation of the early implementation csts and the MRV costs

Total

Per tonne of CQ, verified

Early
implementation

1. Answers to the questions used:
-A3,
days;
-Ab, external costs in 000s of EUR;
-A8, capital costs in 000s of EUR.

2. Internal costs from total full-time day
converted in 000s of EUR assuming:

-8 hours of full-time working day;
-average hourly labour (wages and salar
rate of €37.8Y.

3. Total costs
-Internal costs, external costs and cap
costs expressed in 000s of EUR are ad
together

1. Total early implementation costs converted fr

internal costs in fulltime working 000s of EUR to EUR.

divided by total verified emissions for 2005-20
period emitted by the respondents permitted be
s31/03/2004, i.e. new planned developments
included.

es)

ital
ded

2. Total early implementation costs in EUR are

07
fore
are

MRV costs

1. Answers to the questions used:
-B3, internal costs in fulltime workin

days, annual average during 2005-2007;

-B5, external costs in 000s of EUR, ann
average during 2005-2007;

2. Internal costs from total full-time day
converted in 000s of EUR assuming:

-8 hours of full-time working day;

-average hourly labour (wages and salar
rate of €37.89 (see footnote 19)

3. Total costs:

-Internal costs and external costs expres
in 000s of EUR are multiplied by thre
and added together.

1. Total MRV costs converted from 000s of EUR
y EUR.

ud. Total MRV costs in EUR are divided by tof
verified emissions for 2005-2007 period emitted

the respondents permitted before 31/03/2004,
new planned developments are included.

es)

sed

—

(0]

al

by
i.e.

9 The average hourly labour (wages and salaries)a€37.89 (4 Q 2007) is applied to estimate heoramitted to set-up EU
ETS. The rate of €37.89 is an average hourly labate for managers, professional and associategsioihals working in
industry’s sectors (mining and quarrying, manufdoty electricity, gas and water supply). All wagesl salaries payments are
gross (i.e. before deduction of income tax and eygas’ PRSI contributions). The statistics are joled by the Central Statistics
Office Ireland. The reason for choosing the rate€87.89 is that most of the returned questionnaies answered by
representatives with managerial and engineeringipos within the companies.
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Annex 6 Early implementation cost

Verified CO2

No. of emissions, Consultancy

respondents | 2005-2007 Internal costs | costs Capital costs | Total costs
Total, EUR thousands
All 25 41903637 655.6 188.0 95310 1796)59
Large 4 4073424( 360.[7 1200 880.0 1360.65
Medium 7 822845 162.2 48)0 480 258,17
Small 14 346552 132.8 200 25.0 177)77
Per respondent, EUR thousands
All 25 41903637 26.2 7.5 381 71.86
Large 4 4073424( 90.p 30/0 220.0 340(16
Medium 7 822845 23.2 6.p 6/9 36.88
Small 14 346552 9.5 14 1/8 12.70
Per tonne of C@emissions verified, EUR
All 25 41903637 0.07 0.00 0.02 0.04
Large 4 4073424( 0.0 0.00 0.02 0,03
Medium 7 822845 0.20 0.06 0.06 0.81
Small 14 346552 0.38 0.06 0.07 0.1

Source: Survey.
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Annex 7 MRV costs

Verified CO, 3-year

No. of emissions, 3-year consultancy | 3-year total

respondents | 2005-2007 internal costs | costs costs
Total, EUR thousands
All 27 45023963 1207.6 795.2 2002.
Large 5 43835764 508.3 483.0 991,
Medium 7 822845 296.5 1650 461.
Small 15 365350 402.8 147)2 550.
Per respondent, EUR thousands
All 27 45023963 447 29.5 74.1
Large 5 43835764 101.7 966 198.
Medium 7 822845 42.4 23.6 65.4
Small 15 365350 26.9 9.8 36.6
Per tonne of CO2 emissions verified, EUR
All 27 45023963 0.03 0.02 0.0
Large 5 43835764 0.01L 0.01 0.
Medium 7 822845 0.36 0.20 0.5
Small 15 365350 1.10 0.40 1.5

Source: Survey.
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Annex 8 Total transaction costs

Early 3-year total
implementation | 3-year MRV | transaction
costs costs costs
Total, EUR thousands
All 1796.59 2002.78 3799.3)7
Large 1360.65 991.33 2351.99
Medium 258.17| 461.4% 719.62
Small 177.77 550.00 727.76
Per respondent, EUR thousands
All 71.86 74.18 146.04
Large 340.16 198.27 538.43
Medium 36.88 65.92 102.80
Small 12.70 36.67 49.3y7
Per tonne of CO2 emissions verified, EUR
All 0.04 0.04 0.08
Large 0.03 0.02 0.05
Medium 0.31 0.56 0.87
Small 0.51 151 2.02

Source: Survey.
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