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Key Messages
The following bullet points summarise the points discussed in this paper, the conclusions reached by the
Department and how the Department will proceed from the publication of this paper.


Facing challenging and legally binding greenhouse gas (GHG) emission reduction targets, it is
imperative that the assessment of public investment projects include an appropriate valuation of
the cost that society will bear in dealing with the greenhouse gas emissions any project might give
rise to. The best method of achieving this is through the use of an appropriate shadow price of
carbon.



Some greenhouse gas emissions are regulated on a European wide basis. For those projects, or
elements of projects, which will affect emissions in sectors of the economy covered by the EU
Emissions Trading Scheme (ETS), the shadow price of carbon will be based on the estimated future
value of allowances in the ETS.



In the short term, appropriate values will be derived from publically available market projections
of ETS prices. For longer term assessment, the values used will be linked to the values set out in
the official 2016 EU Reference Scenario for Energy, Transport and GHG Emissions Trends to 2050.



For those projects which affect emissions in all other sectors of the economy, the shadow price of
carbon up to 2030 will be based upon the estimated marginal cost that will be borne by society in
achieving Ireland’s legally binding 2030 greenhouse gas emissions target. In other words, an
abatement cost/target consistent model.



Since there is as yet no confirmed national model which can provide these values for the economy
as a whole, the abatement cost values compiled for use in the National Mitigation Plan, which
estimate abatement costs for measures in the energy sector sufficient to reach climate targets,
will be used as a proxy for abatement costs for the economy as a whole.



In practical terms, this means a new shadow price of carbon for non-ETS emissions of €32 per
tonne in 2020, rising by €6.80 a year to reach €100 per tonne by 2030.



It is recognised that modelled abatement costs are inherently uncertain and reflect a snapshot in
time of technology costs which, as the recent falls in renewable energy technology costs have
demonstrated, can be subject to rapid change. As the time horizon under which a project is
considered lengthens, the impact of this uncertainty rises. Given this uncertainty, it does not
appear appropriate to use these modelled values for a long run (post 2030) shadow price of
carbon.



Therefore, for values of the shadow price of carbon beyond 2030, it is proposed that the shadow
price of carbon will simply rise linearly by 5% a year. This means that the shadow price of carbon
rises to €128 for 2035, €163 for 2040, €208 for 2045 and €265 for 2050.



It is recognised that the inherent modelling uncertainty and the lack of a holistic abatement cost
model for the economy are significant limitations to the development of an appropriate shadow
price of carbon. Respondents are thus asked to consider if it might be appropriate for the
Department of Public Expenditure and Reform to consider an alternative approach to modelling a
shadow price of carbon.
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For example, it may seem that the ideal approach would be to price carbon emissions according
to the costs of the specific damage that might be attributable to these increased emissions, or the
‘social cost’. However it is the Department’s view that there is far too much uncertainty inherent
in this approach - Uncertainty over the sensitivity of the global climate to increased emissions, the
specific impact of climate change on Ireland and the value of the damage that might be caused.
For these reasons, the Department has ruled out using a ‘social cost of carbon’ approach to valuing
emissions in public sector appraisal in Ireland, at least until more accurate information becomes
available.



Another alternative approach could involve polling experts with a defined series of questions on
the relationship between projected climate damages, abatement costs and emissions. There has
been some international research which suggests that this simplified expression of the cost of
carbon may, in some circumstances, be more accurate than modelled approaches.



The final option is to continue the current methodology and continue to link the cost of carbon to
European Union provided ETS price projections. However, there are perhaps good reasons to
believe that ETS price projections are likely to underestimate the cost that wider society will face
in decarbonising.



The carbon values for both the ETS and non-ETS sectors will be reviewed on a regular basis, and
not less than once every three years.



There are no changes proposed to the values of emissions from the ’basket of seven’ greenhouse
gases which can be converted into CO2e (carbon dioxide equivalent). In other words, where
identifiable and practicable, Departments should continue to identify, quantify and convert
emissions of these gases into carbon dioxide equivalent using the values from the latest available
Intergovernmental Panel on Climate Change (IPCC) adopted conversion factors for global warming
potential.



There are also no changes proposed to the two definitions for defining direct CO2e emissions that
are detailed in the current Public Spending Code.



The section of the Public Spending Code which deals with the shadow price of carbon also
recommends that Departments should monetise other specified non-GHG emissions where such
emissions are considered relevant, significant and practicable for inclusion.



The Department of Communications, Climate Action and Environment (D/CCAE) has
recommended that Departments should continue to monetise other non-greenhouse gas
emissions, particularly where these may be relevant to air quality. Recommended values are
provided in this paper for the cost of Particulate Matter with a diameter of less than 2.5
micrometers (PM2.5), Nitrogen Oxide (NOx), Non-Methane Volatile Organic Compounds (NMVOCs)
and Sulphur Oxide (SOx).



The values used are taken from the European Union’s Update of the Handbook on External Costs
of Transport. These values are the same as those in the previously used, Department of Transport,
Tourism and Sport’s Guidelines on a Common Appraisal Framework for Transport Projects and
Programmes.



The value of future estimated greenhouse gas emissions or non-greenhouse gas emissions
relevant to air quality should be discounted according to the Test Discount Rate for Economic
Appraisal specified in the Public Spending Code.
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In the period between the publication of this consultation paper and the next review of shadow
price of carbon values, the development of a new national mitigation cost assessment will be
prioritised.



After the conclusion of the formal consultation process initiated by the publication of this paper,
and assuming there is sufficient interest, the Department of Public Expenditure and Reform will
organise a workshop for interested parties. This workshop will review the responses received
during the consultation process, outline the Department’s initial reaction to some of these
responses and, in particular, will consider the views received on the merits of using an abatement
cost model based on policies in the energy sector versus the other potential approaches.



At the end of this process, the Department of Public Expenditure and Reform will publish a decision
paper which will detail the final proposed changes to the Public Spending Code.



Alongside this paper, the Irish Government Economic Evaluation Service (IGEES) Unit in the
Department of Public Expenditure and Reform have completed a research project assessing the
central technical appraisal parameters including the discount rate and this has been published
concurrently with this paper. It is available on the IGEES website at: https://igees.gov.ie/



The revised Public Spending Code, incorporating the final changes to the shadow price of carbon,
will be published in early 2019.

Suggested Consultation Questions for Consideration
1) Is applying a shadow price of carbon to the estimated greenhouse gas emissions attributable to
public investment decisions the best way of capturing the climate consequences of these
investments?
2) Of the models available, is linking the shadow price of carbon to the estimated marginal abatement
cost that Ireland is projected to face to meet 2030 national (non-ETS) emissions targets the most
appropriate means of pricing carbon in project appraisal?
3) Is the projected abatement cost for greenhouse gas emissions across the energy sector likely to
represent an appropriate proxy for the cost of economy-wide emissions reductions?
4) Is the continuation of the current methodology for estimating the direct greenhouse gas emissions
attributable to a project and the subsequent conversion of these emissions to carbon equivalent
values appropriate?
5) Should cost benefit analyses also be required to quantity the impact that non-greenhouse gas
emissions may have upon air quality and are the values suggested for these gases appropriate?
6) Are there any other considerations that are omitted from this paper which should have been
considered by the Department regarding valuing greenhouse gas emissions in the Public Spending
Code?

4

Quality assurance process
To ensure accuracy and methodological rigour, the author engaged in the
following quality assurance process.
 Internal/Departmental
Line management
 Other divisions/sections
 Peer review (IGEES network, seminars, conferences etc.)
 External
 Other Government Departments
 Steering group
 Quality Assurance Group (QAG)
 Peer review (IGEES network, seminars, conferences etc.)
 External expert(s)
 Other (relevant details)
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The Department of Public Expenditure and Reform (DPER) is committed to engaging with stakeholders
in a clear, open and transparent manner. This consultation paper sets a proposed new approach to
the valuation of greenhouse gas emissions in the appraisal of public investment projects and asks
respondents to consider the issues raised therein.
The public consultation process will run until Friday, December 14th 2018. Submissions are invited
from all interested parties and should be submitted via e-mail to: climate.change@per.gov.ie
It would be helpful if respondents could consider the consultation questions asked in this paper when
submitting a response, but it is not necessary to provide responses to all the questions. Respondents
should also feel free to make any other contributions that they consider may be useful.
Respondents should note that all submissions received will be published on DPER’s website after the
conclusion of the public consultation process. If respondents would prefer some information in their
submission to be treated confidentially, please indicate clearly in writing those elements to be treated
as so and explain why the information should be regarded as confidential.
Following consideration of the issues raised during this consultation process, should there be sufficient
public interest, it is the Department’s aim to host a workshop for respondents. Following this
workshop, the Department will publish a decision paper outlining the conclusions reached following
the public consultation and will incorporate the results of this decision into a revised Public Spending
Code shortly thereafter.
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1. Introduction
Dealing with climate change is one of the most important priorities facing governments across the
world and Ireland is no different. Ireland is a signatory to the Paris Agreement within the United
Nations Framework Convention on Climate Change, which aims to hold the increase in the global
average temperature to well below 2 °C above pre-industrial levels and to pursue efforts to limit the
temperature increase to 1.5 °C above pre-industrial levels.
Ireland, in common with all European Union (EU) Member States, has signed up to deliver its
contribution to the Paris Agreement through the EU’s Nationally Determined Contribution. This
commits the EU to collectively delivering a reduction in greenhouse gas1 emissions of at least 40% by
2030 against 1990 levels. The EU Effort Sharing Regulation2 translates this commitment into binding
annual greenhouse gas emission targets for each Member State for the period 2021–2030, based on
the principles of fairness, cost-effectiveness and environmental integrity.
This Regulation requires Ireland to reduce our greenhouse gas emissions by 30% by 2030 against our
2005 emissions. This builds on the 20% national greenhouse gas emission reduction target for 2020
and is complemented by the National Policy Position on Climate Action and Low Carbon Development3
(2014) which calls for at least an 80% decrease in carbon emissions across electricity generation, built
environment and transport sectors by 2050. The National Policy Position also commits to an approach
to carbon neutrality in the agriculture and land-use sector, including forestry, which does not
compromise capacity for sustainable food production.
Achieving these targets will require, sustained policy change, ongoing engagement with wider society
and difficult resource allocation decisions. It also necessitates that climate consequences be
integrated into the consideration of all public investment projects.
At the moment, before receiving approval to proceed, every public investment project with a value
above €20m must conduct a full analysis on all the potential costs and benefits associated with that
project. Greenhouse gas emissions are one of the factors which must be considered in this evaluation.
When conducting an evaluation, project developers must consider the net impact on greenhouse gas
emissions their project might have and they must price these emissions using the shadow price of
carbon currently specified in Section E-05 of the Public Spending Code4.
A shadow price is a hypothetical cost placed on a commodity that is not ordinarily quantifiable as
having a market price. Put plainly, unlike a regular commodity, an individual project may not have to
pay any direct cost for the greenhouse gas emissions it may give rise to. However, since the country
as a whole has legally binding targets to reduce greenhouse gas emissions, the cost of these increased
emissions will be a burden on society. Since the increased emissions also contribute to climate change,
they may also impose an additional cost on society in adapting to climate change and the damage
costs caused by increasing weather variability.
1

There are a basket of seven different types of gases which are commonly referred to as greenhouse gases.
These emissions are typically converted into CO2e (carbon dioxide equivalent) using GWP (Global Warming
Potential) conversion rates. As a result of this conversion, the term greenhouse gas emissions is often
abbreviated to carbon emissions. Unless specifically noted otherwise, any reference to carbon emissions in this
paper should be considered to be synonymous with greenhouse gas emissions.
2
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0842&from=EN
3
https://www.dccae.gov.ie/en-ie/climateaction/publications/Documents/5/National%20Climate%20Policy%20Position.pdf
4
https://publicspendingcode.per.gov.ie/wp-content/uploads/2015/09/E5.pdf
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To ensure that these future burdens are taken into account, the amount of emissions a project may
give rise to needs to be quantified and a value placed on those emissions. This then allows the
evaluation of said project to determine if this future burden outweighs any benefits the project may
bring. This value placed on these emissions is known as the shadow price of carbon.
The use of a shadow price of carbon has become a standard part of Government project evaluation
frameworks globally. It also sees some use in the private sector and its use is mandatory for
multilateral development agencies such as the World Bank. It was introduced into the Irish Public
Spending Code in 2009 and has been subsequently modified periodically. This consultation paper
builds on these previous reviews.
If we accept the principle that the cost of greenhouse gas emissions induced by a public investment
project should be incorporated into its appraisal, the question becomes how these emissions should
be valued and hence how the shadow price is set. Addressing this question is the focus of this paper.
As it will be seen, there is no definitive “best” approach to value future carbon emissions. Neither is
there a pure technocratic solution. There are, however, a variety of methodologies which have been
adopted worldwide. These all involve making judgements as to whether, given our limited knowledge
of the long run impacts of climate change, a given methodology adequately reflects the costs of
climate change to our society.
This paper will examine the pros and cons of each methodology and the relative suitability of each
methodology’s application in Ireland. The paper will then put forth the Department’s conclusion on
which model appears most appropriate for use in Ireland and ask respondents to this public
consultation the consider the issues highlighted when making a response to the paper.
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2. Background
The Department of Public Expenditure and Reform’s mission is to serve the public interest by
supporting the delivery of well-managed, well-targeted and sustainable public spending through
modernised, effective and accountable public services. The Department also has a general
responsibility to ensure policies are scrutinised on their cost effectiveness and distributional
implications.
When it comes to climate change, well-managed, well-targeted and sustainable public spending
means public spending that supports the achievement of Ireland’s low carbon transition in the most
cost effective manner. It means doing so equitably and, where possible, allowing market mechanisms
to deliver carbon reductions in the most efficient manner, without affecting competitiveness and
avoiding or mitigating negative distributional consequences.
Achieving this objective necessitates that policy makers have all the relevant evidence they need to
make informed decisions when designing and implementing policy.
This paper is a contribution to this objective. It proposes a new methodology to value greenhouse gas
emissions (and some non-greenhouse gases) in the appraisal of public projects. This new methodology
ensures that the cost of carbon which must be considered by any public sector body undertaking a
cost benefit analysis is consistent with overall Government policy on greenhouse gas emission
reductions.
Providing a single value for carbon that must be applied to the appraisal of all public investment
decisions brings consistency and allows policy makers to better understand and appreciate the climate
consequences of any investment choices they may face. With ambitious national and legally binding
EU climate change targets, it is vital that the impact of any public investments on greenhouse gas
emissions is considered.
Greenhouse gas emissions are a side-effect of economic activities. However, the consequences of
these emissions often do not fall on those undertaking the activity. The adverse effects of their
production fall on society collectively. They are considered to be external to the market, and are
generally known as ‘externalities’. This means that there is not enough incentive for individual
consumers and producers to reduce emissions. As a result, the market fails by over-producing
greenhouse gas emissions, to the detriment of society as a whole.
It is commonly accepted that the best way of addressing externalities is to place a price on them.
Increasing efforts are being made nationally and internationally to ensure that a price of carbon is
factored into economic decision making. The European-wide Emissions Trading Scheme is an attempt
to do this for greenhouse gas emissions in certain sectors, such as electricity generation and heavy
industry. Nationally, a carbon tax has been implemented, which at €20 a tonne, applies to kerosene,
marked gas oil, liquid petroleum gas, fuel oil, natural gas and solid fuels.
Since the Emissions Trading Scheme provides a price signal for emissions in the sectors of the economy
covered by this scheme and since a carbon tax applies to emissions from many other sectors outside
the scheme, it could be asked why a shadow price of carbon is required at all. The answer is that public
investments made today may lock in emissions for many decades from now. Since Ireland is legally
obliged to reduce our emissions over time, investment choices made today need to take account of
the future emissions a project may give rise to and, in particular, the rising cost that society will likely
face in future decades to eliminate these emissions.
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The effect of including a rising carbon price in the Public Spending Code is to ensure that appraisals of
those projects which will add to the country’s future emissions take account of the likely impact of
these increased emissions. Conversely, it ensures that the benefits of those projects which may
actually reduce emissions in future years are also adequately captured by the appraisal methodology.
There is considerable uncertainty associated with estimating the damages that might be attributable
to additional carbon emission. This is a difficulty that is faced by all countries who might wish to include
a price for carbon emissions in their appraisal of investment decisions. Over time, three main
methodologies have emerged for valuing greenhouse gas emissions, with a new fourth option having
been presented in some recent academic literature.
These options are:
1. Linking the Shadow Price to a Tangible, Independent Factor – such as the price of an
allowance in the EU Emissions Trading Scheme
Using this methodology links the price of greenhouse gas emissions in the Public Spending Code to
some external valuation of the cost of carbon. At the moment, the value of greenhouse gas emissions
in the Irish Public Spending Code is linked to the cost of an allowance in the EU-wide Emissions Trading
Scheme (ETS). This provides a transparent and independently verifiable cost of carbon. It is based on
the relative performance of European industry in their efforts to reduce emissions in line with the
declining quantity of allowances available in the ETS as mandated by the European Commission.
However, there are some structural characteristics of the ETS system which mean it may be
inappropriate to continue to link the cost of emissions in other sectors of the economy to the costs
that will be borne by the ETS sector. It is also a concern that the ETS price has been subject to
considerable volatility and, until recently, has been below what is generally regarded as a level
sufficient to drive decarbonisation. Collectively, these factors mean that there is a significant risk that
linking the cost of carbon to the price of an allowance in the ETS system will under-price greenhouse
gas emissions, leading to a higher level of emissions and a higher cost for society in the future in
achieving greenhouse gas reductions.
For these reasons this paper concludes that it would be inappropriate to use the value of allowances
in the ETS to value greenhouse gas emissions in the Public Spending Code.
2. Social Cost of Carbon
The social cost of carbon attempts to place a value on the damage that the emission of an extra tonne
of greenhouse gas emissions will do over time and hence work out what society should be prepared
to pay today to avoid this future damage. There is a logic to this approach – it is rational that we should
be prepared to pay a certain price today to ensure the world that we will live in tomorrow will not
face a radically higher cost to deal with the consequences of today’s decisions.
However there are a number of practical difficulties with developing a social cost of carbon.
Principally, while it is certain that climate change will impose, potentially very severe, costs on future
society, the exact level of these costs and when they will occur is subject to considerable uncertainty.
In practice, this leads to wildly diverging values of the social cost of carbon across countries. As a
consequence, certainly among other EU Member States, its use in public investment appraisal appears
to be declining.
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Developing a social cost of carbon also raises thorny questions around responsibility and fairness
which are beyond the scope of the Public Spending Code. Since there is only one global climate, the
level of Irish greenhouse gas emissions affects other countries and vice versa. Should the Irish social
cost of carbon therefore be based on the value of the estimated damage projected for Ireland, or for
the planet as a whole? Depending on the answer to this question, it may lead to an individual country
doing much more or much less relative to other countries. This has implications for fairness and for
the distributional consequences of Government policy.
Due to the collective weight of these uncertainties, this paper concludes that it would be inappropriate
to use a social cost of carbon to value greenhouse gas emissions in the Public Spending Code.
3. Abatement Cost / Target Consistent
This approach values the shadow price of carbon at the estimated marginal cost society will incur to
reach climate targets. In order to contribute to the EU’s climate and energy objectives, Ireland has
agreed to achieve specific targets5 to reduce greenhouse gas emissions by 2020 and 2030. These
targets are legally binding and it is clear that there will be a cost to society in meeting them – either
through the cost of new policies and measures that will have to be introduced to reach these targets,
or through the exercise of flexibilities that allow underperforming Member States to purchase
compliance from other countries.
Since the Government has already agreed society will incur this cost, the Public Spending Code should
consider public investment decisions with regard to the cost that will be incurred to remove the
greenhouse gas emissions produced by this investment. This level of greenhouse gas emissions
reduction should be sufficient to reach the legally binding targets Ireland is faced with. An assessment
of the marginal abatement cost that Ireland will face has already been developed to support the
National Mitigation Plan.
As with all estimations based on modelling, the results of this approach have their limitations. The cost
Irish society might bear in 2029 to reduce carbon emissions is heavily dependent on projections of
economic growth and, in particular, the progress of technological solutions which are inherently
uncertain. For example, it is possible, although unlikely, that future technological innovation will
reduce greenhouse gas emissions without the need for any State intervention. In addition, Ireland has
not agreed to specific greenhouse gas emissions reductions targets post-2030. However, the National
Policy Position acknowledges that reductions of at least 80% across electricity generation, built
environment and transport sectors will be necessary by 2050.
Nevertheless, this paper concludes that valuing greenhouse gas emissions using this estimated
marginal abatement cost is the best method of ensuring that the Public Spending Code contributes
towards reaching our targets at least cost and avoids increasing emissions that will need to be offset
elsewhere, perhaps imposing a disproportionate cost on the rest of the economy.
4. Expert Opinion
There is a new and growing body of research which suggests that given the manifold uncertainties
that plague other methods of valuing carbon emissions, more accurate and more transparent
valuations of carbon may perhaps be derived by simply polling experts in this field.

5

Under the Effort Sharing Decision, Ireland is required to reduce national (non-ETS) greenhouse gas emissions
by 20% by 2020 (as compared to 2005). Under the Effort Sharing Regulation, Ireland is similarly required to
reduce greenhouse gas emissions by 30% by 2030.
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Research in this area largely stems from Professor Robert S Pindyck6. Professor Pindyck argues that
the Integrated Assessment Models used to derive estimates on the social cost of carbon have such
serious deficiencies that they are unsuited for practical application. In his view, a more transparent
and potentially accurate estimate of the social cost of carbon could be derived by polling experts on a
range of simple questions about possible climate damages. The social cost of carbon would then be
based on the ratio of the present value of damages from an extreme outcome, to the total emission
reduction needed to avert such an outcome
However, even Professor Pindyck himself notes that this approach provides a rather broad range of
estimates7 for the social cost of carbon and, as the recent Organisation for Economic Co-operation
and Development (OECD) review of research on Cost Benefit Analysis suggests, it perhaps simply
moves the “black box” from the Integrated Assessment Models to the heads of the respondents who
might be polled in such an exercise.
Although this solution has a certain elegance and is clearly a new and interesting way of pricing carbon
in policy appraisal, it is too early in the development of research in this area to suggest its national
application. There may be some value in using this approach to validate the costs of carbon derived
from alternative approaches. If, for example, there is a wide divergence between the cost of carbon
suggested by a modelled approach and that which experts think is likely to occur, it suggests that more
work would be necessary to understand the basis for this divergence.
It is noted that any amendments to the Public Spending Code will be subject to peer review by
stakeholders. The conclusions reached in this consultation paper have already been presented to the
inter-Departmental working group dealing with revisions to the technical parameters to the Public
Spending Code and to the Government’s Climate Change Technical Research and Modelling Group.
However, given that this consultation paper suggests a new methodology for the calculation of the
shadow price of carbon, rather than simply proposing new values for said shadow price, a full public
consultation was deemed necessary to give stakeholders the opportunity to consider this revised
methodology.

6
7

http://web.mit.edu/rpindyck/www/
The Social Cost of Carbon Revisited - https://www.nber.org/papers/w22807
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3. Why Review the Shadow Price of Carbon Now?
The National Mitigation Plan8, published in July 2017, required the Department of Public Expenditure
and Reform to undertake a review of the guidance on public expenditure appraisal and evaluation to
ensure their suitability to capturing key costs and benefits of climate measures. This paper is one of
the actions underway to meet this commitment.
However, there are other pressing reasons to conduct such a review now. The last review of the
shadow price of carbon in the Public Spending Code took place in 2014. That review concluded that a
market based approach, using the projected future value of ETS allowances, should continue to be
used. Since the completion of this review ETS prices have increased quite considerably, far ahead of
any previous price projections. As a result the current shadow price of carbon (€7.29 a tonne) in use
in the Public Spending Code is, in fact, considerably below the actual prevailing ETS price, which
reached a peak of nearly €25 per tonne of carbon in September, before declining to around €18 per
tonne at the time of this paper’s publication.
As well as the commitment in the National Mitigation Plan and the need to adapt to faster than
anticipated carbon price increases, the publication of the National Development Plan9 in February
provides an added impetus. The National Development Plan 2018-2027 demonstrates the
Government’s commitment to meeting Ireland’s infrastructure and investment needs over the next
ten years, through a total investment estimated at €116 billion. This represents a very substantial
commitment of resources and is expected to move Ireland close to the top of the international league
table for public investment.
The National Planning Framework10, which underpins the National Development Plan, identified the
need to achieve the transition to a competitive, low-carbon, climate-resilient and environmentally
sustainable economy by 2050 as one of the key strategic outcomes that must be achieved. As a result,
the National Development Plan identified climate action as a strategic investment priority and
allocated €21.8 billion (€7.6 billion Exchequer/€14.2 billion non-Exchequer) directly towards the
achievement of this priority. This is complemented by a further €8.6 billion investment in sustainable
mobility, an €8.8 billion investment in the sustainable management of water and environmental
resources and €14.5 billion planned investment in encouraging compact, smart growth.
Regardless of the sector to which investment is directed, all of the projects envisaged in the National
Development Plan will need to be fully compliant with the Public Spending Code. Therefore, in
advance of the progression of these investment decisions, an update to the technical parameters
underpinning the Public Spending Code, and the shadow price of carbon in particular, is timely and
appropriate.
A final point of consideration in the timing of this review was the finalisation earlier this year of the
EU Effort Sharing Regulation. This regulation, adopted by the EU on 14 May 2018, effectively translates
the EU’s commitment to achieving a greenhouse gas emission reductions target of at least 40% by
2030 as compared to 1990, into greenhouse emissions targets for each Member State. In Ireland’s
case this translates into a legally binding target to reduce greenhouse emissions in the non-ETS sector
by 30% as compared to 2005 levels by 2030.

8

https://www.dccae.gov.ie/documents/National%20Mitigation%20Plan%202017.pdf
https://www.per.gov.ie/en/national-development-plan-2018-2027/
10
http://npf.ie/wp-content/uploads/Project-Ireland-2040-NPF.pdf
9
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4. The Public Spending Code
All Irish public bodies are obliged to treat public funds with care and to ensure that the best possible
value-for-money is obtained whenever public money is being spent or invested. The Public Spending
Code11 brings together in one place the obligations that those responsible for spending public money
are obliged to adhere to, as well as guidance material on how to comply with the obligations. The
Code is maintained by the Department of Public Expenditure and Reform as a resource for the entire
Irish public service.
The level of financial analysis required for each project depends on the scale of the proposal in
question. Every spending proposal should be appraised carefully. However, the resources spent on
appraisal should be commensurate with the estimated cost of projects (or proposals for current
expenditure), and with the degree of complexity of the issues involved.
In practical terms, the assessment steps that must be taken are:
(i)

A simple assessment will be carried out for minor projects with an estimated cost
below €0.5 million, such as projects involving minor refurbishment works, fit outs etc.

(ii)

Projects costing between €0.5 million and €5 million should be subject to a single
appraisal incorporating elements of a preliminary and detailed appraisal.

(iii)

A Multi Criteria Analysis (MCA) should be carried out at minimum for projects
between €5 million and €20 million.

(iv)

Projects over €20 million should be subjected to a full Cost Benefit Analysis (CBA) or
Cost Effectiveness Analysis (CEA). The CBA (or CEA) should be submitted to the
Department of Public Expenditure & Reform for views.

(v)

Programmes with an annual value in excess of €30 million and of 5 years or more
duration are to be subject to prior and mid-term evaluation at the beginning and
midpoint of each 5 year cycle, or as may be agreed with the Department of Public
Expenditure & Reform.

While the impact on greenhouse gas emissions that a project may give rise to should form part of
every analysis above, it is mandatory for projects requiring a multi criteria analysis or cost benefit
analysis. The Public Spending Codes provides detailed guidance on the use of cost benefit analysis as
an appraisal technique. The general principle of a cost benefit analysis is to assess whether or not the
social and economic benefits associated with a project are greater than its social and economic costs.
What this means in practice is that a cost benefit analysis must take into account all benefits and costs
associated with a policy, regardless of who is the recipient. The Public Spending Code specifically notes
that this requires assessments to take externalities into account, even where there may be no market
prices available or where the prices may not reflect the real value to society of those resources or
outputs.
As this paper noted at the outset, greenhouse gas emissions meet the classic definition of an
externality and thus the incorporation of a value for the estimated impact on greenhouse gas

11

https://publicspendingcode.per.gov.ie/
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emissions that a project may give rise to has been a mandatory element of the Public Spending Code
since 2009.

5. Previous Approaches to Valuing Greenhouse Gas Emissions in
the Public Spending Code
In 2007, the Cabinet Committee on Climate Change and Energy Security established an
Interdepartmental Working Group on reflecting the cost of Carbon Emissions in Cost Benefit Analyses.
The Group was mandated to prepare a detailed research paper on the appropriate means of treating
environmental emissions, in particular carbon dioxide emissions, in future CBAs of major
infrastructure projects and to make recommendations on a standardised approach(es) in this regard.
In October 2008, the Interdepartmental Working Group reported its findings to the Cabinet
Committee on Climate Change and Energy Security, and made 21 recommendations, including that a
market price should be used in monetising CO2e emissions. The outcome of the work by the Group
was incorporated into the Department of Finance’s CBA guidelines via a guidance note issued in
200912.
In late 2012, the Senior Official’s Group on Climate Change and the Green Economy approved the
Terms of Reference for establishment of a new Interdepartmental Working Group – to be chaired by
the Department of Public Expenditure and Reform and reporting to the Senior Official’s Group - to
update the work previously undertaken in 2008. The Group included representation from relevant
Departments and participation from Agencies as appropriate. As part of the review, Group members
provided updates of the current practice within their Department and Agencies under their aegis.
In 2014, the Group published a report which provided a series of recommendations on how to quantify
and monetise a basket of seven greenhouse gases – Carbon Dioxide (CO2), Methane (CH4),
Nitrous Oxide (N20), Sulfur Hexafluoride (SF6), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs)
and Nitrogen Trifluoride (NF3) - where they are considered relevant and significant in the context of
the project under consideration and where they can be practicably quantified and monetised for
inclusion in CBAs.
It was agreed that market pricing should continue to be used to monetise CO2e emissions. In practice,
this meant using estimated futures prices of CO2e derived from the EU Emission Trading Scheme (ETS).
The Group also recommended that for the post-2020 period the EU 2030 Climate and Energy
Reference Scenario13 values be used to represent the value of CO2 in CBA. This Reference Scenario is
based on the Impact Assessment which accompanied the proposed EU 2030 Climate and Energy
Framework. This provided a price projection for the ETS in the event of no further policy
developments, the so-called Reference Scenario.
It was recommended that CO2e emissions from inputs/materials purchased from other
organisations/installations/facilities in the EU ETS sector not be included in the quantification of
emissions when carrying out appraisal. This is the approach currently in use as part of the Public
Spending Code.

12

https://www.per.gov.ie/wp-content/uploads/Guidelines-for-including-CO2e-emissions1.pdf
https://ec.europa.eu/transport/sites/transport/files/media/publications/doc/trends-to-2050-update2013.pdf
13
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The tables below illustrate the specific market values incorporated into the Public Spending Code in
2014:
Table 1: Recommended tCO2e values for application in CBAs for period 2014-2017* Price
(€/tCO2)
Market Spot Price - 25th March 2014
€5.80
Average Futures Price – December 2014
€6.32
Average Futures Price – December 2015
€6.58
Average Futures Price – December 2016
€6.92
Average Futures Price – December 2017
€7.29
Shadow price – 2018/2019
€7.29
* The table demonstrates the average of the futures prices in the period 22nd January 2014 to
25th March 2014, along with the most recent auction clearing price available at the time of the
2014 report. In the absence of futures pricing for 2018 and 2019, the Group recommended
continued use of the December 2017 futures price as a shadow price for the 2018-2019 period i.e.
€7.29/tCO2.

Table 2: Recommended tCO2e values for application in CBAs for period post-2020*
EU Reference Scenario – Projected price
EU Reference Scenario (Projected price) - 2020
EU Reference Scenario (Projected price) - 2025
EU Reference Scenario (Projected price) - 2030
EU Reference Scenario (Projected price) - 2035
EU Reference Scenario (Projected price) - 2040
EU Reference Scenario (Projected price) - 2045
EU Reference Scenario (Projected price) - 2050
*All prices are denominated in €2010.

Price (€/tCO2)
€10
€14
€35
€57
€78
€90
€100
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6. What is the European Union Emissions Trading Scheme (ETS)?
The Emissions Trading Scheme is an EU-wide (plus Iceland, Norway, and Liechtenstein) scheme that
regulates the greenhouse gas emissions from particularly energy intensive sectors of the European
economy. Since the previous approach to valuing greenhouse gas emissions in the appraisal of public
investment projects has been based on values derived from this scheme, it is necessary to briefly
describe the ETS and how it operates.
Implemented in 2005, the ETS requires every installation in certain energy intensive industries to
purchase an allowance14 for every tonne of CO2 equivalent emissions the installation emits. The ETS
encompasses around 11,000 heavy energy-using installations, covering around 45% of the EU's total
greenhouse gas emissions. Sectors covered by the ETS currently include electricity generation and
other forms of heavy manufacturing such as steel and cement.
The amount of allowances available in the scheme is capped and will decrease steadily over time,
reaching a decline in the number of available allowances by 43% in 2030. The idea is that by steadily
reducing the quantity of available allowances, the price of an allowance will rise over time, thus
providing an economic incentive to reduce emissions where it is most cost effective to do so.
To give a practical example, since using coal to generate electricity is more carbon intensive than using
natural gas, a rising allowance price will make electricity generated from coal plants more expensive
than electricity generated from natural gas (or indeed carbon free renewables) and we would expect
less electricity to be generated from coal over time.
The ETS is implemented in Ireland via Statutory Instrument No. 490 of 201215, amendments to that SI
and Statutory Instrument No. 261 of 2010. Approximately 100 domestic installations are covered by
the scheme16.
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These allowances are known as a European Union Allowance (EUA) means the tradable unit under the
European Union Emissions Trading Scheme.
15
http://www.irishstatutebook.ie/eli/2012/si/490/made/en/print
16
http://www.epa.ie/climate/emissionstradingoverview/etscheme/accesstocurrentpermits/#d.en.64017
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7. The Limitations of Valuing Emissions using Market Prices in
Policy Appraisal
As noted, the 2012 Working Group on Reflecting the cost of carbon emissions in Cost Benefit Analysis
decided to use the price of an allowance in the EU Emissions Trading Scheme as a proxy for the
valuation of carbon in the public policy appraisal process.
Linking the shadow price of carbon to a traded and liquid commodity provides some degree of
transparency and since the ETS system is designed to steadily reduce the level of carbon emissions
over time, the value of an allowance should also increase over time. Thus, in theory, linking the
shadow price of carbon to the price of an ETS allowance is likely to provide for a rising cost of carbon
which reflects the steadily increasing cost and difficulty that will be faced by Irish society in reducing
greenhouse gas emissions over time.
However, this theory has not been borne out in practice - the prices in the ETS system to date have
been quite volatile and there may be significant structural drawbacks to pricing emissions outside the
remit of the ETS at the same price as those within the scheme.
Firstly, it must be considered whether linking the value of carbon in the entire domestic economy to
the cost of carbon borne by just a sub-sector of industry that is regulated on a European-wide basis is
appropriate.
As noted in the preceding section, the ETS comprises some 11,000 installations across the EU. There
is a fixed amount of allowances available for these installations, which steadily decreases over time.
This means that the price of an allowance in the ETS is a function of the constraint on emissions that
is set by the quantity of allowances issued and its interaction with the marginal abatement costs faced
by those installations participating in the ETS.
The price of an allowance therefore does not represent the cost of reducing emissions in the non-ETS
sectors, nor does it necessarily reveal the strength of public preferences for environmental quality.
The only situation in which the price of an allowance would reflect an appropriate social cost of carbon
is if the quantity constraint set by the number of allowances issued had happened to coincide with
the point where aggregate marginal abatement cost coincided with the social cost of carbon.
There are additional drawbacks. Since the ETS only covers particularly energy intensive sectors of the
economy, energy costs are already likely to represent a higher proportion of the total cost base for
installations in the ETS than businesses or households in the non-ETS sector. Thus general market
pressures will likely provide an additional incentive effect to reduce emissions for installations in the
ETS as compared to the non-ETS.
It could also be argued that it is easier for companies in the ETS to exercise cost effective measures to
decrease their emissions versus those in the non-ETS sector. ETS companies tend to be concentrated
in large, capital-intensive industries, with a relatively small number of individual installations. In
Ireland for example, there are just 100 installations in the ETS and a smaller number of individual
companies responsible for these installations. In contrast, the majority of emissions in the non-ETS
sector are attributable to agricultural emissions, road transport and heating.
In Ireland alone, reducing these emissions means persuading hundreds of thousands of farmers, two
million road users and the owners of 1.7 million homes and circa 200,000 commercial properties to
take individual investment decisions to reduce their greenhouse gas emissions output. Even with the
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levers at the State’s control, from regulation to taxation and expenditure, influencing millions of
individual decisions is likely be harder than influencing just one hundred, where energy is already a
significant expense.
Quantifying the net impact of these structural issues is challenging to say the least. There are a
multitude of issues which may affect the emissions of installations within the ETS sector and so it is
very difficult to separate the causal effect of the ETS allowance price on greenhouse gas emissions
from other correlated factors. The impact evaluation of the EU ETS is an area of active, ongoing
research internationally17.
However, it does raise a significant risk that there are structural reasons to believe that companies
operating in the ETS will be able to decarbonise faster and cheaper than the economy as a whole.
There is some recognition of this in the EU 2030 targets, where emissions in the ETS sector are
required to decline faster than non-ETS emissions18.
The underlying structural issues with using this approach to valuing carbon emissions in appraisal is
exacerbated by the fact that prices for Emissions Allowances (EUAs), have been subject to
considerable volatility and, have over the lifetime of the ETS, in general, remained extremely low 19.
Until recently, EUAs languished at less than €10 per tonne throughout the majority of the scheme’s
lifetime. There has been some increases since mid-2017, but the average allowance price still falls
below the range of the majority of estimates of the social cost of carbon20.
A survey of OECD countries found that the unweighted average value for emissions taking place in
2014 used in appraisal was USD 56, rising to USD 237 in 205021, compared to a figure of €6.32 for 2014
set out in the Public Spending Code. Despite the agreement of reforms to the ETS system in November
2017, opinion is divided on whether these will resolve the problems and lead to an increase in prices
sufficient to drive decarbonisation.
In summary, the singularity of the Irish non-ETS emissions’ breakdown, the volatility of the EUA price,
and the incomplete nature of the ETS, mean that, in our view, the ETS market is likely to be an
inadequate reflection of the cost that will be borne by Irish society to meet climate and energy targets.
Despite the ease of implementation and the transparency of the EUA futures price, its application in
the long-term risks undervaluing the price that society will have to pay in reducing greenhouse gas
emissions and would hence lead to an insufficient level of carbon abatement. An alternative solution
is required.
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For a summary see: Evaluating the EU Emissions Trading System: Take it or leave it? An assessment of the
data after ten years: https://www.imperial.ac.uk/media/imperial-college/granthaminstitute/public/publications/briefing-papers/Evaluating-the-EU-emissions-trading-system_Grantham-BP21_web.pdf
18
EU emissions trading system (ETS) sectors have to cut emissions by 43% (compared to 2005) by 2030. NonETS sectors need to cut emissions by 30% (compared to 2005):
https://ec.europa.eu/clima/policies/strategies/2030_en
19
Prices fell after the financial crisis because free allocation continued at levels based on pre-crisis economic
activity, whereas industrial output contracted. Meanwhile, the spread of more efficient appliances and
renewable sources of electricity cut demand for permits. This left an over-supplied market.
20
Depending on the discount rate used. DEFRA (2005): estimates of the social cost of carbon range from zero
to over £1000/tC, depending on uncertainties in climate and impacts.
21
https://www.oecd-ilibrary.org/docserver/5jrs8st3ngvhen.pdf?expires=1523961877&id=id&accname=guest&checksum=214280405A99F8E17388B4BA3B7753FB
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8. The Optimal Approach to Valuing Emissions
If we deem that the limitations of the Emissions Trading Scheme make the price of an allowance in
that scheme an inappropriate benchmark to use when setting the shadow price of carbon for public
investments in the wider economy, we must consider what alternative approaches might be suitable
for use.
In general, the optimal emissions’ stabilisation goal occurs where the marginal abatement cost (MAC)
is equal to the social cost of producing one more unit of carbon (SCC), in all time periods. What this
means is that as a society we should be prepared to pay a cost to reduce greenhouse emissions, equal
to the expected cost of the damages that these emissions are likely to give rise to. This can be
expressed as:
MAC = SCC over all t= 1, 2, …..,n
The outcome of this stabilisation goal would be a carbon price that sets a pathway towards the
achievement of this goal. This price would incentivise the production of carbon up to the point where
the cost of abating an additional tonne of carbon is less than the social cost of emitting that additional
tonne, in all time periods. Having one price for emissions ensures that the most cost effective
methodologies for reducing emissions are prioritised, regardless of individual sector. The lower the
atmospheric concentration goal, the higher the marginal abatement cost.

However, there are significant practical difficulties in determining both marginal abatement costs
and the social cost of carbon. Therefore, in practice, it is necessary to choose between a number of
suboptimal, but feasible and practicable approaches to valuing greenhouse gas emissions. This
requires an assessment of the various alternatives, and, given the unknowns, a certain degree of
judgement in choosing the appropriate methodology, is required.

9. Alternative Approaches to Valuing Emissions with Imperfect
Information
1. The Social Cost of Carbon
The social cost of carbon attempts to place a monetary value on the expected damage that will be
caused by the increase in global temperatures attributable to increased greenhouse gas emissions in
the atmosphere. This is consistent with the general principle of economic theory that the externalities
of a good should be priced according to the predicted damages these externalities will lead to.
However, estimating the damage that the emission of an additional tonne of carbon might give rise to
at a particular point in time is challenging.
When considering an appropriate social cost of carbon, it is important to understand that carbon is a
stock pollutant. That is to say, each tonne of carbon emitted is in addition to the carbon which has
already been emitted. These emissions only dissipate over a very long time period. This matters
because the damage that climate change will do is dependent on the total amount of carbon present
in the atmosphere, and its relationship with temperatures. In practice, this means that the marginal
impact of an additional tonne of greenhouse gas emissions will be affected by the level of greenhouse
gases already in the atmosphere.
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In essence then, the social cost of carbon is a number which attempts to estimate the economic
damage that an additional incremental tonne of greenhouse gas emissions will give rise to over its
lifetime, with these effects discounted back to the year of its emission. It is typically calculated through
the development of an Integrated Assessment Model (IAM). It is notable that the 2018 Nobel
Memorial Prize in Economic Sciences was jointly awarded to William Nordhaus for his work on this
integrated assessment modelling.
However, developers of these models face significant hurdles. A recent OECD policy document22 on
cost benefit analysis and the environment suggests that four pieces of information are required to
develop an integrated assessment model which can estimate the social cost of carbon. These are:
(i) Future emissions;
(ii) The impact of emissions on geophysical outcomes like temperature and precipitation;
(iii) The impact of geophysical outcomes on economic damages; and
(iv) A welfare calculation of the present value of the damages using social discounting.
The issue, as the OECD report itself notes, is that there is considerable uncertainty associated with
each of these factors.
Even estimating the first factor, the level of future emissions, carries a great deal of uncertainty.
Greenhouse gas emissions growth is, a function of, inter alia, economic growth, population growth,
the progress of technological innovation and the pace of decarbonisation. The Environmental
Protection Agency (EPA) attempts to model this uncertainty and produces annual projections23 of the
level of greenhouse gas emissions that Ireland is likely to see over the medium term.
However, as with any projection of this type, the figures become more uncertain as the period under
consideration lengthens. As such, the EPA only provides an assessment of Ireland's total projected
greenhouse gas emissions out to 2030. Since the typical lifespan of an individual public sector
investment project is twenty to thirty years these projections are inadequate to construct an
integrated assessment model for the social cost of carbon in Ireland.
The impact of emissions on geophysical outcomes is an active area of ongoing research. The recent
International Panel on Climate Change (IPCC) Special Report on Global Warming of 1.5 °C (SR15)24
finds with a high degree of confidence, that “warming from anthropogenic emissions from the preindustrial period to the present will persist for centuries to millennia and will continue to cause further
long-term changes in the climate system, such as sea level rise, with associated impacts.”
This report only looks at the differences in climate outcomes between a 1.5 °C warming scenario and
a 2 °C warming scenario and so may not be suitable for a wider assessment of the likely impact of
emissions on geophysical outcomes. A more comprehensive assessment in the IPCC’s fifth assessment
report25 finds that the equilibrium climate sensitivity (i.e. the possible temperature change
attributable to greenhouse gas emissions) is;
likely to be in the range of 1.5 °C to 4.5 °C (high confidence);
22

https://read.oecd-ilibrary.org/environment/cost-benefit-analysis-and-the-environment_9789264085169en#page335
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http://www.epa.ie/climate/emissionsinventoriesandprojections/nationalemissionsprojections/
24
http://www.ipcc.ch/report/sr15/
25
http://www.ipcc.ch/report/ar5/
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-

is extremely unlikely to be less than 1 °C (high confidence); and
is very unlikely to be greater than 6 °C (medium confidence).

This is a rather broad range and is just based on a probability distribution of numerous individual
scientific assessments. How these effects may translate into specific weather events, and the
economic damage that these events may give rise to, is a further complexity.
The OECD notes that the economic damage is likely to manifest in three ways – i) through damages to
consumption as certain goods and services may become unavailable or increasingly expensive, ii)
through damages to capital stocks, if for example more frequent and violent storms destroy buildings
or infrastructure, and iii) through damages to intangible capital stocks such as heritage or amenities
in the face of rising sea levels. There will also be an increased cost to society as adaptation related
expenditure will have to increase to limit the damage, through measures such as additional flood
defences.
Giving a complete picture of the likely costs we may experience in Ireland would require a microassessment of the vulnerability of a host of sectors to a range of potential weather impacts. Under the
National Adaptation Framework26, a number of Government Departments and all Local Authorities
are required to prepare sectoral adaptation plans which will attempt to assess the vulnerability of the
country to the negative effects of climate change. This first assessment is due in mid-2019 and in the
absence of this work it would not be possible to ascribe realistic appraisals to potential costs.
Regarding the final factor which needs to be considered, the social discount rate, the IGEES Unit in the
Department of Public Expenditure and Reform have completed a research project assessing the
central technical appraisal parameters including the discount rate and this has been published
concurrently with this paper. This work is an input into the overall review of the Public Spending Code.
It finds that a lower discount rate, which is applied hyperbolically, that is to say, it will decline over
time, would be appropriate for use in an Irish context. Altering the discount rate in this regard would
ensure that the economic appraisal of public investments places further emphasis on the long term
impacts these investments may have’.
It could be argued that some of the uncertainty identified above could be resolved through a deeper
examination of each of the causal factors but it also should be noted that some of the uncertainty is
characterised as Knightian uncertainty (i.e. where the risk cannot be represented by well-defined
probability distributions). Knightian uncertainty typically applies to situations where there is no
experience or precedent. The risk of economic damages arising from catastrophic climate change, due
to the increasing atmospheric concentration of greenhouse gas emissions, clearly falls into this
category.
There are further complexities and irreducible uncertainties inherent in calculating an appropriate
social cost of carbon for Ireland. For example, it must be considered whether one global cost of carbon
should be used or whether countries should adopt specific national costs of carbon. There is obviously
only one global climate but the consequences of climate change are likely to fall unevenly. Put simply,
some regions of the world will likely be far more sensitive to the effects of increasing temperatures
than others. Should, therefore, the social cost of carbon reflect the estimated economic costs that will
be borne specifically by Ireland, or a value equal to average global damage estimates?
This disparity is reflected in international climate agreements that divide up the burden of achieving
an overall emissions reductions goal into individual country commitments that, in the EU at least, are
26
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based on fairness, cost-effectiveness and environmental integrity. This implies that each country faces
a different marginal abatement cost. It therefore follows that there is no reason to believe that a
global shadow price of carbon, based on an international trading regime that would allow emissions
reductions to take place where it is most effective, would be consistent with a particular country’s
emissions reductions targets.
These multiple uncertainties are reflected in the sheer breadth of estimates that are available for the
social cost of carbon. The most common international estimates can range from $10 per tonne to well
over $200 per metric tonne, with some outliers suggesting a social cost of carbon as high as $1,000
per tonne. As a result, EU Member States in particular have been departing from the use of a social
cost of carbon in public policy appraisal.
The UK Government concluded in 2009 that an abatement cost model was better suited to valuing
greenhouse gas emissions in public policy appraisal27 and in 2015, the French Government selected
new values for the shadow price of carbon which are based on the estimated cost of meeting French
greenhouse gas emission reduction targets.
With such a range of estimates for a social cost of carbon, it does not appear prudent to base the
public appraisal guidelines on such uncertain grounding.
2. Expert Assessment
As the preceding section illustrates, there are considerable difficulties associated with developing a
realistic social cost of carbon in practice. Given how many individual factors underpin even a simple
integrated assessment model, the interplay of these factors and the contribution each of them makes
towards driving the output of the model can perhaps be quite opaque. This criticism of the social cost
of carbon has been growing in recent years.
As noted, this criticism has been led by Professor Robert S Pindyck. His contention is that the flaws
inherent in integrated assessment models make them unsuitable for use in policy analysis. In his own
words:
“Putting aside the discount rate problem, because of the current limitations of climate science, these
models simply make assumptions about climate sensitivity, that is, the temperature increase that
would result from a doubling of the atmospheric CO2 concentration. The models likewise make
assumptions about the damage function, that is, the relationship between an increase in temperature
and GDP. And the models, which generally focus on most likely outcomes, tell us nothing about tail
risk, that is, the likelihood and possible impact of a catastrophic climate outcome, and the key driver
of the SCC.”28
Many of the points he makes regarding the uncertainty around a social cost of carbon have been
recognised and acknowledged by this paper. His proposed solution is that governments should
consider using an average social cost of carbon instead of a marginal social cost of carbon.
The social cost of a pollutant is typically calculated according to its marginal cost as most pollutants,
including greenhouse gas emissions, are stock pollutants and so using a marginal cost model allows a
27

Carbon valuation in UK Policy Appraisal: A Revised Approach https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/245334/
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Coase Lecture - Taxes, Targets and the Social Cost of Carbon
https://onlinelibrary.wiley.com/doi/full/10.1111/ecca.12243
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comparison to be made between the cost of emitting one extra tonne of this pollutant and the benefit
gained by undertaking the activity. This characteristic means that as the level of greenhouse gas
emissions in the atmosphere increases, the damage caused by additional emissions increases and
hence the social cost of carbon increases (other things remaining equal). This methodology makes any
assessment of the social cost of carbon highly dependent on a series of assumptions regarding future
emissions growth and also highly sensitive to factors such as the discount rate applied.
Professor Pindyck argues that applying an average social cost of carbon (i.e. one that is constant over
the estimated life of a project) will provide a more accurate assessment of the impact of emissions as
it would be more consistent over time and less influenced by the weighting we might place on future
welfare (i.e. the discount rate).
This is a new and interesting argument. However, even if we were to accept the use of an average
social cost of carbon, the question of how an average social cost of carbon could be calculated still
remains. Rather than the development of an integrated assessment model, Professor Pindyck suggests
that polling certain experts on a few questions might provide a more simple and transparent
assessment of the social cost of carbon. The questions to be posed to experts are:
(i) The probabilities of alternative economic outcomes of climate change, but not the
causes of those outcomes; and
(ii) The reduction in emissions needed to avoid or limit those outcomes.
In Professor Pindyck’s view, by combining the answers received, one can calculate the likelihood of a
particular climate outcome and the amount of abatement needed to avert it. The social cost of carbon
can then be linked to the cost estimated to be associated with whichever outcome society would
prefer to achieve.
Professor Pindyck offers an insightful criticism into the limitations of integrated assessment models,
their lack of transparency and the difficulty in using them in policy analysis. His alternative hypothesis
is interesting but untested and would seem to have some practical difficulties. For example, to answer
the questions posed by Professor Pindyck an individual researcher would, in effect, have to internalise
many of the questions posed by a social cost of carbon, from the likely level of emissions growth, to
the most likely geophysical outcomes of a range of scenarios. The question must be asked whether
adopting this approach simply moves the “black box” from the integrated assessment model to the
minds of individual researchers.
There are also numerous practical considerations, for example, who are the experts who should be
chosen to answer the questions posed? Economists may have more insight into the likely economic
impacts of some climate scenarios but are unlikely to be able to quantify the emissions needed to
avoid these outcomes with the same degree of accuracy as dedicated climate scientists. There is also
a potential risk that individual respondents could seek to influence government policy by supplying
answers designed to specifically change policy rather than inform it. This risk could be mitigated by
widening the pool of respondents and disregarding outliers but would there be sufficient respondents
familiar enough with this topic to permit this?
This approach would also seem to provide a global social cost of carbon, however, as the preceding
section notes, there is no reason to believe that a global social cost of carbon would be consistent with
a particular country’s emissions reductions targets. In the absence of a comprehensive trading regime,
it appears inappropriate to use a global price and indeed, most nations appear to have adopted locally
specific costs of carbon into their public appraisal guidelines.
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This is clearly an area worthy of further consideration and the Department would be very appreciative
on the views of respondents on merits of the alternative methodologies proposed by Professor
Pindyck.
3. Marginal Abatement Cost
An approach to valuing greenhouse gas emissions in public policy appraisal that has been growing in
popularity internationally is the use of an abatement cost model. This involves pricing greenhouse gas
emissions according to the estimated marginal abatement cost (MAC) of measures that will be
necessary to achieve a given greenhouse gas emissions reduction target. This approach is also
sometimes known as the target consistent approach. The target in question can be purely national or
based on a national commitment to meet an international target.
In practical terms, it means that when we are considering the emissions that a new public investment
may give rise to, these additional emissions should be valued at the estimated cost that society will
have to bear to exercise the last mitigation option necessary to achieve the climate targets the country
has pledged to achieve. The logic behind this approach is clear: once a national commitment has been
made to a specified target, additional emissions in one area of activity will require additional
abatement elsewhere and so the additional emissions should be priced at this estimated cost of this
abatement.
Adopting this model to calculate the shadow price of carbon to be applied in public appraisal should
provide an additional impetus towards cost effectiveness in policy appraisal. Using a marginal
abatement cost model means considering the opportunity cost of a change in emissions. If a project
or programme generates carbon abatement at lower cost per tonne than the marginal abatement
cost at the target, society can gain by displacing the most costly abatement that would otherwise be
needed to achieve the target.
It is a significant departure from a social cost model. Relative to the social cost method, a marginal
abatement cost approach is merely measuring the ability to achieve an arbitrary target, rather than
the ability to minimise the damage that may be caused by additional emissions. The approach assumes
that the targets are worthwhile in themselves and that policy can and may be halted on the basis that
it does not contribute adequately to the achievement of these targets.
Adopting a marginal abatement cost model does not imply that the benefit of abatement to society
at a particular target is equal to the marginal abatement cost at that point. It may in fact be even more
valuable for society to reduce emissions than this model implies (or vice versa). However, it is an
explicit objective of the EU’s climate targets that they are apportioned on the basis of fairness, costeffectiveness and environmental integrity and this balance between the adequacy of climate targets
versus the potential economic cost that may be incurred by climate change is best resolved at the EU
level, rather than through national approaches to policy appraisal.
In contrast to myriad uncertainties surrounding the social cost of carbon, there are really only two
uncertainties that need to be resolved to derive appropriate values for greenhouse gas emissions
using an abatement cost methodology. These are:
(i) The climate targets we face; and
(ii) The estimated marginal abatement cost of reaching these targets.
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The 2009 EU Effort Sharing Decision (ESD)29 set individual Member State targets for national (non-ETS)
emissions (effectively greenhouse gas emissions associated with heating in buildings, transport and
agriculture). The target agreed for Ireland for the year 2020 is that non-ETS GHG emissions should be
20% below their level in 2005, compared to an EU average reduction of 10%.
Similarly, the EU Effort Sharing Regulation, sets out a binding greenhouse gas emission reduction
target of 30% for Ireland for the period 2021–2030. There are no legally binding climate targets
beyond 2030 but the Government has adopted a National Policy Position which calls for:


An aggregate reduction in carbon dioxide (CO2) emissions of at least 80% (compared to 1990
levels) by 2050 across the electricity generation, built environment and transport sectors;



In parallel, an approach to carbon neutrality in the agriculture and land-use sector, including
forestry, which does not compromise capacity for sustainable food production.

It is fully anticipated that the commitments of the Paris Agreement will be translated into future legally
binding greenhouse gas emissions targets for individual Member States as part of the EU’s climate and
energy objectives.
The estimated marginal abatement cost that Ireland is likely to face to reach these targets has been
assessed by the Government’s climate change Technical Research and Modelling Group (TRAM).
Deriving Marginal Abatement Cost Values
The Department of Communications, Climate Action and Environment (DCCAE) commissioned Science
Foundation Ireland (SFI), the Marine Renewable Energy Research and Development (MaREI) Centre at
University College Cork (UCC) and the Economic and Social Research Institute (ESRI), to provide
technical and economic advice and guidance on the development of the National Mitigation Plan for
Ireland, as required under the Climate Action and Low Carbon Development Act (2015).
The aim of this research work was to analyse the cost implications of Ireland’s medium and long term
ambitions in transitioning to a low carbon economy. The analysis examined the energy-component of
Ireland’s greenhouse gas emissions in those sectors outside of the Emissions Trading Scheme by the
year 2030, relative to 2005. What this means in practice, is that the research work focused on energy
use in the transport, residential and services sectors. Emissions in the other non-ETS sectors (i.e.
agriculture and waste) were assumed to be in line with EPA projections30.
The analysis used scenarios generated via the Irish TIMES energy systems model31 to produce the
estimated marginal carbon abatement cost values that society would face in meeting Ireland’s climate
and energy targets. If these marginal abatement cost values are adopted as a shadow price of carbon,
it would provide for an uneven and sharply increasing shadow price of carbon over time, as the figure
below illustrates:
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Decision No. 406/2009/EU - https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32009D0406&rid=7
30
The analysis also covers, albeit in less detail, the sectors involved in the ETS (i.e. electricity generation and
industry).
31
https://www.epa.ie/pubs/reports/research/climate/Irish%20TIMES%20Energy%20Systems%20Model.PDF
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Figure 1: TIMES model - Estimated marginal abatement cost of carbon (y-axis) over time (x-axis)
A rapidly fluctuating shadow price of carbon is not appropriate for use in the Public Spending Code as
it could provide an unintended incentive to accelerate or delay projects. The Public Spending Code
needs to provide an unambiguous signal that there will an increasing cost associated with the emission
of any additional greenhouse gas emissions over time, as climate targets become increasingly
stringent and more costly options have to be exercised in order to reduce emissions.
To ensure that appraisal is conducted in a transparent and consistent manner, the decision has been
made to smooth the increases in the shadow price of carbon over the 2020-2030 period but to still
aim for the abatement cost that the model projects Ireland will face in 2030. This provides for a
shadow price of carbon that starts at €20 per tonne in 2019 (equivalent to the national carbon tax),
increasing to €32 per tonne in 2020 (in line with the modelling) and thereafter increasing by €6.80 per
year over 2021-2030 period to reach a value of €100 per tonne in 2030.
Marginal Abatement Costs Values Post 2030
At present, Ireland has no specific annual emission reductions target post 2030. However, Ireland’s
National Policy Position is to achieve:


An aggregate reduction in carbon dioxide (CO2) emissions of at least 80% (compared to 1990
levels) by 2050 across the electricity generation, built environment and transport sectors;



In parallel, an approach to carbon neutrality in the agriculture and land-use sector, including
forestry, which does not compromise capacity for sustainable food production.

Measuring carbon abatement costs is, by its very nature, complex and fraught with uncertainty. The
level of uncertainty increases as we move further into the future and make a growing number of
assumptions about future technological innovations and climate policy. This extends to
interdependencies and interactions between the uncertainties. For a given year and CO2 price level,
the overall abatement level and the technology-specific abatement level can vary significantly
depending on earlier investment, which can drive down technology costs.
28

Furthermore, as energy prices affect individual abatement costs in different ways, the decarbonisation
pathway itself will change the shape of future MAC curves. Hence, the emissions pathway and the
trajectory of the carbon price up to each point in time have an impact on the abatement curve beyond
that point. It is also worth noting at this point that beyond 2030, and particularly out towards 2050, it
is difficult to envisage what the trading regime for carbon emissions may look like. Values based on
abatement costs in the non-ETS energy sectors may be less likely to reflect accurately abatement costs
for the economy if the emission trading system expands.
The modelling undertaken in support of the National Mitigation Plan suggests that post 2030, the cost
of reducing emissions begins to rise at an extremely sharp rate. Under this model, carbon prices
potentially rise to €560 by 2050. Compared to a current carbon tax of €20/tonne this is equivalent to
annual average growth rate of 10.6% per annum in carbon prices.
Given the limitations in forecasting, it is proposed that the marginal abatement cost value post 2030
should instead increase linearly at a rate of 5% per year post 2030. It is acknowledged that this
approach is somewhat arbitrary. However, on the basis of the information available to us at this point
in time, it appears that an increase of this order is more in line with international expectations of
future abatement costs and the carbon price necessary to drive them.
The resulting figures are: €128 for 2035, €163 for 2040, €208 for 2045 and €265 for 2050. The figure
below illustrates the proposed shadow price of carbon for the Public Spending Code:
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Figure 2: Proposed shadow price of carbon (y-axis) for the period 2020-2050 (x-axis)
Limitations of the Marginal Abatement Cost Model
The research work highlighted above provides an estimated marginal abatement cost consistent with
achieving a given level of emissions reductions. However, as noted, it is an energy model only. There
is no model currently available to Government which details abatement costs for the entire economy.
In the absence of such a model it is proposed that values derived using the TIMES model will be used
as a proxy for the economy as a whole, up to 2030.
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The benefit of using this sort of model is that all potential policies are considered in achieving our
climate targets. This, in turn, means that emissions reductions are achieved at least cost to the
economy as a whole. However, the Irish TIMES model assumes that non-energy agricultural emissions
and emissions from waste change in line with the EPA’s With Measures projections for non-CO2. As
such, these values are inputs to the model and are not flexible in achieving our EU 2030 climate and
energy targets.
While the use of a sectoral, rather than national, model is not ideal, this methodology can be justified
based on our understanding of the predominant role that the transport, services and residential
sectors will likely play in meeting Ireland 2030 climate and energy targets. The feasible level of
abatement from non-CO2 greenhouse gas emissions remains uncertain and it has been suggested that
mitigating emissions in the agricultural sector will be extremely difficult for Ireland.
Non-CO2 greenhouse gas emissions can be volatile and the measurement methodologies tend to be
cruder. Policies in this area are also significantly underdeveloped. Therefore, it could be considered a
more conservative approach to value abatement costs for Ireland excluding policy options aimed at
non-CO2 emissions. However, similar difficulties led the UK’s Department of Energy and Climate
Change to conclude in their report Carbon Valuation in UK Policy Appraisal: A Revised Approach (2009)
to include non-CO2 GHG emissions abatement in their MAC curves for the non-ETS sector. It was felt
this would provide the impetus to bring a greater focus on mitigation policy development in these
areas. Abatement costs were also provided in the report where no non-CO2 GHG abatement potential
was considered feasible. This, being a more conservative approach, resulted in higher abatement cost
values.
At present, given the lack of technical work on these non-CO2 policies and their emissions impacts,
this approach is considered to be most relevant for Ireland. As such, the costs produced for the nonETS energy sectors are intended to be used as a proxy for the entire economy’s marginal abatement
costs out to 2030.
About the TIMES Model
TIMES models are used in over 70 countries worldwide, including a number of EU Member States. It
provides a means of testing energy policy choices and scenarios, and assessing the implications for the
Irish economy, Ireland’s energy mix and greenhouse gas emissions. It was used to inform Ireland’s
negotiations with the EU regarding the 2030 emissions reduction target for Ireland32, the development
of the Climate Action and Low Carbon Development Act 33 and the White Paper on Energy34.
The objective of useful systems modelling is to provide an evidence base to inform policy decision
regarding potential future energy system configurations.35 The modelling is necessarily based on a set
32

Chiodi A., Taylor P., Seixas J., Simões S., Fortes P., Gouveia J., Dias L. and Ó Gallachóir B.P. 2015 Energy
Policies Influenced by Energy Systems Modelling—Case Studies in UK, Ireland, Portugal and G8 Chapter in
Springer Book Informing energy and climate policies using energy systems models’ pp 15-41 (ISBN 978-3-31916539-4)
33
Ó Gallachóir B.P., Deane J.P., Chiodi A. 2016 Using energy systems modelling to inform Ireland’s low carbon
future. Chapter in Routledge Book Transdisciplinary Perspectives on Transitions to Sustainability ISBN
9781472462954
34
Deane J.P, Curtis J., Chiodi A, Gargiulo M., Rogan F., Dineen D., Glynn J., Fitz Gerald J. and Ó Gallachóir 2013
Low Carbon Energy Roadmap for Ireland. Report published by the Department of Environment, Community
and Local Government.
35
The current modelling framework does not include a direct feedback between the outputs of the Irish TIMES
energy system model and the economy. For this reason, a current project is underway to develop the Irish
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of assumptions. These assumptions are a snapshot of potential outcomes that may be realised, and
as such are not prescriptive. In the case of the Irish TIMES energy systems model these include
assumptions that:






Ireland meets the target to cut greenhouse gas emissions by 30% (compared to 2005
levels) which was proposed by the European Commission in the 2016 Effort Sharing
Proposal (ESP) for the non-ETS sector.
The EPA With Measures projections for non-CO2 non-ETS emissions (non-energy
agricultural emissions and emissions from waste) in the 2021-2030 period occur.
The remaining carbon budget is allocated between the transport, services and residential
sectors (also included is energy use in agriculture and small industries not participating in
the ETS).
With respect to macroeconomic assumptions, the Irish TIMES model is driven by a
macroeconomic scenario covering the period to 2050, which is based on the ESRI HERMES
macroeconomic model of the economy. HERMES is used for medium-term forecasting and
scenario analysis of the Irish economy.

Given these assumptions, the weight of decarbonisation to 2030 falls on the transport, residential and
services sectors.

Economy, Energy and Environment model (the I3E model) which will connect energy and economic modelling
for Ireland in a robust way.
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10.

Valuing Emissions in the Emissions Traded Sector

The existence of a fixed cap and trade system within the ETS essentially means that emissions in the
two different sectors (ETS and non-ETS) are different commodities. There are essentially two
emissions targets – one which applies specifically to Ireland’s non-ETS emissions (-30% by 2030) and
one which applies to all installations participating in a European-wide trading scheme (-43% by 2030).
Applying the same logic as used in the valuation of emissions in the non-traded sector, i.e. that
emissions should be valued according to the marginal associated with the achievement of climate
targets, thus implies that a separate valuation is required for emissions in the ETS sector.
The cost of emissions abatement in the ETS is the price of an allowance that is available under that
scheme. However, since the quantity of allowances available in the ETS is fixed, reductions in
emissions from Irish installations within the ETS results in lower demand for allowances domestically
and hence allows for greater amounts of allowances to be bought elsewhere within the EU. Thus, any
policy which focuses on emissions reductions that occur in the ETS sector do not lead to any overall
change in European emissions. This does not mean that options in this sector should be ignored,
simply that they should be valued appropriately.
The benefit of the abatement in any project is representative of the marginal reduction in abatement
costs elsewhere, in that it displaces more costly abatement for cheaper abatement options. The value
of this depends on the costs saved by other emitters within the trading system. The value of these
costs on the margin is given by the EU ETS-price, (i.e. the price induced by the climate policy). Within
a marginal abatement cost model of valuing carbon, for projects and policies affecting carbon
emissions in a sector within the ETS, it is thus considered appropriate to value the additional carbon
emissions reductions at the market allowance price.36
This approach is underpinned by advice from the OECD:
“That is, if emissions are covered by a tradable permit scheme, any quasi-reductions in CO2 emissions
generated by a project should be valued at the market price for emission permits, since the permit
price reflects the marginal cost of abatements which now are avoided.”37
Forward prices for allowances in the ETS are available from public exchanges which quote prices for
up to three years in the future (December 2021). For the short term values of allowances, the average
of these observed market values from public exchanges will be used to derive the value of allowance.
This data suggests an ETS price that will fluctuate to only minor degrees over the next three years:
Table 3: Forward ETS Prices
Date
MAR 19
SEP 19
DEC 19
MAR 20
DEC 20
DEC 21

Price per Allowance
€17.370
€17.550
€17.560
€17.700
€17.980
€17.970

36

https://www.oecd-ilibrary.org/docserver/5jrs8st3ngvhen.pdf?expires=1523879104&id=id&accname=guest&checksum=18E2E4B3AE818459B0A4110AB567E680
37
https://www.oecd-ilibrary.org/docserver/5jz40rmnqzvcen.pdf?expires=1524045744&id=id&accname=guest&checksum=ABC61BE1CF418019AE0231086C1EC9F8
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However, there is no liquid market for allowances post three years and hence a modelled approach
to ETS prices must be used to derive longer term estimates for ETS allowance prices. The EU produces
a periodic Reference Scenario, which attempts to model greenhouse gas emissions from EU Member
States out to 2050 and the factors which influence these, such as ETS prices. It explicitly not a forecast
of what is likely to happen in the future, but it does provide a benchmark against which new policy
proposals can be assessed and national experts from all EU countries actively participate in its
preparation.
The current reference scenario (2016)38 provides estimates for ETS allowance prices that are
reasonably similar to some of the market-based projections, since it projects that the ETS price will
follow only a slowly increasing trend until 2025, with stronger increases thereafter. It attributes this
slow rise to a decline in carbon-intensive power generation as the cost of renewables continues to fall.
This reinforces our conclusion that the ETS system is likely to face lower decarbonisation costs than
society as a whole.
It is proposed that the values provided in this EU reference scenario will be used in the Irish Public
Spending Code for medium and long term projections of ETS prices.
It should be noted that in 2018, EU governments have formally requested the European Commission
to draw up a proposal for a long-term emissions reduction strategy in line with the Paris Agreement
within a year. It is likely that this conducting this analysis will lead to creation of new ETS price
projections. When these are published by the EU Commission, the values used will be incorporated in
the Public Spending Code.

38

https://ec.europa.eu/energy/sites/ener/files/documents/ref2016_report_final-web.pdf
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11. International Examples on the Valuation of Greenhouse Gas
Emissions in Public Policy
USA39
The United States Environmental Protection Agency (US EPA) and other federal agencies use a social
cost of carbon approach to value the climate impacts of policy. The social cost of carbon gives a dollar
measure of the damage done/benefit produced by emitting/abating a tonne of carbon.
An interagency group was setup on 2009 by the Council of Economic Advisers and the Office of
Management and Budget to decide the optimal way to monetise emissions and to ensure greater
levels of consistency across Federal agencies in valuing emissions. This group identified a set of
assumptions which were subsequently used by the US EPA to estimate the social cost of carbon, using
three integrated assessment models. It was recommended that four estimates for each emissions year
be applied in regulatory analyses. Three based on the average social cost of carbon from the three
integrated assessment models (at discount rates of 5, 3, and 2.5 percent40) and a fourth value, based
on a 3 percent discount rate, is included to represent the marginal damages associated with lowerprobability, higher-impact outcomes. The values were updated in 2013 and are as follows:
Table 4: USA: Social Cost of CO2, 2015-20501 (in 2007 dollars per metric ton CO2)
Source: Technical Support Document: Technical Update of the Social Cost of Carbon for
Regulatory Impact Analysis Under Executive Order 12866 (May 2013, Revised August 2016)
Discount Rate and Statistic
High Impact (3% 95th
Year
5% Average
3% Average
2.5% Average
percentile)
2015
$11
$36
$56
$105
2020
$12
$42
$62
$123
2025
$14
$46
$68
$138
2030
$16
$50
$73
$152
2035
$18
$55
$78
$168
2040
$21
$60
$84
$183
2045
$23
$64
$89
$197
2050
$26
$69
$95
$212
1
The SC- CO2 values are dollar-year and emissions-year specific.
France
In order to guide investment decisions, the French government has included a shadow price of carbon
in project assessment. The shadow price is taken from the work of the Quinet Commission41. These
figures were revised in 2015 to introduce a carbon-price component that will reach €56/tCO2 by 2020
and €100/tCO2 by 2030. It represents the implicit carbon price corresponding to the so-called “factor

39https://www.epa.gov/sites/production/files/2016-12/documents/social_cost_of_carbon_fact_sheet.pdf
40

Social cost of carbon estimates based on several discount rates are included because the value is highly
sensitive to the discount rate and no consensus exists on the appropriate rate to use for analyses spanning
multiple generations.
41
http://www.ladocumentationfrancaise.fr/var/storage/rapports-publics/094000195.pdf
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4” (a reduction by a factor of four in greenhouse gas emissions by 2050), which has since been replaced
by a carbon neutrality target in 205042.
Table 5: France: Shadow price of Carbon Quinet Commission (in 2008 euros per metric tonne)

Recommended value of CO2

2010
32

2020
56

2030
2050
100
200 (150-350)
Source: Centre d’analyse strategique

United Kingdom
Under the new approach to valuing greenhouse gas emissions adopted by the Government of the
United Kingdom in 200943, the precise valuation methodology differs according to the specific policy
question being addressed:


For appraising policies that reduce / increase emissions in sectors covered by the EU ETS, and
in the future other trading schemes, a “traded price of carbon‟ will be used. This will be based
on estimates of the future price of EUAs and, in the longer term, estimates of future global
carbon market prices;



For those emissions outside the ETS, the values used are based on estimates of the marginal
abatement cost (MAC) required to meet a specific emission reduction target;



In the 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.



The role played by the social cost of carbon has been reduced to an important input to the
setting emissions reductions targets and global stabilisation goals.

42

https://www.gouvernement.fr/en/climate-plan
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/245334
/1_20090715105804_e____carbonvaluationinukpolicyappraisal.pdf
43
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12. Non-Greenhouse Gas Emissions and the Public Spending
Code
Section E-05 of the Public Spending Code also deals with the measurement and valuation of certain
other non-greenhouse gas emissions that nevertheless can impact human health and hence should be
considered in the appraisal of any public investments. These emissions are:





Those nitrogen oxides that are most relevant to air pollution, collectively known as NOx
Those sulfur oxides that most relevant to air pollution, collectively known as SOx
Fine particulate matter with a diameter of less than 2.5 micrometers, also known as PM2.5
Non-methane volatile organic compounds (NMVOCs)

The current guidance suggests that when conducting an analysis, the impact of these non-greenhouse
gas emissions should be considered and where such emissions are considered relevant, significant and
practicable for inclusion, the values used in the appraisal should be based on the values provided in
the Department of Transport, Tourism and Sport’s Guidelines on a Common Appraisal Framework for
Transport Projects and Programmes44.
Rationale for Inclusion in the Public Spending Code
Like greenhouse gas emissions, most sources of air pollution can be considered to be an externality.
That is to say, the sources responsible for these emissions often face no direct cost associated with
their production and the consequences of this production can affect parties unrelated to the source
of the emissions. In these circumstances, more emissions may be released than if the producer were
required to pay all associated environmental costs.
This is particularly relevant for those non-greenhouse gas emissions linked to air pollution as the level
of air pollution in the atmosphere can have a significant impact on public health. The most recent
European Environment Agency/World Health Organisation estimates45 for the premature mortality
attributable to air pollution in Ireland suggests that approximately 1,500 premature deaths per year
can be linked to air pollution.
As this paper noted at the outset, the best means of limiting the negative consequences of an
externality is to ensure that it is appropriately priced. There is a well-established literature which has
established monetised values for the costs of air pollution to society. Therefore there is a clear
rationale for ensuring that the Public Spending Code takes account of the consequences of changes in
the level of these non-greenhouse gas emissions that public investments may give rise to.
Valuing Non-Greenhouse Gas Emissions in the Public Spending Code
Air pollution, especially fine particular matter (PM2.5) in the air46, affects human health by penetrating
deep into the lungs and crossing into the blood stream where it can play a role in precipitating
cardiovascular disease and strokes. In addition to the impact on public health, air pollution also causes

44

Common Appraisal Framework for Transport Projects and Programmes, DTTAS March 2016.
Air quality in Europe- 2017 report
46
Fine particulate matter or PM2.5 is defined as particulate matter with an aerodynamic diameter less than 2.5
microns.
45
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damage to the natural capital of the environment and the wider ecosystem, through deposition of air
pollutants in the environment.
The European Commission has published a number of studies providing estimates for the monetised
costs of air pollution47. There are a number of different approaches that can be taken to the valuation
of damage from air pollution, but the approach taken by the EU to evaluate air pollution effects is the
damage cost approach or the dose-response method.
This method focuses on the quantification of the explicit impact that the emissions have on human
health, environment and economic activity. Efforts undertaken in the last 20 years to develop
standardised approaches involve a detailed analysis of the long chain of events preceding the final
impact on the exposed population. The EU under its ExternE projects defined this approach as the
Impact Pathway Approach (IPA). The IPA follows a logical, stepwise progression from pollutant
emissions to the determination of impacts and subsequently to the quantification of economic
damage in monetary terms. The key steps of the IPA are illustrated below:

Figure 3: The Integrated Pathway Approach to valuing damage costs from air pollution.
Application of the methodology results in the estimation of damage costs resulting, primarily from
human exposure to air pollution. The table below sets out the estimated damage values by EU
Member State for the main pollutants associated with transport. The main damage values arise from
exposure to fine particulate matter. The damage values are most significant for PM2.5 and are
disaggregated by rural, suburban and urban exposure, to reflect the increased damage costs in more
densely populated areas where human exposure is higher. These values are the same as those used
by the Department of Transport, Tourism and Sport in their aforementioned guidelines for assessing
the air pollution impacts of road projects.
Table 6: Estimated damage costs of main pollutants from transport, in € per tonne (2010)

47

Update of the handbook on external costs of air pollution 2014
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Proposed Methodology
Given the advances in methodology and the clear link between air pollution and quantifiable health
impacts, it is proposed that the references to the consideration of non-greenhouse gas emissions
linked to air pollution within the Public Spending Code be strengthened.
It will now be a requirement for the cost benefit analysis of those projects which may give rise to
significant increases in air pollution to estimate the level of these emissions over the lifetime of the
project and price them according to the values presented in the table above. The estimated for future
years values will be discounted using the standard test discount rate.
Further Research
The Environmental Protection Agency is currently extending its air pollution monitoring network. This
will enable a more detailed assessment of local air pollution levels in Ireland. In addition, more recent
evidence on the impacts of Nitrogen Dioxide (NO2) on human health and updated census data from
Census 2016 is now available. Finally, the Environmental Protection Agency has funded research to
estimate the damage associated with ammonia emissions that arise primarily from the agriculture
sector. There are currently no values for these emissions under the EU approach.
The use of this additional and more up to date local data will help to better estimate the marginal
damage from air pollution in Ireland will be considered in the development of Ireland’s National Clean
Air Strategy which is scheduled for publication in late 2018.
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