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With the onset of binding carbon budgets applying across the UK economy, a
robust approach to valuing emissions is vital in order to ensure that
Government takes full account of climate change impacts in appraising and
evaluating public policies.

The previous approach used within Government to carbon valuation in policy
appraisal, called the Shadow Price of Carbon, is based on estimates of the
lifetime damage costs associated with greenhouse gas emissions drawn from
the Stern Review (known as the Social Cost of Carbon, or SCC).

This paper sets out a revised approach to valuing carbon in policy appraisal,
following a review undertaken within Government in the course of 2008 and
early 2009. It concludes that the approach, based on estimates of the SCC,
should be replaced with a target-consistent approach, based on estimates of
the abatement costs that will need to be incurred to meet specific emissions
reduction targets. The case for change is motivated by the considerable
uncertainty that exists surrounding estimates of the SCC. The change will
have the effect of helping to ensure that the policies the UK Government
develops are consistent with the emissions reductions targets that the UK has
adopted through carbon budgets and also at an EU and UN level.

Under the new approach, the precise valuation methodology differs according
to the specific policy question being addressed:

1 For appraising policies that reduce / increase emissions in sectors
covered by the EU Emissions Trading System (ETS), and in the future
other trading schemes,at 6 aded pr i c ailllmefused ahiskith n 6
be based on estimates of the future price of EUAs and, in the longer
term, estimates of future global carbon market prices;

1 For appraising policies that reduce / increase emissions in sectors not
covered bythe EUETS (t h e -Traded n S e ¢ toretdaded price
of ¢ a wiblmeusked, based on estimates of the marginal abatement
cost (MAC) required to meet a specific emission reduction target;

1 Inthe longer term (2030 onwards) consistent with the development of a
more comprehensive global carbon market, the traded and non-traded
prices of carbon will converge into a single traded price of carbon;

1 For the purposes of setting emissions reductions targets and global
stabilisation goals, formal modelling evidence, including evidence
on the social cost of carbon will continue to be an important input. In
practice, given the imperfect nature of our knowledge, these will be
supplemented by political judgement and the outcomes of international
negotiations.
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The purpose of this paper is to: assess the case for adopting the new
approach; provide an overview of the empirical work undertaken to implement
it; and present the new values. The new values are as follows:

1 A short term traded price of carbon of £25 in 2020, with a range of £14
- £31.

1 A short term non-traded price of carbon of £60 per tonne COe in 2020,
with a range of +/- 50% (i.e. central value of £60, with a range of £30
- £90).

1 A long term traded price of carbon with a value of:

o £70 per tonne of COe in 2030, with a range of +/- 50% (i.e.
£70 central estimate, £105 high estimate and £35 low
estimate).

o0 £200 per tonne of COze in 2050, with a range of + /- 50% (i.e.
£200 central estimate, £300 high estimate and £100 low
estimate).

1 Linear interpolation is used to form a price series between 2020 and
2030, and 2030 and 2050.

These new values will be used in Government appraisal from now on and have
been used to appraise policies and proposals set out in The UK Low Carbon
Transition Plan.” In relation to future reviews, the non-traded price and long
term traded price will be reviewed in the event of significant changes to
emissions reductions targets (e.g. following the outcome of international
negotiations and at the time of setting the level of carbon budgets). In practice
this means that the non-traded and long term traded prices will be reviewed in
2011 taking into account the outcome of the international negotiations in
Copenhagen and the setting of the fourth carbon budget. Thereafter, the
values will be reviewed every five years, in line with the carbon budget setting
process. The short term traded price will be reviewed more regularly,
alongside periodic updates of fossil fuel price scenarios.?

' DECC (2009) The UK Low Carbon Transition Plan (July 2009).
% These are generally updated around once a year.



This paper sets out a revised approach to valuing carbon in policy appraisal,
following a review undertaken by senior Government economists in the course
of 2008 and early 2009. It replaces the Shadow Price of Carbon (SPC), the
previous methodology used to value carbon in UK policy appraisal.

The fundamental purpose of assigning a value to the GHG emissions that arise
from potential Government policies is to allow for a more objective, consistent
and evidence-based approach to determining whether such policies should be
implemented. Carbon values are used in the framework of broader cost benefit
analyses to assess whether, taking into account all relevant costs and benefits
(including impacts on climate change), a particular policy may be expected to
improve or reduce the overall welfare of society.

With the onset of binding carbon budgets applying across the UK economy, a
robust approach to valuing emissions is vital in order to ensure that
Government takes full account of climate change impacts in appraising and
evaluating public policies and projects, whether those policies are intended to
reduce emissions or are likely to have the effect of increasing emissions. Such
policy decisions often involve making choices between competing policy
objectives, and assigning a value to carbon helps ensure that such choices are
made in a transparent fashion and in a way that is most cost effective for UK
society as a whole.

In this respect, it should be noted that making any policy decision 1 to proceed
or not with an investment or policy proposal - involves assigning an implicit
value to carbon. Making valuation explicit helps to:

1 Ensure the climate impacts of policies are fully accounted for;

1 Ensure full account is taken of the evidence in decisions;

1 Ensure consistency in decision making across policies; and

1 Improve transparency and scrutiny of decision making

... all of which should lead to better policy making.

Policies and projects that are likely to have a material impact on emissions
include:

9 policies where one of the primary purposes is to reduce emissions,
including trading schemes such as the EU Emissions Trading System
and standards and regulations designed to improve energy efficiency;
policies that put an explicit price on carbon such as taxes and subsidies;
investments in infrastructure and projects that are relatively carbon-
intensive, including certain investments in the power and transport
sectors; and
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1 investments in low carbon infrastructure that serve to displace or defer
higher intensity investments. These also include certain investments in
the power and transport sectors.

The approach adopted to valuing carbon can have a significant impact on the

assessment of the costs and benefits of these policies and other policies that

have less obvious, but potentially significant, carbon impacts (such as policies
that increase the demand for road transport).

It should be stressed that the carbon values discussed in this paper apply
whatever the type of policy or project being appraised, providing there is some
material impact on emissions. It is not the aim of this report to discuss how
these policies should be designed but rather to provide carbon values to be
used in the economic appraisal of these policies. Guidance on the design of
policies to reduce emissions is provided in a separate DECC / Defra
publication.?

Detailed practical guidance for analysts on how to apply the carbon values in
appraising policies is available on the DECC website.*

In December 2007, the Government published a paper outlining a revised
approach for the valuation of climate impacts in project and policy appraisal.’
This approach updated the previous 2002 guidance® on valuing greenhouse
gas emissions in appraisal. Th e Go v e rrevises approash allowed more
recent evidence i from the Stern Review’ - to be incorporated into the way in
which climate impacts are accounted for across Government. It set a value for
emissions changes in 2007 of £25.5/tCO,e® (in 2007 prices), rising at a rate of
2% per annum in real terms. Thus this revised methodology continued to use

® The issue of how to design policies to reduce emissions is dealt with in a separate paper
iMaking the right choices for our futureo (March 20
http://www.defra.gov.uk/Environment/climatechange/research/pdf/economicframework-
0309.pdf
‘iGreenhouse Gas Policy Evaluation and(Bppembsal i n
2008) available at
http://www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/greengas-
policyevaluation.pdf
AThe Soci adrborCAng Tthe ShadowCPrice Of Carbon: What They Are, And How To
Use Them I n Economic Appraisal I n The UKO (Defra, 2
http://www.defra.gov.uk/environment/climatechange/research/carboncost/pdf/background.pdf
An early draft of new guidance was peer reviewed by a group of academics in August. These
E)eer reviews were published in January, alongside a response to the comments.
Clarkson, R. and K. Deyes (2002). Estimating the social cost of carbon emissions.
Government Economic Service Working Paper 140. London, HM Treasury. Available at:
http://www.hm-treasury.gov.uk/d/SCC.pdf
’ Stern, N. (2007). The Economics of Climate Change: The Stern Review. Cambridge, UK,
Cambridge University Press. Available at:
http://www.hm-treasury.gov.uk/sternreview_index.htm
®6 C© 6 fens ® carbon dioxide equivalent. Non-CO, greenhouse gases have a global
warming potential (GWP) ascribed to them. This describes their warming potency relative to
carbon dioxide. For example, methane has a 100 year GWP of 217 its CO, equivalency is 21
tonnes.
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http://www.defra.gov.uk/Environment/climatechange/research/pdf/economicframework-0309.pdf
http://www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/greengas-policyevaluation.pdf
http://www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/greengas-policyevaluation.pdf
http://www.defra.gov.uk/environment/climatechange/research/carboncost/pdf/background.pdf
http://www.hm-treasury.gov.uk/d/SCC.pdf
http://www.hm-treasury.gov.uk/sternreview_index.htm

the social cost of carbon (the lifetime damage costs associated with
incremental greenhouse gas emissions) as the basis for valuation.

In the 2007 paper, the Government committed to reviewing the value of carbon

used in appraisal in 2008 and in particular to considering whether the carbon

values used in policy and project appraisal should continue to be based on

estimates of the social cost of carbon - i.e. a figure that is based on the present

value of the lifetime damage costs associated with GHG emissions - or

whet her an alternative O0target consistent?o
involve valuing carbon on the basis of the marginal abatement cost (MAC)

required to achieve a specific emissions reductions target.

The paper anticipated that this review would take place when sufficient
information on abatement costs at the UK level and internationally had been
developed. Through the work on carbon budgets conducted by Government
and the Committee on Climate Change, and the work on global carbon
financial flows carried out within DECC, Government economists have access
to several sources of abatement cost data (including the integrated UK MAC
model and the international Global Carbon Finance or GLOCAF model) that,
along with wider evidence on global abatement costs, allows the target
consistent approach to be implemented.

The conclusions of thereviewi t hat we shoul d -cnoonvsei sttoe nat 60 t a
approach to carbon valuation i are set out in the rest of this paper. Under this

approach, from now on, the appraisal of individual policies will be based on

explicitly target-c onsi st ent val ues of ¢ ar btiaded These
pri ce of foragpraibing pdicies that reduce / increase emissions in

sectors covered by the EU ETS (and in the future other trading schemes) and,

in the shortterm, a 6 n etnaded price of ¢ a r b formPpraising policies that

reduce / increase emissions in sectors not covered by the EU ETS). In the long

term, a single traded price of carbon will be used. For the purposes of setting

emissions reductions targets and global stabilisation goals, formal modelling

evidence, including the social cost of carbon will continue to be an

important input.

The purpose of this paper is to set out the case for adopting the new approach,
to provide an overview of the empirical work undertaken to implement it and
set out the new values for carbon to be used in appraisal.
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The rest of this paper is structured as follows:

1 Part 1 contains the rationale for the change in approach, and comprises
three chapters:

o Chapter 2 discusses the variety of possible approaches to
valuing carbon;

o Chapter 3 discusses the previous approach, based on estimates
of the Social Cost of Carbon, and sets out some of the difficulties
in using this approach; and,

0 Chapter 4 setsoutthenew,6t acgaetsi stentdé approach,
on estimates of abatement costs, and discusses the targets that
should be taken into account in implementing such an approach.

1 Part 2 presents an overview of the approach taken to estimate the new
values. It comprises:

o Chapter 5 provides an introduction to the quantitative analysis;

o Chapter 6 sets out the approach to estimating the traded price of
carbon up to 2020 and new values;

o Chapter 7 sets out the approach to estimating the non-traded
price of carbon up to 2020 and new values;

o Chapter 8 describes the approach to setting the long run price of
carbon and presents the new values;

o Chapter 9 combines the analytical work into a carbon price
schedule, compares the results with evidence from the Stern
Review and discusses how frequently estimates should be
revised,;

o Chapter 10 considers the use of damage costs and other
evidence to inform target setting; and,

o Chapter 11 discusses the revision of the carbon valuation
methodology and the new carbon values.

1 Part 3 describes how the new approach to carbon valuation will be
applied in practice:
o Chapter 12 considers the use of carbon valuation in policy
making;
o Chapter 13 addresses reporting and auditing requirements; and,
o Chapter 14 discusses potential international applications.

1 Annex 1 summarises the implied non-traded price of carbon for a range
of MACC scenarios that have been analysed.

1 Annex 2 provides an overview of the GLOCAF model.
1 Annex 3 provides a comparison of GLOCAF with other model estimates.
1 Annex 4 shows a comparison of Traded and Non-traded Prices of

Carbon with the Previous Shadow Price of Carbon from 2008 i 2050
(£2009).



1 Annex 5 provides results of the audit of the use of the Shadow Price of
Carbon.

1 Annex 6 provides a short bibliography of works referenced.

Any comments on this document should be sent to
climatechangeeconomics@decc.gsi.gov.uk
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Part 1: Rationale for revising
the approach to carbon
valuation




There are several possible methods for assigning a value to carbon:
1 basing it on the social cost of carbon, i.e. estimates of the damage
caused by emissions released into the atmosphere;
1 calculating it with reference to the marginal abatement costs consistent
with a given emissions reduction target; or
1 setting it equal to the market price of carbon observed in an emissions
trading scheme such as the EU Emissions Trading System (EU ETS).

Under certain conditions, these three approaches will produce the same result.
This chapter sets out those conditions, before considering why they do not
currently apply. This forms the background for the more detailed discussion of
alternative approaches in the rest of this paper.

In tackling climate change, the optimal emissions stabilisation level is found
where the marginal cost of abatement (the marginal cost of action) is equal to
the marginal damage cost (otherwise known as the Social Cost of Carbon 1 i.e.
the marginal benefit of action). This is a dynamic condition:

MAC = SCC over al | t= 1,

Figure 2.1 illustrates how a rational economic policy-maker with perfect
information might approach the problem of optimising an emissions reduction
strategy. Given complete information on the social cost of carbon (which in this
diagram increases with the level of atmospheric concentrations)®, and marginal
abatement costs over time, an optimal concentration could be reached.®

Marginal abatement costs are shown to be rising as atmospheric
concentrations fall. For any given level of technology, the marginal abatement
cost required to reach lower concentration stabilisation goals will clearly be
higher. This is because the additional effort T additional emissions reductions i
that is associated with more challenging goals will entail a movement up the
abatement curve until the necessary reduction has been achieved.

° Please see chapter 3 below.

'%n the case of climate change, the stock nature of emissions (they inhabit the atmosphere for
several hundred years) means that there are some uncertainties going forward regarding the
relationship between emissions and concentrations, specifically regarding any unknown
atmospheric feedbacks.

10
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Figure 2.1: Comparison of SCC and MAC Associated with Different
Stabilisation Goals™*

SPC

Atmospheric concentrations
pathway (ppm)

In the diagram (Figure 2.1), the optimal stabilisation goal is found where the
MAC = SCC, as explained above. The optimal concentration that is identified
implies a level of aggregate emissions that is consistent with reaching that
scenario. In theory, once the optimal stabilisation goal is identified, the price of
carbon consistent with the damage cost on the optimal stabilisation pathway is
also that which will produce sufficient abatement to reach that stabilisation
goal. In principle, this is the appropriate value of carbon for use in policy
appraisal.

Furthermore, if there were a fully comprehensive international trading scheme
in place covering all emissions, with a cap set consistent with the optimal
stabilisation goal, then the market price of carbon would also be equal to both
the MAC and SCC for the stabilisation goal.

In practice, however, this set of conditions does not currently hold. First, there
is no fully comprehensive trading scheme from which to infer a single market
price of carbon for the whole economy. Second, there is considerable
uncertainty surrounding estimates of damage costs and, to a lesser extent,
abatement costs, as a result of which, it is very difficult to identify the optimal
goal with a strong degree of certainty. Third, partly as a result of this
uncertainty, emissions reductions targets may be informed by a variety of
factors not limited to the economic and scientific modelling evidence, including

" This exposition is not identical to a traditional marginal abatement/marginal damage diagram
which would have the x-axis measuring quantity of emissions. In the traditional approach, the
MAC curve represents the additional cost of reducing emissions by one unit. Here we take the
MAC as a more dynamic concept i it measures the price that is required to produce the
emissions reductions that will lead to the atmospheric concentrations pathways on the x-axis.

11



et hical considerations and the reality
di

sharingé, which may result in highly
individual countries. In the absence of a comprehensive global trading regime,
these different emissions reductions targets will translate into very different
marginal abatement costs for individual countries.

of
f fe

As a result of these factors, the three approaches to setting the value of carbon
discussed above may produce different answers. The following chapters in
Part 1 discuss the different approaches given this uncertainty, and consider the
different contexts in which they should be used.

The next chapter considers the approach used to value the previous shadow
price of carbon 1 using the social cost of carbon.

12
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The value of the SPC was based upon an estimate of the Social Cost of
Carbon (SCC). As noted above, the SCC is the marginal damage cost
associated with an incremental emission of GHG, summed over its lifetime and
discounted back to the year of emission. The SCC estimate on which the
previous SPC was based was drawn from the Stern Review. Specifically, it
was the SCC from the review which is consistent with an atmospheric
concentrations scenario of 550ppmCO.e.

Why is it necessary to specify the atmospheric concentrations path on which
the SCC is based? The modelling from the Stern Review found that the value
of the SCC depended upon the prevailing atmospheric concentrations when
that tonne of GHG is in the atmosphere. This results from the interaction
between three important factors:

1. The concavity of the relationship between emissions and the increase in
temperature: i.e. additional emissions produce decreasing impacts upon
temperature.

2. The convexity of the relationship between damages and temperature: i.e.
damages increase more than proportionately with temperature.

3. Discounting: The discounting regime used in the Stern Review - particularly
the endogeneity of the discount rate, but also the fact that lower rates were
used than in some other studies - also had an impact.*?

For the results identified by the Stern Review to occur, the second effect must

6out wei ghod the fi f#shouldbanbtgdehattthereisa t he t hi r d.
debate in the modelling world surrounding this path-dependency. Some other

modelling exercises have not identified such a relationship.

'2 The discount rate used in the Stern Review was endogenous and low, two characteristics
which allowed the stated results to emerge more clearly. The endogeneity (of the growth
component) of the discount rate used in the Stern modelling is important. It allows the discount
rate to vary according to the growth path i for those pathways with higher atmospheric
concentrations, and so higher damages from climate change, the growth rate, and hence the
discount rate, will be lower. Therefore the present value of a given level of economic damage
is greater on pathways with higher damage costs. In addition, the fact that the Stern Review
discount rate was low meant that the different impacts caused by the two underlying factors,
together with endogenous discounting, are really able to emerge. This is especially important
in the case of climate change damages which occur far in the future.

“pPlease refer to Simon Dietzds peer review comments
http://www.defra.gov.uk/environment/climatechange/research/carboncost/pdf/simon-dietz.pdf
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The Gover nme n t'amtlingdxHe argumenpfer adopting a shadow
price consistent with a 550ppm pathway (this argument is covered in greater
depth in the publication). The paper noted that our goal is that substantial
action will be taken by the world to achieve major emissions reductions, and
the Stern review provides an appropriate range to consider in assessing what
the outcome of that action will be (450 - 550ppmCO.e). To be conservative,
the paper argued that a value should be adopted at the top of that range (since
this implies a higher SPC). Using an SPC consistent with atmospheric
concentrations significantly above 550ppmCO2e might lead the UK, or any
other individual country, to do too much relative to other countries and to the
goal and adopting an SPC consistent with concentrations below 550ppm might
lead us to do too little, given current uncertainties.®

As noted in the 2007 paper, this approach raises an important question
concerning its consistency with the emissions reductions targets to which the
UK is committed. These targets exist at three levels:

T internationally, through the Kyoto Prot
the UK received a burden-share of the required EU effort, which itself
was stipulated under the Kyoto Protocol;

1 atthe EU level, through the traded (emissions covered by the EU ETS)
and non-traded (non-EU ETS emissions) sector emissions reductions
obligations that will be placed on the UK through the EU climate change
and energy package; and

1 at the UK level, through the 80% 2050 emissions reduction target set in
the Climate Change Act and carbon budgets that have been set
following advice from the Committee on Climate Change. Carbon
budgets are mandatory emissions reductions targets covering five-year
periods. Three periods will be set ahead at any one time, initially for
2008-2012, 20137 2017 and 2018 i 2022.

Given these commitments, a compelling question to consider is whether the
value of the SPC would allow for sufficient abatement activity to take place to
allow the UK to meet its binding emissions reductions goals. A further, broader
guestion that needs to be considered is whether the SCC consistent with a
550ppm stabilisation pathway (if applied globally*®), would actually lead the
world to that goal. In other words, would such a price be consistent with the
marginal abatement costs that would need to be incurred in order to reach the
global stabilisation goal?

* hitp://www.defra.gov.uk/environment/climatechange/research/carboncost/index.htm

'3 |t should be noted that these arguments were made in light of the intended use of the SPC i
to appraise individual policies, in relation to any one of which it could safely be assumed that
the global stabilisation level was exogenous. Under the revised approach, the SCC will only
be used in considering significant changes to the emissions reductions targets themselves. In
this context, the above approach i assuming global effort is invariant to action in the UK T is
no longer valid. This is discussed in greater detail in chapter 8.

16 Clearly applying any carbon price to the UK alone will not allow the world to reach a 550ppm
pathway, as a result of the small percentage of global emissions from the UK. Concerted
global action would be required to achieve such a goal.

14
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As discussed in Chapter 2, the optimal solution would involve finding the SPC
that is based on an SCC consistent with a certain ppm stabilisation, and that
allows sufficient abatement to be undertaken to enable the stabilisation target
to be met. However, in practice there are two key reasons why this theoretical
optimal solution may not in practice produce results that are consistent with our
emissions reductions obligations. The first relates to the empirical challenges
of estimating the global optimal solution and the social cost of carbon
associated with it, and the second relates to the process of dividing up the
burden of achieving that overall stabilisation goal into individual country
emissions reductions targets. These problems are discussed in turn.

Identifying the optimal stabilisation goal, emissions reductions pathway and the
corresponding SCC is a very challenging process, involving empirical
uncertainties i scientific and economic - and ethical debates at various levels.
Integrated assessment models (IAMs), as their name implies, attempt to
integrate climate and economic modelling in order to estimate the impacts of
climate change. They produce estimates of the impacts based on assumptions
surrounding population and economic growth, the damages associated with
changing climate, the discount rate etc. From this, a figure for aggregate
damages for various scenarios can be derived.

Figure 3.1 illustrates the methodology of one of the leading IAMs: PAGE
(2002 used for the Stern Review and Defrabds
guidance. Social cost of carbon estimates are an output of this approach.

Clearly, this enterprise is a very challeng

modelling and assumptions over several layers i both economic and scientific
I and a series of complex projections over more than a hundred years.

ol Hope (2006), Yale Symposium on the Stern Review (2007), available online at:
http://www.ycsg.yale.edu/climate/forms/Full Text.pdf
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Figure 3.1: Integrated assessment modelling - Summary
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Source: Hope (2005)

Figure 3.2 below summarises a few of the major uncertainties and their
correlation with estimated damages from the PAGE 2002 model (as used for
the Stern Review). As can be seen, assumptions regarding both economic and
scientific factors can have a major impact if they are changed, demonstrating
how the level of uncertainty involved can translate into different estimates for
damages.

Figure 3.2: Sensitivity of SCC estimates to different modelling parameters

Climate sensitivity _063
-OAIG_ Pure time preference rate
Impact function exponent - 0.273
Non-economic impact _ 0.262
0194 [ Haif tfe of climate change
‘0.187- Equity weight parameter*

Economic impact -0,164

-1 -0.5 0 0.5 1
Correlation Coefficients

* Negative of the elasticity of the marginal utility of consumption 18
Source: Hope (2006)

B, Hope (2006), Yale Symposium on the Stern Review (2007), available online at:
http://www.ycsg.yale.edu/climate/forms/Full Text.pdf
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Of particular relevance to this consideration of the social cost of carbon is the
uncertainty that exists over the valuation of climate change damage. We have
increasingly rich knowledge of climate change impacts, but they are extremely
difficult to value precisely in the form of an integrated model. For this reason an
approximationisusedi aso-cal | ed O6damage functiono6.

The damage function in integrated modelling tends to be highly stylised. For
example, some models use simple functions with an exponent of 2, i.e. a
quadratic function. Convex damage functions are standard, and seem
reasonable, as it is likely that each increment of temperature change brings a
larger incremental change in damage. However, the evidence for using a
quadratic, rather than, say, a cubic function is not strong.'® Changing
assumptions can have significant impacts on results.

The PAGE2002 model (used in the Stern Review, and therefore the basis of

Defradés Shadow Price of Carbon guidance) us
exponents, with a range of parameter values of < 1, 1.3, 3 >. As such, the

uncertainty around the exponent in damage functions is reflected in this

distribution. The Stern SCC estimates are mean values of the range of SCC

estimates that arise from modelling many different combinations of PAGE2002

model runs. Whereas the mean will reflect a range of potential outcomes, for

public policy choices which are concerned with risk of very bad outcomes, it

would be sensible to consider the SCC distribution on the whole, rather than

just the Oaverageobomésof the modell ed) out

PAGEG6s probabilistic approach to modelling
approach to modelling than some others, by avoiding single values for
parameters. The random combination of parameters allows for various
combinations of assumptions for different parameters, a valuable
characteristic. However, it has been suggested that even this approach is
incomplete as the number of parameters and their possible values mean that it
is not possible to model all potential combinations. As a result, the distribution
of SCC outcomes may be truncated (at both ends, although the concerns are
on the up side where there are the uncertainties over catastrophic impacts).
Combined with the fact that the parameter values at the extremes of parameter
distributions are less likely to be picked, it could be that such extremes are
underrepresented in sampling.

A further part of this uncertainty relates to risks of very damaging, or indeed

catastrophic, outcomes. Knowledge around the science and economics of such

possibilities is not currently well understood. While knowledge of where so-

called o6tipping pointsd may be is increasin
occur at such tipping points are not well understood, and neither is the speed

at which impacts accrue. If these are not modelled completely T which is not

“Stanton, Ackerman and Kartha (2008) Alnside th
|l ssues in Climate Economicso. Somer v-iU.S. EenterMA , S
Available at: http://www.sei-us.org/WorkingPapers/WorkingPaperUS08-01.pdf
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possible if knowledge is incomplete - then estimates of the social cost of
carbon are also incomplete.

As a result of the above, there is a high degree of uncertainty in estimates of
the social cost of carbon. As noted in DEFRA (2005), estimates of the social
cost of carbon range from zero to over £1000/tC, depending on uncertainties in
climate and impacts, coverage of sectors and decision variables.

In addition to the uncertainties in modelling the impacts that are included in the
model, there are some impacts which are altogether excluded from modelling.

As noted by some of the peer reviewers of the previous Defra SPC paper,
current SCC estimates may be an underestimate of the SCC. This is because
of the presence of some unquantified (and hard to quantify) impacts such as
socially contingent effects. These are the second-round impacts of climate
change, such as the cost of mass migrations from inundated countries. Had
such impacts been quantified, the SCC (and of course aggregate damage
costs) would have been higher. Therefore, basing the optimal course of action
solely on estimates of the social cost of carbon may lead to less than optimal
trajectories of emissions. Aheresulist e d
presented [below] should be viewed as indicative only and interpreted with
great caution. Given what is excluded, they should be regarded as rather
conservative estimates of costso.

In addition, Stanton, Ackerman and Kartha (2008) also note that damages are
often modelled as reductions in income in a given year, whereas it is likely that
some will actually impact upon the capital stock, therefore having multi-period

effects.

Finally, it is very difficult to determine the optimal solution based on the social
cost of carbon when there is path-dependency present. Path dependency
requires an atmospheric concentrations pathway to be chosen in order to
adopt a particular SCC. But atmospheric concentrations are themselves
optimised, based on an equalisation of the SCC and marginal abatement costs
(dynamically). Since the SCC is itself dependent on concentrations, there is a
clear problem of endogeneity present.

It is important to note that this uncertainty does not mean that the estimation of
climate change damages through Integrated Assessment Models (IAMs), and
other outputs of these modelling exercises can be discarded. It is vital that
targets be set using the most robust evidence available and Government
continues to invest resources into improving understanding of the underlying
science (through Hadley centre climate modelling) and economics (through
further Integrated Assessment Modelling). Chapter 10 sets out the further work
in hand to improve our knowledge of damage costs.

0 Stern et al (2006)
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Given the significant uncertainties in estimates of the social costs of carbon
based on integrated impact assessment modelling, such modelling should only
be one input into the target-setting decision-making process. In particular,
decisions on targets will also take other scientific information, and the
associated uncertainties, into account and will be supplemented by other
judgements i e.g. regarding the acceptable level of risk that we wish to bear of
potentially catastrophic events owing to extreme temperature rises.

The relationship between the concentration of greenhouse gases (GHG) in the
at mosphere and the temperature ri se
have had time to adjust to the concentration of greenhouse gases) is
summarised in Table 3.1. There is uncertainty in how much the climate system
will respond to GHG concentrations through feedbacks, and consequently
there is a range of possible equilibrium temperatures for any stabilised level of
greenhouse gases. Decision-makers may take such evidence into account
during the target-setting process.

Table 3.1: Temperature at equilibrium for different GHG concentrations.

Temperature increase at
equilibrium
Stabilisation . : .
. (relative to pre-industrial
level (Zz;nCOzl temperatures)
. Likely range (i.e.
Best estimate 66% chance)
350 1.0°C 0.671 1.4°C
450 2.1°C 1.47 3.1°C
550 2.9°C 197 4.4°C
650 3.6°C 247 55°C
750 4.3°C 2871 6.4°C
Source: Technical Summary of . WG 1| 6s

The relationship between GHG levels and temperature can be used to
calculate the probability that equilibrium temperatures will be exceeded at
different stabilisation levels. For example, Table 3.2 shows the probability that
equilibrium warming will exceed 2°C for different stabilisation levels.
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Table 3.2: Probability that temperature rise will exceed 2°C at equilibrium
for different stabilisation levels.

e Probability of exceeding 2°C at
Stablllsatlo_r_l level equilibrium
(PPmCO:1 eq) Average and (minimum-maximum)
350 7% (0-31%)
450 54% (26-78%)
550 82% (63-99%)
650 92% (82-100%)
750 96% (90-100%)

Source: Meinshausen (2006).
Scientific evidence also shows how emissions need to change to achieve
stabilisation goals. For instance, the WG lll Reportof t he | PCC6s Fourth
Assessment Report concluded that in order to stabilise greenhouse gas
concentrations at about 450ppm (giving a best estimate of 2.1°C warming at
equilibrium), global CO, emissions would need to peak by 2015, fall to at least
50% below 2000 levels by 2050 and continue to decrease thereafter (as shown
in Table 3.3).

Table 3.3 Emission pathways to stabilisation

Peaking year for | Change in COqi eq Global average
CO, emissions global CO, concentration at | temperature
emissions in stabilisation increase above
2050 relative (ppm) pre-industrial at
to 2000 (%) equilibrium (°C)
2000-2015 -85 to -50 445-490 20-24
2000-2020 -60 to -30 490-535 24-28
2010-2030 -30to +5 535-590 28-3.2
2020-2060 +10 to +60 590-710 3.2-4.0
2050-2080 +25 to +85 710-855 4.0-4.9
2060-2090 +90 to +140 855-1130 49-6.1
Source: Technical Summary of WG |1 6s Report t

The relationship between GHG emissions and atmospheric GHG
concentrations is uncertain because the way in which the carbon cycle will
respond to changes in climate is not yet fully understood. This, combined with
the uncertainty in the relationship between GHG concentrations and
temperature, means that the temperature change that will result from any given
emissions pathway is also somewhat uncertain.

% M. Meinshausen (2006) "What Does a 2°C Target Mean for Greenhouse Gas
Concentrations? A Brief Analysis Based on Multi-Gas Emission Pathways and Several Climate
Sensitivity Uncertainty Estimates." in H. Schellnhuber, et al., eds. Avoiding Dangerous Climate
Change (Cambridge University Press, New York, 2006).

20



Carbon Valuation in UK Policy Appraisal: A Revised Approach

The Committee on Climate Changebd6s anal ysi s
peak in 2016 and then fall at between 3% and 4% per year, with emissions of

other greenhouse gases falling at consistent rates, there is a 37-44% chance

that temperatures will remain below 2°C in 2100. If, however, they peak in

2028 and then fall by 3% per year, there will only be a 17% chance of

temperatures being under 2°C in 2100.%

Decision-makers must take into account the risks of different levels of warming,
and adopt a target with an acceptable level of risk. The higher the temperature
change, the greater the risk of dangerous climate change impacts.

The Committee on Climate Change (CCC) took each of these factors into
account when formulating its advice to the Government regarding the
appropriate long-term emissions reduction target for the UK. Specifically, they
evaluated the scientific evidence and concluded that in order to minimise the
risks of dangerous climate change, the central estimate (i.e. 50/50 probability)
of temperature rise in 2100 should be kept as close as possible to 2°C above
pre-industrial levels and that the probability of 4°C should be kept to very low
levels (below 1%). They then identified emissions pathways that met these
criteria, and used these to calculate the emissions reductions needed by the
world, and by the UK, to follow these pathways. Based on this analysis, they
recommended a reduction in emissions for the UK of 80% below 1990 levels
by 2050, and this has been set in law through the Climate Change Act.

In its advice, the CCC recognised the possibility of significant discontinuities in
damage costs. For example, its recommendation that future emissions should
only allow a very low probability (less than 1%) of a global temperature
increase of 4°C was based on the recognition that exceeding 4°C could have
potentially catastrophic, but very difficult to value, outcomes. The possibility of
such tipping points is one key argument for a move away from marginal
damage cost estimates in appraising individual policies, and towards a target-
consistent approach, once the overall target has been set.

The UK Government funds world-leading climate research and modelling at the
Met Office Hadley Centre (MOHC)*, aimed at reducing uncertainty in climate
science that will narrow the range of uncertainty in temperature projections.
The Government is also funding new research under the AVOID programme?*
that integrates mitigation analyses with climate science on dangerous climate
change, to increase understanding of likely global, regional and local impacts
and their environmental and social consequences. For the UK, the
Government has recently published its UK Climate Projections 2009, based on
probabilistic modelling undertaken by the MOHC. These will provide
information to a wide range of decision-makers on a range of possible climate
futures in the UK during the remainder of this century.

?2 Building a low-carbon economyit he UK®&s contribution to tackIling cf
Report of the Committee on Climate Change, December 2008.

23 http://www.metoffice.gov.uk/climatechange/
24 http://www.avoid.uk.net/
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As a result of the uncertainties discussed above, the SCC that formal
integrated assessment models would suggest is consistent with a given
stabilisation goal may not be equal to the marginal abatement cost that would
need to be incurred to allow the world to reach that goal.

However, even if that uncertainty could be overcome, a second issue is raised

by the fact that UK emissions reductions targets are derived not just by a

global stabilisation goal but also by international agreements that divide up the

burden of achieving an overall emissions reductions goal into individual country
commitments. In the absence of a comprehensive trading regime, these

commitments will imply different marginal abatement costs for each individual

country.? It therefore follows that there is no reason to believe that a global

SCC i even if we were confident it was accurate - will be consistent with a
particular countryds emissions reductions
international trading regime is not in place.

% With a global trading regime, there will be a single marginal abatement cost, which all
participants will face. The initial burden sharing decision will not affect this. This is discussed
further below when we consider valuing emissions reductions in sectors covered by the EU
ETS.

22



Carbon Valuation in UK Policy Appraisal: A Revised Approach

Chapter 3 showed that adopting a damage cost-based approach would not
necessarily lead to a carbon price in appraisal which is consistent with
reaching a given emissions reductions target. Policymakers and negotiators
may set a target of 450ppm, 500ppm or 550ppm but this does not necessarily
mean that the SCC corresponding to these levels is consistent with:

1 the global marginal abatement costs required to reach such a goal; or
1 the marginal abatement costs that would need to be incurred in the UK
to enable national emissions reductions targets to be met.

This chapter proposes an alternative approach for valuing the carbon impacts

of policies and projects in impact assessme
consistentd approach. This revised approach
be used from now on, helping to ensure that policy design and appraisal are

consistent with the emissions reductions targets to which the UK is committed.

We first introduce the concept of target-consistent carbon valuation, before
arguing that the precise methodology for valuing carbon should differ
according to the specific policy question being addressed. The three policy
questions are:

1 How should we value carbon for the purposes of evaluating policies that
have an impact on emissions in sectors of the UK economy covered by
emissions trading?

1 How should we value carbon for the purposes of evaluating policies that
have an impact on emissions in sectors of the UK economy not covered
by emissions trading?

1 How should we value carbon for the purposes of setting and appraising
new emissions reductions targets?

AMAC-based ofcodmtsarsgetnt 6 price of carbon invo
carbon that is consistent with the level of marginal abatement costs required to

reach the targets that the UK has adopted i either at a UK, EU or international

level. This is illustrated, in simplified form, below in Figure 4.1 which illustrates

how a 6basgsetentd carbon val wmdersaaing d be set
of emissions projections and abatement options, we can determine the effort

|l evel , A*, that is required in order to mee
from the abatement curve produces the carbon valuation level that is required

A

inordertob e 6 tcaorngseit®t ent 0 .

% This particular abatement curve relates to the non-traded sectors, as described below.
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Figure 4.1: Abatement cost curve

A Level of
£/tCO2e abatement
required to meet

target \

Carbon
price

>
A* Abatement

This alternative approach has been suggested by several commentators,
including some of those who peer reviewed the first draft of the Government6 s
shadow price of carbon paper. The paper published in December 2007
announced that Government economists would consider the case for adopting
this approach.?’

The target-consistent approach to policy appraisal outlined above clearly
marks a departure from standard social cost benefit analysis in which, as under
the previous SPC, the value of an externality is based on estimates of its social
cost. It is therefore important to be clear about the argument for moving in this
direction in the field of climate change.

The preceding chapter set out a key problem with the use of the social cost of
carbon in policy appraisal i it is very difficult to value accurately the damage
that climate change will create in the long term. Further, climate change
impacts are likely to be highly non linear, with temperature increases above
2°C leading to potentially catastrophic, but uncertain and very difficult to value,
outcomes. Both of these characteristics raise fundamental problems for
calculating marginal damage costs and provide the key argument for a move
away from social cost of carbon estimates in appraising individual policies, and
towards a target-consistent approach, once the overall target has been set.

o http://www.defra.gov.uk/ENVIRONMENT/climatechange/research/carboncost/
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The use o-tonssté@tnardbgeatpproach in appraising pc¢
climate change impacts will also have two types of beneficial outcome:

(i) Meeting targets: The revised approach will provide greater levels of
confidence that climate change targets can be met. Using a value of carbon
that is not equal to the carbon price implied by agreements will lead to either
over or underachievement relative to targets.

Adopting an explicitly target-consistent valuation will also strengthen the cost
effectiveness of policy-making: having such a value focuses attention on
reaching our targets at least cost, preventing expensive emissions reduction
policies or policies that, by increasing emissions, will need to be offset
elsewhere, would impose a disproportionate cost on the rest of the economy.

Finally, at the EU level the approach will minimise the risks of potentially costly
infraction proceedings against the UK.

(ii) Avoiding potential free-riding: The global public good nature of GHG
emissions means that there is an incentive for countries to hope that others
act, whilst free-riding on the action taken by the world. This is most acute with
GHG emissions because of the perfectly-mixing nature of GHGs, leading to
their global public good characteristic.

In this context, a situation in which all countries independently adopted carbon
prices based on their own social cost of carbon valuation exercises would
exacerbate the risk of free riding, since such estimates are likely to vary
considerably and may not be consistent with agreed international obligations.?®
The use of a target-consistent approach, if used internationally, should
minimise the scope for such free riding.

It is important to recognise that the revised approach would not render
evidence on climate change impacts obsolete. As discussed in section 4.5,
such evidence is central in ensuring targets are set at the right level.

Moving to the revised approach would require us to define the targets from
which to determine marginal abatement cost. In doing so, it is helpful to
distinguish between short-term and long-term targets. Unsurprisingly, we
generally have more concrete information about the emissions reductions
required for short-term than for long-term targets i indeed we will have annual
trajectories until 2020 (for our European targets) and five yearly carbon
budgets, initially from 2008 - 2022 as set out under the Climate Change Act.
This section considers short term targets while the following section considers
longer term targets.

?® There has been interest in the UK approach to the SPC from other countries and
international institutions and we have an important opportunity in adopting a new approach to
send a strong signal about how emissions reductions targets should be mainstreamed in policy
development internationally.
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Short term emissions reductions targets for the UK exist at the UN, EU and UK
level. In relation to UN targets, the UK has a national target under the Kyoto
protocol to cut greenhouse gas emissions to 12.5% below 1990 levels in the
period 2008-12. The UK is projected to meet this target - UK greenhouse gas
emissions were 20.7% below 1990 levels in 2006 (including the effect of the
EU ETS). UN targets will of course be revisited when a post 2012 global deal is
secured, but then EU and UK targets will be determinative.

In relation to EU targets, there is a fundamental distinction between the traded
sector of the economy, and the non-traded sector. The traded sector of the
economy relates to all emissions which are covered directly, or indirectly (i.e.
electricity use), by the EU Emissions Trading System. The non-traded sector
covers the remainder of the emissions in the economy.

The European Commi ssionbs Climate and Ener i
binding emission reduction targets in the traded (i.e. an allocation of EU

allowances), and the non-traded sectors.?® The details of this package stipulate

that the UK must reduce emissions by 16% from 2005 levels by 2020 in the

non-traded sector. In the traded sector, the UK has been allocated a share of

the overall ETS cap for phase 2 and will have a share in phase 3.% In total,

these targets amount to a 34% reduction (on 1990 levels) for UK greenhouse

gas emissions (in the case of a European Union emissions reduction scenario

of 20% below 1990 levels).

1 Itis a key argument of the approach set out here that a clear distinction
needs to be drawn between these two sectors in determining the
appropriate value for carbon in the short term, as this allows for a more
accurate appraisal of policies, with respect to the costs and benefits to
the UK, and is consistent with our European obligations. We therefore
propose that, for appraising policies that reduce / increase emissions in
sectors covered by the EUETS until2 0 2 Ot raadbed price of carl
would be used. This would be based on estimates of the future price of

EUAs;
1 For appraising policies that reduce / increase emissions in sectors not
covered bythe EUETS(t he-Tdrmadmrd Sector®@nemntil 20:
tradedpr i c e o f weull bebused,dased on estimates of the
mar gi nal abatement cost ( MACjyadedequi red

sector emissions reduction target.
The sections below set out the revised approach to valuing emissions in
policies affecting these sectors in more detail, before exploring in greater detail
the pros and cons of the dual price approach.

¥ Some uncertainties remain, for example over the final size of the UK allocation of allowances
from the ETS New Entrants Reserve.

% Determined by the sum of allowances auctioned by the UK Government and allowances
freely allocated to installations in the UK.
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In the traded sector, UK emissions are capped under the EU ETS. Any
emissions savings made under capped sectors will result in a re-allocation of
the allowance to elsewhere in the EU T emissions reductions in this sector do
not result in any additional emissions reductions globally within any given cap
phase (and make no difference to the UKOSs n
say that they should not be pursued i they are a necessary contributor to
meeting caps by helping to reduce emissions at least cost. For example,
without downstream energy efficiency measures the cost of meeting our EU
ETS obligations would be far higher, leading to a large burden (and potential
competitiveness issues) on the energy-intensive sectors of the economy which
are directly covered by ETS.

It is not appropriate to value policies that increase or reduce emissions in the
traded sector using the social cost of carbon. This is because, under the EU
ETS, traded sector emissions are capped at an EU level: policies targeting
capped sectors do not therefore reduce aggregate emissions, but rather
enable the UK to meet a given cap. The value to UK society of an emission
reduction is the opportunity cost of not reducing that emission. Clearly, in the
traded sector, this is equal to the EU allowance price rather than the social cost
of carbon.®" 2

Figure 4.2: Abatement in the traded sector

A

£

EUA
price
f@ast

Policies to
the left
are cost-
effective

1 UK Government appraisal guidance reflects this:
http://www.defra.gov.uk/environment/climatechange/uk/ukccp/pdf/greengas-
policyevaluation.pdf

*To be precise, the value to the UK is very slightly in excess of the EU allowance price. By
reducing demand for allowances by one unit, there is not only the benefit of reduced allowance
costs for that traded emission reduction, but in addition there is the effect the reduced demand
of one unit has on the equilibrium market price. In reality, this effect is close enough to zero to
be ignored for marginal policy appraisals as the overall market of 2 billion tonnes of CO,e is
likely to dwarf any emissions changes. The same applies for increases in emissions, and the
cost of these. In the case of policies with significant emission reductions/increases, it is
sensible to test whether this applies.
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Figure 4.2 above illustrates the process

traded sector. It shows how valuing abatement at the EUA price would lead to
the rational outcome that abatement of emissions covered by ETS will occur up
to the EUA price. Abatement delivering emissions reductions below the
forecast traded sector price will produce a net benefit for the UK as the cost
incurred to deliver the emission reduction is less than the benefit of the
emission reduction (the EUA price). Clearly, the opposite is the case for
abatement measures delivering reductions above the forecast traded price i
the cost of such reductions exceeds the benefit.

As explained above, the non-traded sector refers to those emissions occurring
outside the EU ETS (direct and indirect). The EU has agreed a non-traded
target for the UK of emissions reductions of 16% below 2005 emissions (in the
case of the EU target remaining at emissions reductions of 20% below 1990
levels by 2020).

The Committee on Climate Change (CCC) made its recommendations on UK
carbon budgets*® in December 2008 and the Government set the level of
budgets on 1% June 2009. Should the carbon budgets adopted at some point in
the future imply binding targets in the non-traded sector that are more stringent
than those given by the EU, these targets would become the relevant yardstick
for the non-traded price of carbon.

0

Inthenon-t r aded sector we -tpragpeod eprtihae af 6dNambo

be used to value emissions changes in sectors not covered by ETS. Again, the
opportunity cost of emissions would be the cost of the marginal emissions
reduction. Figure 4.1 above provides an illustration of a MAC curve in the Non-
traded Sector.

This framework means that both the traded and non-traded sectors would be
brought into line, in terms of the basis of assessment i both would be based
on the necessary abatement costs required to meet targets. Clearly, the traded
sector figure is more visible, in that it has a market-revealed price i the EU
allowance price. For the non-traded sector, Government and the CCC have
been building up knowledge regarding abatement costs. The abatement
options in the curve will also be informed by a number of policy decisions, and
negotiations at the EU level regarding access to project credits (as well as the
UK Government position on such access). The methodology for calculating the
two prices is described in Part 2 of this paper.

In an ideal world only one price of carbon would exist across all sectors to
enable emissions reductions to be delivered cost-effectively. Indeed, it is such
an important tenet of environmental economics that applying a single carbon

33Buildingalow-carboneconomyTt he UK&és contribution to tackling

Report of the Committee on Climate Change, December 2008.
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price across the economy is more efficient than having multiple prices that the
proposal here to use two prices for valuation and appraisal purposes requires
further discussion. This section provides that discussion by setting out the
arguments for the revised approach and by comparing it with an alternative,
single price approach to carbon valuation in the short term (in a situation in
which different parts of the UK economy are in fact facing different emissions
reductions targets).

In framing this discussion, a key issue to recall is that there are currently
separate EU targets in the traded (ETS) and non-traded (non-ETS) sectors.
Current European Commission proposals mean that these are not fungible i
the consequence of this is that emissions in the traded and non-traded sectors

are essentially different 6commodi ti

needs to reflect this reality. It would not be sensible to use a carbon price to
appraise policies in the non-traded sector that is derived from traded sector
targets, or vice versa. The reality is that the existence of different targeting
regimes is likely to entail different implied target consistent prices across the
economy, at least in the short-term.3*

The existence of two carbon prices is not theoretically optimal from an
efficiency perspective, but it is the reality facing the UK economy, and given
this reality, the most cost effective regime is to have the implied prices
reflected in valuations in the different sectors. This is why it is necessary to
have traded and non-traded sector prices for appraisal purposes i in order to
reflect the actual costs and benefits of emissions increases and reductions,
given the targets in place. If, for example, the non-traded price of carbon is
much higher than the traded price of carbon, this is a signal that the target in
the non-traded sector is much more stringent for the UK and therefore that
more effort will be required to meet it. It may also be a signal that the balance
between the respective targets is unequal and that policy makers should look
to rebalance them in the long run, to the extent to which this can be negotiated.
For the purposes of our revised approach to carbon valuation, we assume that
this equalisation of prices is indeed achieved in the long run (i.e. that in the
future any such inefficiencies can be eliminated). This is discussed further
below.

¥ As noted below, we assume that this discrepancy ceases to exist in the longer term 7 from
2030 onwards.
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There is a more fundamental argument for treating emissions in capped
sectors differently to those in uncapped sectors. The impact of capping
emissions and allowing the free trade of allowances is to turn carbon into a
commodity which has different characteristics to uncapped carbon. Under the
ETS, policies that reduce physical emissions in the UK will not reduce global
emissions, which will be set by the cap. Instead they displace emissions
reductions elsewhere and produce resource cost savings to the UK valued at
the market price (the EUA price), reducing the overall costs of meeting the cap
and, if large enough, reducing the marginal cost, and hence the carbon price.

In the rest of the economy (the non-traded sector) emissions are not capped.
This means that, in policy appraisal terms, we are dealing with two distinct
commodities: resource costs valued at the allowance (EUA) price (the marginal
abatement cost) in the traded sector, and carbon valued at the marginal
abatement cost in the non-traded sector. The box below explores the possible
implications of valuing these different commodities at a single price for
appraisal purposes.

Box 4.1: What would be the impact of using a single set of carbon values
for policy appraisal in the short-run?

This paper argues that, given the binding nature of the policy regime described
above, a policy economist undertaking a cost benefit analysis would have to
make a distinction between impacts in the traded and non-traded sectors to
avoid a misallocation of resources. It is helpful to consider the implications if,
instead, a hybrid value was used in policy appraisal, perhaps derived by
averaging the marginal abatement cost in the non-traded sector and the EUA
price. If the empirical analysis contained later on in this document is correct
then the hybrid value would be between the lower EUA price and the higher
non-traded price of carbon.

In the traded sector this would lead to a higher value being applied to resource
cost savings than their true expected value i the expected future EUA price.
So, for example, in the traded sector, a policy which incentivised carbon
savings (T) at a cost above the EUA price could be deemed to be cost-
effective. If the policy cost £A/t above the EUA price, then the total costs of
delivering a set amount of carbon savings, the EU cap, would increase by
(EA)*T.

In the non-traded sector, the hybrid value would be below the marginal cost of
meeting the non-traded sector target and so would deem policies that were
part of a least cost delivery of the non-traded target to be cost-ineffective.
Either the hybrid value would lose its relevance for the selection of policies to
deliver the target (i.e. it would be ignored), or it would imply that insufficient
abatement policies would be developed to meet the non-traded sector target.
The lower hybrid value would also deem policies that increase emissions to be
more cost-effective than they would under the target-consistent value and, at
the margin, some emissions increasing policies would go ahead that otherwise
would not. This would mean either that the target is missed or that new
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abatement policies would need to be delivered at or above the marginal
abatement cost, leading to a higher cost of meeting the target and a net
welfare loss to society.

Potential dynamic issues arising from having two values

One potential risk associated with the revised approach is that T insofar as the
current split of effort between the traded and non-traded sector is inefficient -
the inefficiency of the policy regime may become entrenched in the long term
by the use of the two values in appraisal (e.g. through locking in more carbon
intensive infrastructure in one sector compared to the other).

However, this risk is mitigated under our the revised approach, which sees
long run traded and non-traded values converge in 2030, as discussed below.
Under this approach, the impacts of policies that have primarily short run
effects (e.g. a short lived tax that temporarily affects behaviour) will be
appraised correctly as outlined above while those that have long run effects will
see their longer run impacts appraised using a single price, thereby avoiding
the problem of locking in any inefficiencies in the current regime. Furthermore,
as outlined above, the existence of the two prices can act as a useful way to
highlight any inefficiency in the current regime, and encourage action to be
taken to reduce it.

I n summary, replacing the shadow price of ¢
price of <car boetnroa daendd par ificnedmesé twacddferdnto n o .

values provide responses to two distinct, but related sets of questions. The

non-traded price of carbon provides an answer to the following questions:

AWhat 1 s the maxi mum marginal abatement
incurred to ensure we can meet our emissions reductions targets in the non-
traded sector? What value should we assign to carbon for appraising policies
that increase emissionsinthenon-t r aded sector ?0

... while the traded price of carbon answers the question:

AWhat 1is the maxi mum cost per tonne abat
prepared to incur in developing policies to reduce UK emissions in the traded
sector? What value should we assign to carbon for appraising policies that
i ncrease emissions in the traded sector ?o0

Longer-term (post 2020) targets are less well specified than those applying in
the short term. For example, the UK does not have binding targets imposed by
the EU, in terms of an annual trajectory of required emissions reductions.
However, following advice from the CCC, Government has adopted a 2050
target for reducing emissions by 80% relative to a 1990 baseline, and this has
been set in law in the Climate Change Act.
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In its analysis, the CCC approached the setting of an 80% target by working

back from a global stabilisation goal, to the global agreement on emissions

reductions required to meet it, to a target for the UK via an assumption about

the appropriate burden-s har i ng regi me. The CCCb6s recomn
emi ssions in océeetrtralob axmetoat i aowvwd of gl ob:
increase of equal, or close to, 2 C. It also aims to ensure that a 4 C global

temperature increase is reached only with very low probability (less than 1%).

The CCC analysis suggests that in order to achieve such objectives in 2100, it
is necessary for global emissions to fall to 20-24 billion tonnes COe by 2050
(a 50-60% reduction below current levels), and fall further to 8-10 billion tonnes
by the end of the century. Such action would imply COe concentrations of
460-480ppm in 2200. The CCC believes an 80% reduction in UK emissions is
consistent with such a goal. We propose that, for the longer-term, the traded
and non-traded prices of carbon should be consistent with this goal, which has
been adopted by Government.

In principle, valuing carbon in the long term could follow the same split

bet ween the traded sector (-ftadedsedterd pri ce o
( 6 ntaded price of carbon 6 ) . However, while this split
EU targets, there is no reason to assume that this barrier between ETS and

non-ETS sectors of the economy will be maintained in the long term. Indeed,

since this is not an economically desirable situation in the long run i a single

carbon price allows emissions reduction targets to be met at least cost i it is

reasonable to assume that in the long run this divergence will be removed.

Accordingly, in the empirical work of Part 2 we assume that in the long run i
from 2030 onwards - there will be a comprehensive global trading regime in
place and therefore no distinction between the traded and non-traded sectors
of the economy. Therefore, the traded-and non-traded sector carbon prices for
use in appraisal will converge by 2030, to be replaced by an international
carbon price derived from global abatement cost models.

In the longer term, it is not appropriate to look at a UK-specific perspective
alone. Climate change is a global problem that will require a global response.
The long-term vision is of a world operating under a binding emissions cap,
with that cap set with the objective of reaching a globally-agreed stabilisation
scenario. In such a world, it is likely that there will be comprehensive
international trading of emissions allowances, as there is currently in the EU
ETS. Under the assumption of GHGs becoming an internationally traded
commodity, emissions reductions in the UK would be weighed up against the
possibility of purchasing allowances from the global carbon market. This
situation would be replicated elsewhere so that all countries weighed up
domestic abatement options against the alternative i allowances purchased
from elsewhere. In other words, each country would seek to reduce emissions
as cost-effectively as possible, whether at home or by buying in allowances
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from other countries. The barometer of this decision is the price at which
emissions allowances can be bought and sold.

The result of such tradability is that, for all emissions which are in the traded
sectors, there would be a single global carbon price. This price is the marginal
cost of emissions reductions i i.e. the marginal abatement cost i and therefore
this is the relevant carbon price, at which goals can be met at least cost, in the
longer term.

As the longer-term carbon values would be based upon the international
carbon price, the relevant analysis needs to focus on international emissions
projections, abatement costs and targets. There is a wide range of different
abatement cost models that forecast the abatement costs associated with
various stabilisation goals to 2050 and beyond. The models vary in their
structure, some being bottom-up energy systems models, others general
equili bri um model s. The Governmentoés Gl obal Ce
model*® is an example of an abatement cost model that uses such information
in order to project long-run carbon prices into the future. This combines
abatement cost information from energy CO,, as well as forestry/land-use and
non-CO; sources. This, itself, is combined with emissions trajectories that are
generated in order to be consistent with certain stabilisation goals. A more
detailed description of GLOCAF is given in Annex 2.

The carbon prices generated under such an approach are consistent with the
abatement costs required in reaching the chosen trajectory, just as with UK
targets. In the international context, however, emissions reduction targets are
the proximate, rather than ultimate, objectives. The emissions reductions
targets are the stepping stone towards the ultimate aim of specific stabilisation
targets. As such, long-term abatement cost models generate the necessary
emissions reduction path to meet a stabilisation goal.

What does this imply regarding the effort from individual countries? A single
global carbon price should not be confused with equal effort on the part of
countries. First, in a world without trading a single carbon price may imply very
different levels of effort from countries as a result of different underlying
abatement costs. But more importantly, and fundamentally, having a global
carbon price says nothing about burden-sharing in a world with a
comprehensive trading regime. It is not necessary to know how burdens are
shared in order to determine the appropriate price forecast i as long as trade
is free, the abatement cost information that we have will produce different
global carbon prices for different stabilisation concentrations. From this a
schedule for the carbon price can be determined, without making any
assumptions about burden-sharing. It may be that the UK allocation means
that we are a large net importer, for example, but given free trading the price
estimate is not affected.

* see: http://www.occ.gov.uk/activities/gcf.htm
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The combinationofshor t and | ong term targets
over time 1 i.e. what our required abatement is to move from business-as-
usual projections to the target. Clearly, the effort curve - alongside the
prevailing marginal abatement costs - will determine how the value of carbon
would change over time.

The revised approach proposal will not render the social cost of carbon
obsolete. As outlined above, the SCC represents our understanding at present
of the magnitude (in monetary terms) of the quantifiable impacts of incremental
GHG emissions, although some impacts may be excluded or modelled
incompletely (as described in Section 3). Therefore there is one particular type
of policy appraisal, in which it would still be appropriate to use evidence
relating to damage costs and the SCC. This is when the appraisal is of the
costs and benefits of overall climate change frameworks where the targets
themselves are being set. Clearly a target-consistent value of carbon could not
be used in order to inform target-setting exercises, as this would be circular.

Using damage costs alongside other evidence in setting targets would allow an
assessment to be made of whether the targets that are being set are broadly in
line with estimates of the costs of climate change, whilst recognising that there
are uncertainties around the estimation of climate change damages and also
that there are other factors that feed into such target-setting exercises.

The interrelationship between the SCC, traded and non-traded prices of
carbon under the revised approach is set out in more detail in the diagram
below. The SCC is not used in individual policy appraisal, rather it should be
used higher up the chain, to contribute in the setting of targets. More
accurately, it would be the outputs of IAMs on the whole in finding the optimal
level of concentrations that would be used (and from which the SCC is an
output).

The diagram below illustrates the interrelationship between the revised new
values for carbon. In the diagram, the traded and non-traded prices of carbon
represent the revised target-consistent approach, whereas the SCC/IAM
evidence is the figure that would be used to inform target-setting.
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Figure 4.3: Interactions between the SCC, Traded and Non-Traded Price
of Carbon
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As shown in Figure 4.3, IAMs and other factors (politics and negotiations etc,
as described above) would lead us to adopt a target. From this target and our
knowledge of abatement costs, we can derive target-consistent values for
carbon. It is important to note the feedback loop that would be in operation i if
realised abatement costs are higher or lower than expected, then this would
feed into the modelling for IAMs and other such exercises, possibly leading to
a reassessment of targets. Equally, new information on damage costs would
feed into any reassessments of targets.

The revised approach will therefore ensure that economic and scientific
evidence is helping both to inform the setting of the goal, and the way in which
policies are developed to meet the goal, in a transparent fashion. If, for
example, the evidence suggested that the target-consistent price of carbon
was so out of line with estimates of the social cost of carbon that the
stabilisation goal is called into question, the appropriate response would be to
seek to adjust the targets T through the processes that exist for doing so 1
rather than retain the targets, but adjust the value of carbon to a level that is
inconsistent with them.®

In the course of 2009 there has been a process underway across Government

for setting carbon budgets for the next 15
recommended levels. This process has been used to revise our valuation of
carbontoensureitisset on a Otarget consistentd basi s
that has been undertaken to inform this exercise is described in more detail in

Part 2 of this document.

* This example assumes that the disparity is not due to a particularly stringent or lax burden
share for an individual country.
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Part 1 of this document considered the rationale for and overall approach
associated with moving towards using abatement rather than damage costs as
the basis for valuing carbon. Part 2 provides the empirical counterpart to the
previous section, setting out how the traded and non-traded prices of carbon
have been quantified.

The previous approach to valuing carbon in appraisal i basing it on an
estimate of the social cost of carbon i is set out in Part 1 of this paper. Such
an approach relies on modelling climate damages from integrated assessment
modelling.

Moving to a target-consistent valuation requires in-depth abatement cost
modelling. Evidence on abatement costs is continuously improving, particularly
recently across government. This review draws on work that has been carried
out within government on national and international abatement costs. There
are important methodological issues to be considered with such an approach,
which are explored at a general level in the following sections of this chapter
and in more detail, as they relate to the detailed estimation of the traded and
non-traded prices of carbon, in Chapters 6, 7 and 8.

The steps required in order to estimate a target-consistent price are, in theory,
fairly straightforward. For a given set of emissions projections and emissions
reductions targets, in each year, there is a gap between baseline emissions
and the target consistent emissions levels. This gap needs to be filled by
reducing emissions. Clearly, the level of emissions reductions which are
required in any given year will have an impact upon the marginal abatement
cost i assuming a rising marginal abatement cost curve®” i and therefore the
target-consistent price of carbon. This is illustrated below. Figure 5.1 shows an
illustrative emissions gap, produced by a divergence of baseline and target
emissions levels. Figure 5.2 demonstrates how the information on the gap -
with required abat eimfedirtoaiMAC cureeata produdeao f &6 X0
value for the price of carbon.

%" The standard assumption to make regarding abatement costs is that they are rising with the
quantity of abatement required (or at least they are non-decreasing). This is intuitive, as the
abatement curve represents the supply of abatement measures, which like other supply curves
is upwards sloping i supply will increase the higher the price. Abatement measures clearly
follow such a pattern as successive measures cost increasing amounts per unit abatement.
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Figure 5.1: Baselines, targets and gaps
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Figure 5.2: Gaps and marginal abatement cost curve (MAC)
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5.3 Emissions projections

It should be noted that it is important to ensure that the abatement cost curves
being examined are consistent with emissions projections. For example, if a
policy is targeting a certain portion of abatement and emissions projections
already account for this then the relevant abatement potential needs to be
removed from the abatement curve. If this is not done, the abatement potential

will be double-counted, leading to an overly-optimistic view of additional

abatement options(i.e. in addition to that foreseen in emissions projections),
and resulting in a carbon valuation which is lower than that required to be
target-consistent. Additional emissions reductions are not relative to a flat

baseline of todayoés | evel
trend that may be increasing, decreasing or, flat.

of

e mi

S Si

The importance of using robust emissions projections is clear. If a flat baseline
was used when the BAU is in fact increasing then the target-consistent price of
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carbon would be under-estimated, and equally the target-consistent price
would be over-estimated if the BAU trend was decreasing. The BAU trend for
global emissions is rising, whereas that of UK (including current policy
measures) emissions is falling.®

Short-term emissions projections are taken from the DECC Energy Model. The
model can be briefly summarised as below:

1 The DECC Energy Model is a partial equilibrium model of the UK energy
market.

1 The demand side comprises over 150 econometric relationships of
historic fuel demand for Residential, Transport, Industry, Service and
Agriculture sectors.

1 The supply side comprises data on every major power producer and
other energy producing industries.

1 The model requires a number of assumptions, principally on fossil fuel
prices, economic growth and demographics.

Although these projections are subject to uncertainty (as with any forecasting
tool) and are revised periodically, they represent the best available evidence
on which to base estimates of the necessary emissions gap.

% please see the latest projections, available online at: http://www.berr.gov.uk/
files/file48514.pdf
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Chapter 4 set out the rationale for adopting a traded price of carbon for the
traded sector of the economy. This chapter sets out how the short term traded
price of carbon has been estimated for use in policy appraisal.

Observed market prices could be the best short term estimates of the traded
price of carbon for the 2008-2020 period but, because the EUA forward market
provides reliable prices only up to 2012, this is not possible. Two possible
approaches are available to overcome this problem. A first method would
supplement observed prices with modelling estimates where market data are
not available. A second approach would rely exclusively on marginal
abatement cost modelling, either from the European Commission or DECC
internal models. This chapter assesses these two alternative approaches and
adopts a modelling approach based on the DECC model.

Observed market values could be used to estimate the carbon price in the
traded sector but this is possible only up to 2012 because no market price
estimates are available for the 2013-2020 period. This problem could be
overcome by complementing the observed values with estimates derived from
a model.

Over the Phase Il of the EU ETS (2008-2012), the traded price of carbon could

be proxied by the EUA forward curve that r
allowances price in the rest of Phase Il. For instance, the average price of the

futures contract for each year of Phase Il could be used, perhaps based upon

daily prices for the past 12 months preceding the publication of the schedule.

Unlike Phase Il, there are no market data available for Phase Ill. Indeed, the

EUA forward curve currently only extends to 2014, and it has been reported

that little interest has been shown in the 2013 and 2014 contracts; trade has so

far been only symbolic. Thus, in the absence of a liquid traded market for

allowances post-2012, estimates of the traded sector can only be obtained

from a model (see below for a discussion). One problem with combining

market and model based estimates is that it implies a significant jump in the

carbon price in 2013 (see Figure 6.1). For instance, if the European

Commissiond6 s mode | i's used the cfomBl®m2q12 i ce wou
to £21 in 2013.
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Figure 6.1: Market and model based estimates
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The approach discussed above derives the estimates of the traded price of
carbon up to 2020 as a combination of market data and modelling estimates.
Alternatively, model based estimates (either from the European Commission or
from DECC) could be used for the same purpose. These two modelling
approaches and the resulting price schedule are discussed below.

DECCb6s carbon price model provides an estin
2008-2020 period. This estimate is determined as an equilibrium price in the

carbon market under the assumption of unlimited banking between compliance

years within and between Phase Il and Ill. The demand side is driven by the

amount of abatement effort as proxied by the difference between the total cap

on emissions in the EU ETS and BAU emissions. The supply of EUAs is

primarily determined by the sum of abatement possibilities from short term fuel

switching potential in the electricity generation sector and the supply of CDM

credit.

Underlying fossil fuel price assumptions ar
carbon price model (Table 6.1) and the different fuel price scenarios can lead

to carbon price differences of up to 15 £/t (from low to high). Low fossil fuel

price assumptions translate into a lower carbon price as a fall in the price of oil

and gas (relatively to the coal price) would make fuel switching from coal to

gas (the main source of abatement in the power sector) more attractive and

incentivises abatement at lower carbon prices.
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Table 6. 1: DECC model 6s average i 020 ce est.i
period under different fossil fuel price assumptions

Fossil fuel price Carbon price
assumption (2009 £11)
Low 13.0
Central 23.0
High 28.7

The estimated carbon price needs to be adjusted to take into account the

opportunity cost of investing in EUA as opposed to hold the money in cash.

This opportunity cost (or Acost of carryo
with the risk free rate as proxied by the EURIBOR (a nominal rate of 3.5% was

used in this section), which is felt the most representative of the European

nature of the ETS.*

In the EU ETS impact assessment, the European Commission provided an
estimate of t he c¢ al00%poiaces)ip 20R0c khis esfimatéwwa®d (i n 2
based on partial equilibrium PRIMES“’ on the bases of several policy

assumptions including meeting the overall GHG emission reduction, the RES

and biofuel targets. But it is still unclear whether this estimate refers to the

price in 2020 or to the average inter phase price. In the following we have

assumed that the estimate refers to the carbon price in 2020 and discounted

the recommended carbon price in 2020 using the EURIBOR rate to obtain the

price schedule for the 2008-2020 period (see Table 6.2 below). Another

problem with the European Commission0 s appr oach i s that we dc
direct access to the modelling used and so we would not be able to flex crucial
assumptions such as the fossil fuel prices.

In addition to the European Commission estimates, four other long term model
based forecasts of the EUA prices in 2020 have been considered. Two of
these forecasts fall within the range produced with the DECC carbon price
model but are above our central estimate. By contrast, the New Carbon
Finance and Deutsche Bank forecasts are well above the range. One important
difference between the New Carbon Finance and the DECC internal estimates
is that the former has relaxed the perfect foresight assumption over the 2008-
2020 period. This is considered the main explanation for the significantly higher
2020 forecasts provided by New Carbon Finance. In comparison with the
DECC model, the Government has limited information on the structural
assumptions underlying these additional forecasts. Therefore, it would be
difficult to achieve a carbon price that is consistent with other assumptions

(e.g. fossil fuel price, GDP etc) used across government department.

% This definition of the opportunity cost of investing in the EUA is quite conservative relative to
estimates provided by other private investment banks. For instance, one bank includes a 5%
premium on top of the risk free rate in order to capture the fact that investing in EUAs is likely
to be riskier than investing in government bonds and investors are risk adverse.

“% http://ec.europa.eu/environment/climat/pdf/climat_action/analysis.pdf
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Table 6.2: Carbon Price Forecasts in 2020

Carbon Price Forecasts Date 2009 GBP
New Carbon Finance* May-09 36.8
DB Research* May-09 34.9
Barclays Capital*® May-09 28.8
Societe Generale** May-09 27.3
European Commission® IA 2008 31.1
DECC Carbgn price _model Latest 25.1
(central fossil fuel prices) (14.2-31.3)

The table below reports estimates of the traded price of carbon adjusted for the
cost of carry up to 2020 using the two approaches discussed above. The price
estimates are expressed in 2009 prices and converted in pounds using the five
year average of the A/ G nominal exchange r a

As discussed above, DECC carbon price estimates are sensitive to changes in
fossil fuel price assumptions. By contrast, DECC does not have access to the
model used by the European Commission to estimate the carbon price in 2020
and therefore cannot assess its sensitivity to such changes.

On the assumptions made above, estimates from the European Commission

tend to be | ower than DECCOG6s (at central an
assumptions) at the beginning of the period but they become closer toward the

end.

For comparison, the carbon price estimates obtained with this approach are
slightly below the previous SPC values for the 2008-2020 period. The traded
carbon price is within a range between £12 and £26 in 2008 and between £14
and £31 in 2020 whereas the SPC increases from £27.2 in 2008 to £34.4 in
2020.

*1 New Energy Finance, May Deep Dive
“Deutsche Bank, Global Markets Research, fdCarbon Em
gle}/lay 2009)
Barclays Capital Carbon Market Standard (May 2009)
* Société Générale Commodities Research, Fundamentals Update (May 2009)
“5 http://ec.europa.eu/environment/climat/pdf/climat_action/climate_package ia_annex.pdf
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Table 6.3: Traded carbon price profile (£2009)

(£2009) 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020
DECC

119 | 121 | 123 | 124 | 126 | 128 | 130 | 132 | 134 | 136 | 138 | 140 | 142
Low FFP
DECC

210 | 213 | 216 | 220 | 223 | 226 | 230 | 233 | 237 | 240 | 244 | 247 | 251
Central FFP
DECC
. 262 | 2666 | 270 | 274 | 278 | 282 | 286 | 291 | 295 | 299 | 304 | 308 | 313
High FFP
European 97 | 127 | 137 | 159 | 182 | 205 | 228 | 249 | 268 | 285 | 208 | 307 | 311
Commission
Market with
European 166 | 143 | 148 | 153 | 160 | 205 | 228 | 249 | 268 | 285 | 208 | 307 | 311
Commission
Market with
DECC 166 | 143 | 148 | 153 | 160 | 226 | 230 | 233 | 237 | 240 | 244 | 247 | 251
(central)
Previous 272 | 277 | 283 | 288 | 294 | 299 | 305 | 312 | 318 | 324 | 331 | 337 | 344
value of SPC

Observed market prices would be the best estimates of the traded price of
carbon for the 2008-2020 period but this is currently not possible for the whole
period because the forward market provide reliable prices only up to 2012. As

discussed above, complementing observed market data with modelling

estimates is likely to lead to significant jumps in the carbon price schedule.
Further, observed market data are likely to be relatively volatile requiring very
frequent updates if the data are to be accurate, potentially undermining the
stability of the policy appraisal regime. The EU ETS market is rapidly
developing with prices changing rapidly. While it is important that estimates are
up-to-date, there are also important considerations in terms of the stability of
estimates for appraisal guidance and the time-dependence of our policy

assessments.

On balance, for the reasons above a modelling based approach was

exclusively used to derive the estimates of the traded sector for the 2008-
2020 period rather than a combination of observed market data and modelling.
The issue then is whether these estimates are based on the European
Commission or the DECC modelling approach.

The carbon price profile inferred from the European Commissiond s
steeper than the DECC internal projections (assuming central fossil fuel price
assumptions) suggesting a lower carbon price at the beginning of the 2008-
2020 period and a higher carbon price at the end of the period (Figure 6.2).
Relative to observed market prices up to 2012*°, DECC (central fossil fuel
price assumption) estimates have tended to be higher than observed prices

esti mat es

*® This is proxied by the average price of the futures contract for each year of Phase Il based
upon daily prices for the past 12 months preceding the publication of the schedule. Latest EUA

forward price included 20 May 2009.
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whereas the European Commission estimates have generally been lower than
the observed prices until 2010 but higher in 2011 and 2012.

There are several reasons for basing our estimates of the traded carbon price
on the DECC internal carbon price model. First, and crucially, in contrast to the
European Commissiondb s esti mates, the underlying
structure used in the DECC model are well understood, readily available and
may be adjusted as desired. Second, use of the DECC model would provide
consistency between internal analyses of the EU ETS and wider analyses. For
example, the DECC carbon model estimate have been already used in the
overarching impact assessment to evaluate the costs for the UK in the traded
sector. Finally, using the DECC internal carbon price model would be
consistent with the approach taken by the Committee on Climate Change in
their recent report to estimate the carbon price in 2020.

Figure 6.2: DECC vs. European Commission price profile
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We have therefore estimated the short term traded price of carbon using the
DECC model and derived the range of estimates by running the model under
low, central and high fossil fuel price assumptions. Using this approach, the
short term traded price of carbon in 2020 is £25 (central estimate) with a range
of £14 (low sensitivity) and £31 (high sensitivity). The new values are shown
graphically in Figure 6.3.
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Figure 6.3: Short term traded carbon price (2008-2020)
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The2 020 targets for UK emissions reductions
ondgamaded sector 6 dungbledPad 1 df thicpaperthertiora o n

argued that, up to 2020, a separate traded sector price of carbon and non-

traded sector price of carbon are required. This chapter provides the empirics

underlying the valuation of the non-traded price of carbon up to 2020 and

presents the new values.

The marginal abatement cost (MAC) curves developed by the Committee on
Climate Change have been used as the basis for the empirical work alongside
analysis provided by Government Departments.*’” The MAC curves
represent feasible technical abatement potential and should not be
confused with policy options. The resulting non-traded price of carbon
provides a benchmark against which the cost-effectiveness of UK policy
options affecting emissions in the sector can be assessed. The policies
developed to meet carbon budgets, which have been assessed against
this new benchmark, are presented in The UK Low Carbon Transition
Plan (2009).%®

A number of specific issues are raised in the chapter in relation to the
application of these curves to the task of producing new values. A way forward
has been suggested in each case, and a range of scenarios considered,
leading to a new central estimate of £60/tCOze in 2020 with a range of +/-
50% (i.e. £30/tCOe low sensitivity and £90/tCO.e high sensitivity).

The non-traded price of carbon will be used both for policies that reduce
greenhouse gas emissions in the non-traded sector and policies that increase
them. Where a policy can reduce emissions at a cost below the non-traded
price of carbon it is delivering part of the least cost potential from the UK
economy i the policy is therefore cost-effective. Where a policy is increasing
emissions but the benefit from the policy per unit increase in emissions is
greater than the non-traded price of carbon, social welfare would be increased
by allowing the policy to increase emissions and introducing the marginal
abatement policy to deliver compensating reductions in emissions.

*" Department of Energy & Climate Change, Department for Transport and Department for the
Environment, Food and Rural Affairs.
48 http://www.decc.gov.uk/en/content/cms/publications/Ic_trans plan/lc_trans plan.aspx
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A value of the non-traded price of carbon that is either too high or too low will
compromise its usefulness. A figure that is too low will result in some cost-
effective policies appearing non cost-effective. It will downplay the costs
associated with policies that increase emissions and understate the cost of
introducing a compensating policy. A figure that is too high will be too forgiving
in the judgement of which carbon reduction policies are cost-effective and
overly prohibitive of policies that increase emissions.

For these reasons it is important to develop a methodology that, to the best
available data, provides a realistic assessment of the marginal cost of meeting
t he UK-fraledsextor target.

There are several requirements for the process of providing a valuation for the
non-traded price of carbon. The analysis requires:

1 An abatement cost curve defined against a given baseline;

1 A target for emissions reductions;

1 A decision on the cost and volume of abatement to include in the
abatement cost curve, covering both domestic abatement and access to
overseas carbon credits; and

1 A method of translating a point estimate into a price schedule.

There are in principle two basic methodological options for defining an
abatement cost curve for the purposes of calculating the non-traded price of
car bon:y (pio)l iac yoohaMiAC iQuravef easi bl e t
6by policyd MAC would bring togethe
abatement that different policies (actual and potential) are expected to deliver,
by when and at wvbhaet tceocshtn.i ¢ aA 66 fMRAC s, i
based on assessments of the abatement that could be brought about by the
actions and behaviour of individuals and firms (e.g. installing insulation). Under
this approach, technical potential from measures could be adjusted to reflect
limitations on feasibility such as supply side constraints, and the cost of the
abatement adjusted to reflect the average anticipated policy costs of delivering
the measures.

The choice between policy or technical feasible MACs in part involves trading
off the greater accuracy of individual assessments of the former (since they
can incorporate specific information on policy costs and the deliverability of
abatement through policies) and the greater independence and
comprehensiveness of the latter. Having considered the options above we
have used the ¢6feasible techni cteatled
price of carbon (i.e. one based on technical potential, adjusted for
feasibility). This should:

1 provide greater assurance over the comprehensiveness of the analysis;
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1 provide a stronger external benchmark for policy appraisal thereby
avoiding risks of circularity; and

1 relate more clearly to the work carried out by the CCC (which developed
a technical potential MACC).

The abatement cost data produced by the Committee on Climate Change

(CCC) has been used as a starting point for
produced the most comprehensive UK MACC model yet produced, covering all

sectors and all six Kyoto Greenhouse Gases. This has been supplemented

with further evidence and analysis from government economists.

Including estimates for the average anticipated policy costs of delivering the
measures is one way to adjust the technical potential to reflect feasibility
limitations.

Viewed from the perspective of the end-user, the non-traded sector is
characterised by millions of diffuse and relatively small sources of emissions.
Policies to accelerate the uptake of abatement technologies and methods in
these sectors will necessarily involve some policy costs. These policy costs
will be included in the cost-effectiveness calculation for the policy. If the non-
traded price of carbon, based as discussed above on technical measures,
does not include any allowance for policy costs, then arguably it is not
providing an equivalent comparator.

However, there are difficulties adjusting the cost of abatement to reflect policy
costs. The costs of current policies could be used as a guide, but if these
policies are relatively costly to run, this would entrench the idea that this level
of policy cost is acceptable; policy costs are likely to differ significantly by
measure and may be expected to be higher where barriers to behaviour
change are high. This is likely to be the case particularly for negative cost
abatement potential.

The recent report on global abatement costs from McKinsey and Company*°
notes that:

ARThe external sources that we have | ooked a
magnitude of these [policy] costs often estimate thembetween fr om bel ow 1
to 50 per atg@On with big variations across

Given the fact that policy costs may differ significantly for different policies, it is
challenging to include them on an objective basis in the valuation of the non-
traded price of carbon, without specific reference to the likely policy regime.
However, in order to make some provision for policy costs, the McKinsey
estimates have been included in the MACCs, which form the basis of the

Y6Pat hwa y s rboo ecanorhypversian 2 of the Global Greenhouse Gas abatement
cur v2em
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carbon price estimates, included within the empirical analysis in this chapter
and Annex 1.

Defining an abatement cost curve also involves choosing an appropriate

baseline. For this exercise, the baseline that was used in the Energy

White Paper (UEP29) has been chosen as the baseline against which to

measure abatement potential, with updated fossil fuel prices consistent

with the DECC fossil fuel price scenarios published in May 2008. This

baseline does not include the impact of any policies included in, or announced

since, the Energy White Paper. The key reasons for using this baseline (rather

than, for example, the most recent published emissions projections) are that

the latter assume delivery of a number of policies that are to be appraised and

evaluated usingthenon-traded price of car bon, notably i
6summer packaged of policies setting out h
budgets. Moreover, the CCC has also used this baseline, aiding consistency

and transparency of approach.

Having developed the abatement cost curves, the marginal cost of delivering
any given level of domestic abatement can be calculated. To value the non-
traded price of carbon it is necessary to know what level of additional
abatement is required.

The level of the target is established by the setting of carbon budgets and the

UK6s international obligations. The first
Budget 2009, mirror the UKOs obligations u!
Package which requires that UK emissions in the non-traded sector are no

more than 310.4MtCO.e in 2020.>° Comparing this to the baseline level of

emissions in 2020 under UEP 29, 352.9MtCO.e provides the figure of

42 .5MtCO;, for the target level of abatement in 2020.

One complication is that the EU package allows banking of over-compliance
into future years, and borrowing from future years to meet a shortfall. While
comparing the baseline emissions for 2020 to the target of 310.4MtCO.e
provides an indication of the annual abatement that will be necessary, this is
only an approximation. The optimal profile for UK abatement could be to do
more in 2020 than implied, or indeed less. For the purposes of the non-traded
price of carbon calculation, no banking or borrowing is assumed in 2020.

The CCC carried out a highly challenging task in pulling together an economy
wide UK MACC. The analysis to produce a non-traded price of carbon begins

*The equivalent #@Ainteri m Caadddeeator B a553vVeCOse fot theev e | in th
period 2018-22, Building a low-carbon economy - the UK's contribution to tackling climate
change, Committee on Climate Change, 2008.
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with the abatement potential identified by the CCC, with their judgement of
both the cost and the volume available, and contained within the UK MACC
model (which allows potential abatement to be filtered by traded and non-
traded sector). This judgement has then been supplemented with further
analysis and evidence from within government.

The CCC MACC model provides a judgement of what level of abatement it is
feasible to deliver by 2012, 2017 and 2022. The feasible potential for
intervening years can be interpolated. This produces a feasible MACC that
can be used to value the non-traded price of carbon. However, there are
reasons to consider adjusting the costs and feasible potentials identified by the
CCC to enhance the analysis, relating to the following areas:

1 constraints on feasible delivery from international agreements/policies
and their effect on abatement potential ;

abatement potentials from demand side measures in transport ;
inclusion or exclusion of non-CO, GHG abatement potential;

inclusion or exclusion of project credits ; and

inclusion or exclusion of air quality impacts and other ancillary costs

= =4 -4 -4

In several policy areas, measures that could be implemented to deliver carbon
targets are driven by international agreements. This is most notably the case
for the transport sector. In December 2008 agreement was reached on new car
CO, standards for Europe as a whole. This agreement requires co-ordination
between the UK and Europe as a whole.

For the new car CO, standards, the EU agreement does not prescribe the
efficiency of cars that are bought in any one member state; the target is for
sales across the EU as a whole. The UK could pursue policies to drive a faster
take up of energy efficient cars, relative to the rest of Europe, in order to exploit
the potential that the analysis indicates is cost-effective. Further, including the
underlying potential from transport would enable the non-traded price of
carbon to be an indicator of the optimality of our international agreements and
help to influence future negotiations of international constraints. (The non-
traded price of carbon will be used to assess policies that the UK has agreed to
at the European level. For this reason it would be preferable to base it on the
underlying potential in the UK rather than taking international constraints as a
starting point).

Transport abatement potential both by technology, without consideration
of the international constraint (CCC assessment) and by policy
(Government) has been considered in the empirical analysis presented at
the end of this chapter and in Annex 1.

One area of potential disagreement between
of the CCC is likely to relate to demand side measures in transport and the
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abatement they could feasibly deliver. Where there is a well-evidenced basis
for taking a different view, adjustment of the MACCs enhances the accuracy
with which the non-traded price of carbon is identified, and the cost-
effectiveness of policy making overall.

The CCC has identified greater technical potential for emissions abatement

from transport than the Governmentods asses.
measures. In part, this is explained by the constraint the EU new car

standards regulation will place on feasible potential, but it also reflects the

CCCbs significantly more optimistic view o0
through 6softd behavioural meagurdosanardwah
choicesd programme a#ingldssnsp@ooevnmeni on of e c.
analysis suggests that, while there is expected to be cost-effective potential

from behavioural measures in transport, the level of the savings is highly

uncertain, both in terms of the response of individual drivers and the length of

time that drivers maintain these more efficient driving techniques. In the

analysis presented at the end of this chapter and in Annex 1, we have drawn

on both CCC and Government estimates in constructing scenarios for

calculating the non-traded price of carbon.

The CCC advice on December 1 2008 stated that non-CO, GHG abatement
should not be relied upon to deliver carbon budgets, but rather should be
targeted as part of prudent budget management. The reasons given were that
emissions of non-CO, GHG are more volatile and uncertain to forecast than
those for CO,, that there are measurement problems and that policies to
reduce non-CO; emissions, particularly from agriculture, are undeveloped and
so judgements of feasibility are less certain.

If the CCC advice were followed, and a strategic decision was taken to plan to
deliver the non-traded target using CO, abatement options then in principle
there is an argument for excluding non-CO, abatement from the MAC curve to
value the non-traded price of carbon.

However, an alternative view would be that the fact that policies to deliver non-
CO, abatement are undeveloped provides a stronger argument for including
them in the curve. The very purpose of the non-traded price of carbon is to
encourage the development of policies that deliver the lowest cost potential,
and concerted policy development for the delivery of non-CO, GHG would be a
dividend for both the decision to include all GHGs in the Climate Change Act,
and for the analysis that has been carried out by the CCC.

The UK inventory is currently not very sensitive at measuring non-CO,
emissions. For instance the emissions from livestock are calculated by
multiplying the number of animals by an emissions factor. Reducing their
emissions by changing their diet or reducing gut-living parasites would not be
recorded in the inventory as it currently stands. However, the inventory
methodology is flexible and with scientific evidence can be made more
sensitive. There is in principle no reason why, following the introduction of a
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policy in the agriculture sector, the inventory methodology could not be
updated to capture the change in emissions that result.

In principle, we would propose that non-CO2 GHG abatement should be
included in the MAC curve used to value the non-traded price of carbon.
The feasible level of abatement from non-CO, GHG remains uncertain
however. For this reason in the analysis contained at the end of this chapter
andinAnnexl,sensitivities are considered
delivery of non-CO2 abatement, or where only the abatement from waste
is actually feasible. Analysis is also carried out where there is no non-
CO2 GHG abatement potential included to illustrate the implications of
accepting the CCC advice and taking a strategic decision not to rely on
non-CO2 GHG abatement.

By purchasing project credits the UK could reduce the level of domestic
abatement in the non-traded sector that policy is required to deliver. The EU
Climate and Energy package places a limit on the use of project credits in the
non-traded sector of 3% of 2005 emissions from 2013 onwards. This is
11.2MtCO2e per year (although banking of previous under-use is allowed). It
would not be feasible to include a greater level of credits than this in the
analysis as it would entail failure to comply with our internationally agreed
obligations.

However, the Government has committed to aim to meet the first three carbon
budgets (2008-2022) without the use of project credits in the non-traded
sector. A legal limit of zero has been set on the use of credits for the first
budget period, outside the EU ETS, therefore, purchasing project credits are
not considered as a technical measure to be included on the MACC. This is in
line with the advice of the Committee on Climate Change, and puts the UK in a
good position to make the transition to the tighter budgets to be set following
an international deal on climate change mitigation, and EU level negotiations to
share out an EU target among Member States.

In the analysis contained in this paper, it is therefore assumed that the
UK O s -tnaded target will be delivered through domestic abatement
only.

It is likely that project credit purchase will play an important part in making up
the additional effort required to meet tighter carbon budgets following a global
deal. In this case, assumptions will be revised in line with Government
decisions on credit purchase after the new budgets are set.

It is appropriate that the non-traded price of carbon should also include
ancillary costs and benefits, where these can be accurately quantified.
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The CCC MACC analysis does not include valuations of the air quality impacts
of abatement technologies. In general there is a strong synergy between
climate change policy and air quality. However in some cases, most notably
residential bio-mass heating, there is a tension.

Economists from Defra have quantified the air quality impacts of increased or
reduced use of different fuel types. These figures show that the damage costs
of burning bio-mass for heat in an inner city area are as high as 30p/KWh i
vastly larger than the carbon benefits - meaning that the feasible potential that
the CCC identified from residential bio-mass needs to be adjusted. The
damage costs associated with burning bio-mass depend on location. The cost-
effectiveness of residential biomass therefore needs to be differentially
adjusted to account for whether the home is located in the inner city, urban,
suburban or a rural setting. For all residential bio-mass potential this pushes
blocks of potential further to the right in the MAC curve, compromising their
cost-effectiveness. Even for rural bio-mass, where the damage costs are the
least, the cost-effectiveness is impaired by £50/tCOze.

In the analysis below, the air quality impacts of use of residential
biomass are included in the relevant scenarios.

Other ancillary costs have been valued in the measures contained in the MAC
curves. Comfort taking has been included for domestic energy efficiency
measures, both by reducing the volume of abatement delivered by the
measures and in the calculation of their cost-effectiveness.

The abatement potential identified in the CCC analysis takes into account the
Arebound effecto. This is the change in dr
in fuel efficiency. An improvement in fuel efficiency means that less fuel is
required to drive a given distance, and hence fuel costs are reduced. It would
therefore be expected that drivers would respond to this reduction in the cost of
driving in a number of ways, such as increasing the mileage driven (expected
to be the largest impact), and/or taking extra comfort when driving e.qg.
increasing the use of air-conditioning, seat heaters and so on. The implications
of this rebound effect are that the fuel and CO, saved as a result of
improvements in fuel efficiency are lower than might be expected when only
first round effects are considered.

The CCC adopted a hybrid approach for transport measures 1 the volume of

abatement was adjusted downward to reflect a rebound effect from measures

that reduced the marginal cost of driving. However, the cost-effectiveness of

these measures was not adjusted to take account of the additional congestion

costs associated with this rebound. In principle demand side measures could

be implemented to avoid the rebound effect i in this case the cost-

effectiveness figures calculated by the CCC would be appropriate but the

volume of abatement would be understated. Alternatively if no complementary

demand side measures wer e iassgessmennadthe ed t hen
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cost-effectiveness of transport measures would be over-optimistic but the
volume of abatement would be appropriate.

The results of the Government analysis for both abatement potential and cost-
effectiveness is presented assuming that measures are not in place to counter
the rebound effect.

Separate MACs could be produced for each year up to 2020. This would
enable a schedule for the non-traded price of carbon to be produced that
reflected the marginal cost of meeting the target for each year. However, we
have not chosen to follow this approach. Instead MAC analysis is performed
for the year 2020 and then the non-traded price of carbon for the years running
up to this is calculated using a cost of carry.**

Producing separate MAC analysis for each year would produce a spuriously
accurate price schedule. Further, there is the flexibility for banking and
borrowing of emissions between years 1 there are no hard targets for any
individual year - either in carbon budgets or in the EU package. For these
reasons, significant discrepancies between the marginal cost of meeting the
non-traded target trajectory for individual years are not realistic. It would be
cheaper for the government to over-comply with non-traded targets in the
years where abatement is relatively cheaper and use the spare abatement to
contribute towards emissions reductions in the relatively expensive years.
Therefore, a cost of carry approach has been used to achieve a smoothing of
the price of carbon over the budget periods.

The following six MAC curves, along with the further empirical analysis
contained in Annex 1, have informed the adoption of a range of values for
the non-traded price of carbon in 2020 of £30 to £90/tCO,e with a central
value of £60/tCO.e.

Analysis that includes all the CCCO06s

high f

including non-CO,GHG and abatement potential from 0:

measures at zero cost produces a valuation for the non-traded price of carbon
of £49/tCO,e. However, the potential included in this curve for transport
measures is greater than Government analysts expect the measures could
deliver.

Analysis using the CCCOs cladingthe 4MEGsaf b | e
60softdéd transport behavi etadeddrice sfeabsruat e s
£63/1COze . Whil e there i s agreement that

measures, overall the CCC identify higher transport abatement potential than
Government analysis. The 4MtCO,e of 6ésof t 6 transport
the CCC are subject to considerable uncertainty. They were not explicitly

> For consistency with the traded carbon price, a nominal cost of carry of 3.5% has been used.
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costed in the CCC analysis, so their position on the MACC is uncertain, along
with their magnitude of abatement. Excluding these behavioural measures
therefore proxies for a view of feasible abatement from transport that is closer

to the

Anal ysis wusi

Government

ng t

anal ystso

he CCCb6s high

Vi

e w.

f easi

conservative view of the feasibility of the deliverable potential from non-CO,
GHGs also values the non-traded price of carbon at £63/tCO.e; owing to the
immaturity of the analysis in this area there is considerable uncertainty over
what it will actually be feasible to deliver by 2020.

A higher value for the non-traded price of carbon, of £92/tCO.e, is derived

usi t he

ng

CCCbos

hi gh feasible

potenti al

which a cautious Government estimate of feasible delivery (net of rebound) is
used. This MACC assumes a new car CO; policy scenario of 115g/Km of CO,
in the UK by 2020. This also includes all the feasible potential identified from
non-CO,GHG. Internal Government estimates of policy costs and air quality
considerations are also included.

Analysi s using

t he

CCCb6s high

f easi

bl e

transport, Government estimates for feasible delivery (net of rebound) of
transport, and a new car CO; policy scenario of 95g/Km of CO.in the UK by
2020 (includes re-bound), results in a lower non-traded price of carbon, of
£63/tCO.e. This also includes all the feasible potential identified from non-CO,
GHGs. Government estimates of policy costs and air quality considerations

are also included.

A lower bound value for the non-traded price of carbon, of £33/tCO.e, is

derived usi

ng

t he

CCC6s high

f easi

bl

transport, for which Government estimates of feasible delivery (net of rebound)
is used. This also includes all the feasible potential identified from non-CO,
GHG. The lower bound estimate assumes a new car CO, policy scenario of
95¢g/Km in the UK by 2020 and measures to counter the rebound effect.
Government estimates of policy costs and air quality impacts are also included.

Table 7.1: MACC abatement scenarios.

Implied value
Scenario Description Comment for\rllglﬂ-;rgfded
carbon

CCC high feasible all | All potential identified by the

1 sectors CCC, from all sectors included in
the MAC curve £49/tCOze

CCC high feasible all | 4 mtCO,e of abatement potential

sectors, excluding 6soli dentified by tf#

transport behavioural | transport behavioural measures is

2 measures excluded. Was not explicitly
costed by the CCC, and their | £63/tCO.e

view of potential from transport is

CO, higher than the potential

identified by DfT
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CCC high feasible, but low
potential from non-CO,
GHG abatement

Only waste non-CO, abatement
potential included in the MAC
curve 1 uncertainty over the
feasibility of non-CO, abatement.

£63/tCOze

CCC high feasible for
sectors other than transport
cautious Government
assessment of  feasible
transport abatement.
Includes policy costs and
air quality impacts.

Government assessment of
feasible abatement potential for
transport used, allowing for
rebound effect. Assumes new car
CO, policy scenario of 115g/Km
of CO, in the UK by 2020.
Includes all non-CO, abatement
potential.

£92/tCOze

feasible for
sectors other than
transport, Government
assessment of  feasible
transport abatement.
Includes policy costs and
air quality impacts.

CCC high

Government assessment of
feasible abatement potential for
transport. Assumes new car CO,
policy scenario of 95g/Km of CO,
in the UK by 2020(includes re-
bound). Includes all non-CO,
abatement potential.

£63/tCOze

CCC high feasible for
sectors other than
transport, Government
assessment of  feasible
transport abatement and
measures to counter the
rebound effect. Includes
policy costs and air quality
impacts.

Government assessment of
feasible abatement potential for
transport. Assumes new car CO,
policy scenario of 95g/Km of CO,
in the UK by 2020(measures to
counter re-bound). Includes all
non-CO, abatement potential.

£33/tCO%e

To avoid spurious accuracy in the sensitivity range these figures have been
rounded. As shown in Figure 7.1, revised values for the non-traded price of
carbon in 2020 are:

9 Lower bound: £30/tCO5e
1 Central: £60/tCO,e
1 Upper bound: £90/tCOe

Table 7.2: Non-traded price of carbon schedule

Lower Central Upper
2008 25 50 75
2009 25 51 76
2010 26 52 78
2011 26 52 79
2012 27 53 80
2013 27 54 81
2014 27 55 82
2015 28 56 84
2016 28 57 85
2017 29 57 86
2018 29 58 87
2019 30 59 89
2020 30 60 90
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Figure 7.1: No

n-traded Carbon Price 2008-2020 period
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Figures 7.2 to 7.4 are based on the CCC MAC curves and do not contain

policy costs or air quality impacts. Figure 7.2 displays Scenario 1 in which all
t he Gheiagsh bl ed potential that

by 2020, with their assessment of the cost-effectiveness of these potentials.

t he

CCC

The abatement curve displays the potentials that the CCC identified, ordered

from left to right in terms of their cost-effectiveness. This abatement curve

includes mitigation of non-CO, greenhouse gases. The marginal cost of

meeting the target, using a perfectly rational delivery of least cost feasible

potentials, wou

Id be £49/tCO..

Figure 7.2: Scenario 17 CCC high feasible all sectors
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