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Abstract

Carbon markets are central to the global efforethuce greenhouse gas emissions.
This paper introduces a new carbon market modekihas to simulate the
development of the global carbon market over the h@-20 years. The model is
based on detailed regional and sectoral margiretkeatent cost data and takes an
“investor perspective”. That is, it takes into agecbmarket distortions like taxes and
accounts for imperfections in policy delivery. Watimate that implementing all the
carbon market proposals that are currently contateglwould result in global
emission reductions of 7 GtCO2 by 2020 — substiuig well short of the
mitigation effort required for a 450ppm @®pathway. The global carbon price
would vary from €30 per tC£n Europe to €15 per tCO2 on the internationadetff
market and in the new US emissions trading schemrerttly under discussion.
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The Carbon Market in 2020

Volumes, Prices and Gains from Trade

1. Introduction

Carbon trading has emerged as one the key polstsuiments in the fight against
climate change. Economists have long argued th&ihgua price on carbon is an
essential and effective way to curtail greenhowseamissionSIn theory, this can be
achieved either through a tax on carbon emissioascap-and-trade scheme, where a
restricted number of emission allowances is tramtededicated markets. The relative
merits of the two approaches is still debated @lilerature? but in practice policy
makers have overwhelmingly opted for cap-and-trdfieey are swayed by the
political economy advantages of carbon tradingwiich political support is much
easier to build (Hepburn 2006, 2007).

In 2008 the global carbon market was worth $12obil- twice as much as in 2007
and four times as much as in 2006 (Capoor and Asn2@09). Thanks to growing
trading volumes (which offset depressed pricesp3fidmises to be another record
year. The biggest market by far is the EU Emissitnasling Scheme (EU ETS),
which accounts for over 70% of activity. The Cléz@velopment Mechanism
(CDM), the world’s biggest baseline-and-credit ¢éfiset) market, accounts for
around 25%, most of it secondary market transasti8maller schemes like Joint
Implementation, international emissions (or AAlJding or the voluntary carbon
market and regional systems, for example, in Negldd and New South Wales,
contribute the rest.

These schemes could all be dwarfed by a new fet&alap and trade scheme that is
currently being debated by Congress and which gbseexpect could be up and
running within five years. Carbon trading is al®g deliberated in Australia, New

! See for example Fisher et al. (1996) for an eatlgwdation, and subsequently Stern (2006), among
others.

2 See Hoel and Karp (2001), Hepburn (2006) and Neamel Pizer (2003). The classic reference is
Weitzman (1974).

A prominent supporter of taxation is Nordhaus (2005



Zealand and - to a lesser extent — Canada, Japaviexico, among others.
Meanwhile, the negotiations on the internationmhate change regime post-2012
may well result in an extended scope for globaboartrading, for example through
an enhanced CDM and new trading instruments fastapased carbon or

international transport emissions.

This paper asks how the international carbon mariat develop over the next ten
years if these systems are put in place as cuyreotitemplated. The analysis is
based on a new carbon market model, which extemdisli@ws on previous work by
McKinsey (2009) on the cost of greenhouse gas atiig? The model uses
differences in marginal abatement costs betweentdes and sectors to calculate
potential trading volumes, gains from trade andettpailibrium price of carbon in

different market segments.

Using marginal abatement cost estimates to simaldierage opportunities is a fairly
common piece of analysis. Most regionally disaggted energy-economy models
and integrated assessment models function in #iat using either top-down

(production function-based) or bottom-up (enginegitiased) cost informatich.

An important feature of our model versus othert{palarly top down) energy models
is the granularity of the abatement data, whiamasleled by lever/technology, by
industry and by region. Detailed and consistent cdermation allows us to model
individual policy proposals at much higher resauatthan other models and isolate
the consequences of detailed policy choices, ssicoastraints on the use of forestry
offsets or regulatory policies to force renewallergy uptake (two prominent

features of the EU’s climate change and energyqpek

Further real-world flavor is added by incorporatpaicy distortions (such as most
taxes and subsidies), firm-level constraints (saghigh costs of capital) and limits to

the uptake of some abatement options (for exampea insufficient or poorly

* Other sources of “bottom up” marginal abatemest data include for example AIM (Kainuma et al.
2007), GAINS (Amann et al. 2009b), IMAGE (Bouwmaraé 2006) and POLES (European
Commission 1996, Russ et al. 2009). See also Araaah (2009a).

® See for example the results of the EMF-22 modelpayison (Clarke et al. 2009) and the IPCC
mitigation cost discussion (Barker et al. 2007 ay. & critical assessment of the use of MACs see
Morris et al. (2008).



executed policies). In other words, our analysiesaannvestor perspectiveather
than the social planning perspective typical ofreeoic models. We are less
interested in the theoretical economic potentiadaybon trading than in the actual
financial flows, trade volumes and carbon priced thay materialize in the real

world.

We start our discussion, in the next section, &itirief description of the carbon
market model on which the analysis is based. Se&ithen looks at likely carbon
market developments up to 2020, based on the ingsitation of the policy proposals
on the table in summer 2009. These proposals illre $lux and bound to evolve.
Section 4 therefore highlights the sensitivity ainket developments to some
pertinent policy choices, in particular the ovelallel of ambition and the degree of
trading flexibility over space (through linking) d@time (through banking /

borrowing). Section 5 concludes.

2. Modeling the carbon market

Trade in carbon emissions is driven by differennesbatement costs. The larger the
differences in costs, the larger the scope foririgaelnd the bigger the gains from
trade. At the core of our carbon market model heedetailed marginal abatement
cost data gathered by McKinsey and summarizednsioe 2 of its global cost curves
(McKinsey 2009).

McKinsey's cost curve model is a bottom up, micaemmic model that assesses the
technically available abatement potential vershasiness-as-usual (BAU) reference
case solution. It does so at a granular level -ekdog approximately 200
technologies, in 13 sectors, and 21 regions. ThebG@tions are covered

individually, with a further 8 regional assessmearisuring global coverage.

The carbon markets model splits the original casa durther into different carbon
market segments: international emissions tradingragngovernments (the AAU
market), domestic cap-and-trade markets in Anneauhtries (including the EU
ETS, and the new US trading system) and the intiemel offset market (a reformed

and expanded CDM, say). Separate cost curves weered for “traded sectors” that



are expected to be covered by the various carboketsaand non-traded sectors that
are likely to remain outside. The analysis alsmaats for regulatory policies that
mandate particular abatement options, such as eeréigiency standards in
buildings and renewable energy targets.

The original McKinsey cost curves are estimatethefeconomic potential for cost-
effective GHG mitigation. For the current purpa$es economic perspective was
replaced by an investor perspective. This requinedadjustments.

First, economic costs were translated into findraoats by introducing existing

policy interventions like fuel taxes and energysdies (such as feed-in tariffs).
Financing constraints were introduced by replatimegsocial discount rate of the
original cost curves (4 % real) with a higher, eiiintiated rate (on average 11%) that

reflects firms’ actual costs of capital — varyingihdustry and geography.

The net effect of these corrections typically isrtake the cost curves steeper. Energy
efficiency measures with negative costs tend t@imeceven more attractive if energy
is subject to tax,while the higher cost of capital increases the obsapital-

intensive investments like renewables. There ae stme changes in the merit order,
as measures with particularly high upfront costsobee more expensive and move

further up the cost curve.

The second adjustment acknowledges limits in paitgctiveness. Rather than
assuming the full implementation of all cost-effeetmitigation options, as the
original cost curve implicitly does, our analyseeognizes that the uptake will be less
than perfect as a result of insufficient policy atoln, ineffective policies and poor
execution. This is similar to the approach takeheyUK Committee on Climate
Change, which also distinguishes between techhmabnomic potential and actual
uptake, which is a function of the policy envirorthéCCC 2008},

® Discounting is one of the most controversial issimeclimate change economics. A good synthesis is
Dasgupta (2008).

" The inverse happens in countries with energy sligssistill a frequent occurrence in many parts of
the world.

8 Of course, policy makers anticipating an imperfgmiake of policies may ramp up their measures to
counterbalance that effect.



To do so we made an assessment of the currenygobposals in each of the 21
regions and 13 sectors of the model. Each of thoggosals was rewarded a policy
ambition score, which scaled the abatement potdsta Chart 1). These policy
ambition scores are based on a literature studysoéffectiveness of climate change
policy. Further, each country was awarded a paiogcution score, which is based on
McKinsey staff assessments informed by a rang@wémance indicatorsThe
technical abatement potential was then multipliétth the two factors in order to
derive an assessment of the achievable abatenmesn, @pected government policy
effectiveness. Note that this does not includesttpgected outcome of the carbon

market, which effectively provides the financing fbe positive cost measures.

The result of this adjustment was to reduce thakegof cost effective measures to 24
GtCO2 in 2030, compared with a technical poteriéd8 GtCO2 in the original
analysis (see Chart 2). Alternative assumptionpadicy effectiveness will be

introduced in section 4.

The model is solved over four steps (see Chaifl®).first step is to balance supply
and demand in the international offset market. 8dcthe regional cap-and-trade
systems are balanced using the market-clearingtgffice calculated in step one.
Third, the AAU price is set equal to the offsetcpriThese steps allow us to calculate
the prices in each of the markets, the amountahg@stic) abatement achieved as

well as the trading with other markets (typicatlyport of international offsets).

In the fourth step banking and borrowing is introgld, assuming a five-year time
horizon for companies under a cap. That is, congsaaie assumed to bank (borrow)
allowances, if the expected price five years leenuch higher (lower) than in the

current year.

Since banking and borrowing of allowances can eeeor reduce the offset demand
in the given year, an iterative algorithm is udddkage of carbon markets (beyond

the international offset market) is possible, batt $et in the default model.

° UNDP (2004) provides a useful survey of availaligaynance indicators.



The international offset market is the key markethanism in the model, balancing
global supply and demand across markets. The aftggdly curve depends on sectors
and regions participating in the offset marketjgpoéffectiveness, and rules
governing eligible offsets (for example, NPV-posgitievers may be excluded as non-

additional)*®

For each of the regional cap-and-trade systemsagheand for international offsets is
dependent on the offset price assuming that corepamil always choose the
cheapest option between regular allowances, abatameer the cap-and-trade
system, domestic offsets, international offsets arere applicable, strategic reserve
allowances. The offset demand on a country lexeebfaosed to the cap-and-trade
system) is assumed to be inelastic and is calaikgdhe gap between a country’s
reduction target and the abatement achieved thrdagtestic actions (both inside

and outside a cap-and-trade system) after perfatt #hading™*

3. The carbon market in 2020

The first application of the model was to analyagbon market developments under a
“Follow me” scenario, that is, the expectation ttet low range of all currently
announced or proposed policies will be implemenkéake specifically, we

considered carbon market policies as contemplatedmmer 2009 (see Table 1 for
details). The scenario was derived from a rangebty documents, including the
December 2008 climate change and energy packathe &U and the Waxman-
Markey bill (version passed by the House of Repregives) in the US.

The scenario foresees the establishment or expaosimational cap -and-trade
schemes in Europe (EU and neighboring states déamd, Norway and
Switzerland), the US, Australia and Canada. Itdees an expanded global baseline-
and-credit (or offset) market modeled on a reforrf@&M and the continuation of
international emissions (or AAU) trading betweemar | governments. The various

cap-and-trade markets are not linked, although #neyall connected to the global

19See IETA (2008), Michaelowa and Pallav (2007), Mielowa and Umamaheswaran (2006), Streck
and Lin (2008) and Wara (2007) for a discussio@bBM additionality and CDM performance.
' We ignore the effect of penalties for non-perfonce



offset market and AAU trading, which creates arraxt link. Importantly, we
assume that avoided deforestation (so called REBgts are only eligible and

available to a limited extent.

The main results are summarized in Chart 4. InPARE market, the Annex-I cap-
and-trade caps total an estimated 16.7 GtCO2 i0 268 12.6 GtCO2 in 2030. Of

the abatement required to meet these targets idetvedloped world, about two thirds
will be realized domestically, with the remainderaugh offsets. Offsets are the
price-setting (i.e., marginal) supplier of abatetterdeveloped world, suggesting that

AAU prices will be equal to offset prices.

The EU ETS has 1.7 GtCO2 of emission allowanc&90 and potentially 1.4
GtCO2 in 2030. The majority of the required abateihte meet these targets is
realized domestically, as the offset quotas ait# {igbout 1.6 GtCO2 over 2008-12).
The tight targets and offset quotas means the ES &6 the highest prices of all
carbon markets, peaking at €40 per tCO2 in 202B.pFlte-setting abatement
capacity is domestic. Banking of offsets can redbheeisk of price drops, but unlike

the US ETS there are no other stabilization mecmasin place.

The US ETSas proposed in the Waxman-Markey bill) is assutodeke operational

as of 2012. The market has 5.1 GtCO2 of emissiowahces in 2020 and 3.5
GtCO2 in 2030. Initially most abatement is realizieugh domestic and
international offsets (1 GtCO2 out of 1.4 GtCO22015), but over time domestic
abatement starts to play a larger role (2.5 GtC@264.1 GtCO2 in 2030). The US
ETS market price will be set by offsets, even afiing into account the 4:5 discount

rate that is currently contemplated.

The offset market is assumed to continue in ther&twith avoided deforestation
offsets remaining limited to 20-40% of global otfsepply. Demand for offsets

comes mainly from the US ETS and AAU countries.

Overall, carbon trading is estimated to triggeremeental investments of almost €800
billion between 2016 and 2020, much of it in eliegower and transport, and over
three quarters of it in China, the US and the EU.

10



Chart 5 displays price developments. It shows atamitial price differential between
the EU ETS, where the allowance price could risevat€35 in 2025, and the
international offset and US allowance prices, whighexpect to increase to €23 by
2030. In Europe, where the use of offsets is camsd, the carbon price is
determined by the marginal cost of domestic abaténassumed to be various
renewable energy technologies (for example, windgdide fuel switching in 2015,
solar alongside small hydro in 2020). In the USichlturrently foresees a more
liberal use of international offsets, the allowapcee is expected to follow the
(discounted) offset price, since offset purchasedlse preferred abatement activity at

the margin

It is important to note that in both markets, @éashare of the abatement will be
covered and achieved through mandated policieshigd=U’s Renewable Energy
Directive. Chart 6 shows this in more detail foe ttase of the EU ETS. The chart
shows the EU marginal abatement cost curve, reeddergive priority to mandated
actions and to factor in the contribution of oféséfhe chart also shows how the
prevalence of cheap abatement opportunities engesitaanking. We will come back

to this issue in section 4.

The offset price, in the meantime, is kept low lsteady flow of low cost emission
reductions in sectors like electric power, industoyestry and waste (two thirds of it
from China). In fact offset prices could remain akhconstant over time as the
growth in offset supply is in line with growing damd (see Chart 5 above). But even
at this relatively low price offset trading is adincially attractive activity, creating
substantial trade flows and yielding substantialdfiégs. Chart 7 shows the net trade
flows in the offset market and the gains from trade

4. The impact of different policy designs

Although currently announced initiatives providgaod indication of how policy
might develop, the debate is clearly still in flad much will change as options are

12 See Goettle and Fawcett (2009) for a detailedyaisabf cap and trade impacts in the US.
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reviewed and political consensus is built. The aoad debate on the merit of
different design mechanisms is also ongoing antdinfibence policy choices (see for
example Fankhauser and Hepburn 2009). In thisseatie ask how different policy
choices would affect the price and volume dynanmdbe carbon market. In
particular, we look at four design options: (i)lenge in policy effectiveness and
abatement ambition (ii) the linking of regional rketis and (iii) changes to the rules

on banking and borrowing.

4.1 Different levels of ambition

The policies currently announced, which form thekb®ne of section 3, would result
in global emission reductions of 7 GtCO2 in 2028 4B GtCO2 in 2030. This is well
short of the 25-40% reduction in global emissidra the IPCC called for in its

fourth assessment report (Barker et al. 2007b)laed 7 GtCO2 of reductions that
Project Catalyst (2009) estimates will be neede8Q80 to stabilize concentrations at
around 450ppm C4@, and thus have a fighting chance of limiting glolsarming to
20C. However, even the low targets used in thel8laome" scenario are not ratified

yet.

We also looked at two other carbon market scenaeiftecting different degrees of
ambition. The first scenario, labeled a “High andnt, includes a stricter, 20%
reduction target, relative to 1990, — with corasgingly tighter domestic caps and
offset limits — and increased policy effectivenel30% of technical potential
mandated in Annex | countries in non-market seaasincreased ambitions in the

developing world.

The second alternative is a pessimistic “Head énsdnd” scenario, where only
policies that are already into effect (for example EU ETS) are included. Crucially,
this excludes federal carbon trading in the US. filleescenarios are detailed in Table
2.

Chart 8 shows difference in carbon prices for the $cenarios, and Chart 9 displays
the impact on global emissions reductions. Higheels of ambition have a strong

impact on carbon prices, in part offset by impropeticy effectiveness, which

12



increases supply. In the "Head in the sand" scepaffiset prices could fall to around
€5 per tCO2 by 2020 without the US joining the glotarbon markets.

In contrast, the effect of more ambitious scenasie®verall emission reductions is
relatively limited (Chart 9). Under a “High ambitibscenario only about 60% of the
theoretical potential is taken up. This is mainlgdo the fact that emissions will
continue to grow strongly in countries that arerently at a low level of
development, including India. To change that andendoser to the 450ppm
pathway, much more comprehensive targets that aowst countries would be
required, as well as more aggressive policies otoeelike forestry and agriculture

that are not covered by the carbon market.

4.2 Linking of markets

Key design question is to what extent regional re@rkvill be linked up. This
particularly concerns the link between the worlv® biggest carbon markets in the
US and the EU. In our main results, we assumedtieaivo markets would be linked

only indirectly through the international offset rket, on which they both draw.

It is instructive to explore what would happenhi¢ ttwo markets were more closely
integrated, at the extreme through the unrestriek@thange of allowances between
the two jurisdictions. It is an aspiration amongy&uropean policy makers to

achieve such a link as early as 2015 (Lazerowi€@90

The enthusiasm for linking is understandable. Cpngly, flexibility in space is key
to keeping down compliance costs. In practice,ralyer of preconditions will have to
be met before such a link becomes realistic (Famgraand Hepburn 2009). Chief
among them are consistent levels of ambition batvtlee two policy spheres.

Linking a system that is designed to be high pwie a low-price scheme would
create policy tensions as trading will inevitabtyuate prices across systems. In
addition there is a need for coordination on refguearrangements, including the use
of, and quality standards for, offsets.

13



A linked market would result in prices very closehe prices in an autarkic US
market (chart 10). This can be explained by thelhmamaller size of the EU ETS
compared to the US system and the generous US bifféethat is not exhausted in
the autarky case.

4.3 Banking and borrowing

Banking and borrowing (or flexibility over time, the terminology of Fankhauser
and Hepburn 2009) is similarly important. Compliééibility to allocate abatement
effort over time would allow firms to smooth sheéetm fluctuations (for example,
related to fuel prices) and coordinate emissiomicadns with the investment cycle
and the replacement of the capital stock.

For example, the summer 2009 drop in the EU all@earice would have been
much sharper if it had not been possible to banglssi emissions into the post-2012
period. Conversely, the price collapse in the fatsase of the EU ETS would have
been avoided if surplus emissions could have baehkdd into the second trading
period. In fact, self-contained trading periodshwiit banking or borrowing lead, by
design, to price spikes or troughs at the endatfpleriod unless installations are able
to plan their emissions to perfection.

Despite its conceptual advantages, most systenstragnintertemporal flexibility.
Banking from one commitment period to the nextaseyally allowed, but there tend
to be limits to the amount of borrowing that isrpéted, both between commitment
periods and within individual periods. This is daea (political) preference for timely
abatement, but also concerns about time inconsigtetthat is, the possibility that

delayed commitments may not be honoured in fulhkBauser and Hepburn 2009).

The simulation results show how banking and bomgvgan soften price fluctuations.
The effect is particularly strong in the EU ETS,amhtight targets and limited offset
guotas may lead to a price spike in 2025 in themds of intertemporal flexibility.
Borrowing between trading phases is not allowetthenEU ETS, but banking alone is
capable of reducing the spike from €65 per tCO3® per tCO2 (Chart 11).

14



The US ETS, as currently envisaged, would allowdwing one year ahead for free
and from subsequent years at an 8% interest rhte.ig anticipated to have minimal

effect however, as the offset price is the predamimriver of the US ETS price.

5. Conclusion

The global carbon market could grow spectaculavr dhe next ten years. If current
proposals are implemented — and this cruciallyudet a Waxman-Markey-style
federal trading scheme in the US — the market vekimight reach $800 billion by
2020, compared with $126 billion in 2008.

In our main scenario, which is based on ‘currenppsals’, we see the EU ETS
prices rise from €13 in 2015 to €38 in 2025 befaitkng back to about €30. The high
price is driven primarily by limited offset quotda.the US, where offset quotas are
more generous, prices stay much closer to thetaffaeket price — rising from €13 in
2015 to €23 in 2030.

However, ‘current proposals’ result in an abatenoentome of just 7 GtCO2,
bringing emissions down from a business-as-uswal l&f 61 GtCO2 in 2020 to 54
GtCO2. This compares to 17 GtCO2 that might be egdy 2020 to stabilize
concentrations at 450ppm, according to Project|@=té2009), and underscores the
fact that the unilateral commitments in both depelband developing countries
remain insufficient. Even in our most aggressivegtHambition” scenario, only
about 60% of the theoretical emission reductiorepidl is taken up. To change that,
much more comprehensive targets would be requiv@dcbver most countries, as

well as more aggressive policies on forestry anctalgure.

The shortfall in all our scenarios also undersctinas carbon markets, while central
to the global mitigation effort, are on their owot@nough. The carbon market will
only provide about 40% of the total abatement e€ffGarbon trading has to be
complemented by additional policy instruments tdrads non carbon price-related
externalities. They may include standards (for eplanrenewable electricity
standards, building codes and fuel efficiency saadsl), targeted revenue support

(such as feed-in tariffs) and technology suppotheform of subsidies for R&D and

15



pilot programs. Moreover, additional public finane#l be needed to provide a
strong, additional impetus for abatement in devielppountries, particularly those

currently not covered by the carbon market.

Much will depend on how carbon markets are designeodw comprehensive they
are, how ambitious, how well they are regulated smdn. This will determine to a
large extent how much abatement we can achievatantat overall cost.
Particularly pertinent will be links to other matkeincluding the amount of offsets
allowed and direct linking with other developed otsy schemes. The banking and
borrowing mechanisms will determine the inter-tenapprice development, and
could influence price strongly as abatement witdrae cheaper over time when the
abatement potential increases.

The model we used to derive these conclusiondaswely simple in terms of its
economic structure, but very rich in terms of tberry and sector level mitigation
strategies it details. These data were taken fr@iicKinsey cost curves, which
provide comprehensive, internally consistent casa dor a wide array of countries
and sectors. Cost data are of necessity uncebiairgven accepting these
uncertainties it is clear that there is substastalpe for efficiency gains from carbon
trade. Carbon markets can make an important aedtafé contribution to the global

transition to a low carbon economy.
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