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Executive Summary

The quality of the air impacts upon people’s health and the environment. Air pollution is
estimated to reduce life expectancy of people in the UK by 6 months on average, imposing
a cost of around £16 billion per year’. Despite substantial improvements that have
reduced these adverse effects, air quality in some locations remains a notable concern.
Minimum air quality standards in some areas are not being delivered, in particular the NO,
annual mean limit of 40ug.m™ which was breached in 40 out of 43 zones in 2010.

This guidance provides an overview of the abatement cost methodology which is designed
to value changes in air quality linked to breaches of legally binding obligations. It describes
the abatement cost valuation process and highlights sources of further information,
building on the principles set out in Air Quality Appraisal — Valuing Environmehtal Limits?.
This methodology has been developed by Defra with support from the Interdepartmental
Group on Costs and Benefits (IGCB), a Defra-led group of governmentanalysts that
provides advice relating to the quantification and valuation of local envisonmental impacts.

Supplementary Green Book guidance on valuing chamges in ajr quality explains how to
incorporate air quality impacts into policy appraisal®Un most&ases changes in air quality
should be valued using the impact pathway appfogach. Jheabatement cost approach
should be used only when air pollution is in bteach ofjegally binding obligations; or when
breaches are expected as a result of a prdpesal. Lhe primary source of obligations is the
Air Quality Directive.

When pollution is in breach of legéally’ binding*obligations action to reduce emissions is
needed. If a policy affects compliance tis“alters how much abatement action is required to
ensure compliance. The abatement-€ést approach informs decision-making by estimating
the value of such changestin abatement activity. For increases in pollution the abatement
cost reflects the assqciated inerease in the cost of action while for reductions in pollution it
reflects a benefit in terms of.avoided costs of action. Where a policy affects compliance the
abatement casi-@pproaceh,replaces the existing impact pathway approach, which remains
best practice for changés not affecting compliance with legally binding obligations and
estimates the saciall€osts of changes in air quality.

There are two parts to the abatement cost approach: the scientific assessment and the
economic assessment. The scientific assessment reviews whether a decision is likely to
result in non-compliance with a legally binding obligation, taking a proportionate approach
depending on the expected scale of the air quality impacts. The economic assessment
then values the change in air quality estimated by the scientific assessment, producing a
monetary estimate of the air quality impact.

! http://archive.defra.gov.uk/environment/quality/air/airquality/panels/igcb/documents/100303-ag-valuing-
impacts.pdf

2 As above.

3 Available at www.gov.uk/air-quality-economic-analysis
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Drivers of air pollution vary between areas and so the best abatement options will often
depend on the local situation. As bespoke local-level assessments to identify the best
options are resource intensive, standard unit costs have been developed to help inform
decision making. They help indicate the scale of air quality impact from key pollutants and
can inform what level of analysis will be proportionate. This guidance explains when unit
costs should be used, and how they should be applied.

Unit costs help to determine whether more detailed abatement cost analysis is needed. If
the air quality impacts are valued at more than £50m using unit costs it is suggested that a
full abatement cost analysis might be necessary. This guidance provides an overview of
what such analysis entails. We recommend that you contact Defra in such cases for
advice on what is proportionate. The advice might be to continue to use the unit costs
approach, to use available abatement cost tools, or to undertake bespoke analysis.



1. Introduction

1. The quality of the air impacts people’s health and the environment. A conservative
estimate for one type of air pollution (particulates) is that it reduces life expectancy in
the UK by six months on average, worth £16 billion per year”. It is also estimated that
pollution levels affecting over half of the world’s habitable areas could lead to
“significant harmful effects” on the environment®.

2. Significant progress has been made in improving air quality. However there is still
more to do to ensure that the decisions made by individuals, businesses and the
public sector deliver cleaner air, both for today and for future generations. To help
with this it is therefore important that the air quality impacts of any proposed policy,
programme or project are understood and proportionately accounted forin appraisal
and decision making. Q \

3. This guidance has been produced by Defra with the support of (@Qnterdepartmental
Group on Costs and Benefits (IGCB), a group th @wde @\nce relating to the
quantification and valuation of local enV|ronm pa epending on the
circumstances different methodologies WI|| r@%ed for valuing changes in
air quality.

4. This guidance focuses on one of the \#ethec&gles the abatement cost approach.
It explains how to value the air qu%ty im of a proposal that changes air quality
above a legally binding obliga his aéroach is only recommended for use on

emissions above legally bu@obl ns, where a decision is likely to:

e Cause an exceede @'of a \Ily binding obligation;

e Increase emissi r@a where a legally binding obligation is already being
breached; or O

e Reduce e n area where a legally binding minimum obligation is
already.eing b

5. This th,éﬁore,?gérs decisions which would cause an exceedence and those which
would worsen,or improve an existing exceedence. Other objectives such as target
values which are not legally binding should not be valued using the abatement cost
methodology. In all other circumstances valuation should be undertaken using either
the impact pathway approach or damage cost approach®. Figure 1 illustrates how to
identify the appropriate approach.

* http://archive.defra.gov.uk/environment/quality/air/airquality/panels/igch/documents/100303-ag-valuing-
impacts.pdf

® http://archive.defra.gov.uk/environment/quality/air/airquality/strategy/documents/air-qualitystrategy-vol1.pdf
6 www.gov.uk/air-quality-economic-analysis
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Figure 1: Overview of air quality valuation methodologies
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20nly emissions that occur above the legal obligation should be valued using unit costs.
Emissions below this level should be valued using damage costs.




6. The UK has a number of legally binding obligations established to manage the risk to
health and the environment. They restrict the levels at which particular substances
can be present in the air or the total amount which can be emitted and are set in EU
directives, primarily the Air Quality Directive. Annex A provides further details of
these obligations.

7. The obligations were set using the best available scientific and medical evidence on
the effect of pollutants on health and the wider environment. The complexity of the
science is such that standards have to be set without perfect information, but
applying these obligations allows the risks to be managed. Currently the UK is
projected to comply with the majority of its obligations. However, compliance with
certain obligations is uncertain, particularly the EU limit values for nitrogen dioxide
(NO>) and particulate matter (PM4p). The abatement cost approach can be applied for
any pollutant where legally binding obligations are expected to be breached.

8. If legally binding obligations are not met remedial actions will be negded to restore
compliance, or fines will be imposed. Consequently decisions thatresult in non-
compliance may create substantial financial liabilities. The abatément cost approach
recognises this, and values any changes in air quality that@xteed an obligation at
the cost of subsequently restoring compliance AL ke apptdach is only recommended
where pollution is already in breach of legally binding\gbligations, or where this is
expected as a result of the policy under¢onsideration. The approach should not be
used for objectives that are not legallyhinding\nor when setting targets or binding
obligations. The impact pathway gpproach i§appropriate for such circumstances.

9. For decisions likely to result in\exceedences the approach estimates the change in
cost to restore compliance¢for decisions that improve air quality the approach
values the benefit in tepms’of the)cost of avoided compliance activity. A full
explanation of the basis*on which this approach was adopted is available in Air
Quality Appraisaf<\\Valuing\Environmental Limits’.

10. The abatement cost.approach has two parts: the scientific assessment and the
economit(assessment. While the focus of this guidance is on the economic tools for
valuationy an o0iline of the scientific assessment is included with links to more
detailed infermyation. The scientific assessment reviews how a decision is likely to
affect air quality and compliance with relevant legally binding objectives. The
‘compliance gap’ is the difference between air quality with the decision and the
relevant obligation (unless non-compliance is forecast both with the decision and in
the baseline, in which case it is the difference between the two outcomes).

" Available from www.gov.uk/air-quality-economic-analysis
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11.

12.

The economic assessment then places a monetary cost estimate on the change in
air quality represented by the compliance gap. Which value is applied will depend
upon the specific situation. A four stage methodology has been developed:

Estimate the likely scale of the impact on emissions by applying damage costs to
the change in emissions.

Identify whether there is expected to be any impact on compliance with legally-
binding obligations.

Estimate the value of the change in air quality using unit abatement costs, which
provide an indicative marginal cost per tonne of emission based on the average
marginal abatement technology. This provides an easy to use indicative estimate
of the abatement impact.

Where a decision is likely to have a significant impact on compliance (suggested
as a value greater than £50m) then more detailed analysis may be justified. One
approach to such an analysis is the use of Marginal Abatement C urves
(MACCs). The flexibility of this approach provides a more accurate estimate than
the single figure applied in Stage 3 above. g

The selection between approaches should be infe@c’i by@?circumstances of the
decision being made. b@’
a

The remainder of this guidance focuses or@ns\e g@e tools to undertake such an
S §

assessment. The structure of this guid ’%e [

lows:

Chapter 2: Overview of the ab teg%ent @t approach

Chapter 3: Stage One: Ap ma‘g@osts

Chapter 4: Stage Two:, SS i ct on compliance

Chapter 5: Stage Th \Ap yNUnit costs

Chapter 6: Stage F: U&@(ake detailed abatement assessment
Chapter 7: H eticaK rked example

.
& &
A (5\@
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2.

13.

14.

15.

16.

Overview of the abatement cost approach

The abatement cost approach to valuing changes in air quality is required for the
minority of occasions when the breach of legally binding obligations is an issue. It
could be that air pollution is already in breach of an obligation, or that a breach is
expected as a result of the decision under consideration. In such instances it is still
only those changes in air quality in excess of the relevant obligation that should be
valued using this approach. Legally binding obligations have been established to
manage the risk from air pollution and to protect the environment for the current and
future generations. These were set using the best available science and medical
evidence (although it should be noted gaps in the evidence remain).

To ensure that Government takes account of air quality impacts consi@#ﬂy across
decision making this guidance provides monetary values for these-impacts to be
used in the broader framework of cost benefit analysis. In this is possible to
balance air quality impacts against the range of oth gonse%ge es from a proposed
policy, programme or project. A\ @)

o

The abatement cost approach supplements&bgaxi damage based approach by
using the cost of mitigation where such 0@1 IS ssary. More specifically the
approach looks to reflect the fact that ué're I binding obligations are not met
action will be necessary, and so t @st of@s action should help inform any
decisions that impact on compliét@ wit@legally binding objective.

Figure 2 sets out the proce‘\s'gy wl-@he appropriate scope of an assessment can
be undertaken. There ur s to it, of which the first two are common to all
assessments of cha & in aik quality. The final two stages are specific to the
abatement cost ac{n\ ermining the most appropriate means to undertake

abatement cos@alys\e\

Stage %egind"g\h, the significance of the air quality impact should be assessed
by applying d %e costs. This uses the scientific assessment of the change in
emissions andwalues it using the relevant damage cost for the pollutant in question.
These are available from the Defra website®. Damage cost estimates will not be the
appropriate values to report in all instances but they serve as a filtering mechanism
to determine the appropriate valuation approach. If total air quality impacts are
valued at more than £50m, a full impact pathway assessment may be needed.
Where impacts are valued at less than £50m you can continue to Stage 2.

8 www.gov.uk/air-quality-economic-analysis



http://www.gov.uk/air-quality-economic-analysis

Figure 2: Application of the abatement cost approach

Process Question Outcome
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Stage 2: This step idyelves paring the expected changes in air quality to legally
binding objectiv ch hether non-compliance is likely. The expected levels of
pollution in the affect a(s) need to be compared to the national obligations for
the relevan@llut \For national policies, a mix of valuation methods may be
neede exceedences are expected (the national proportion of emissions
in areas of e dence could be used where detailed knowledge is unavailable). If
non-complkoce is found to be an issue then the abatement cost approach is needed
and you should continue to Stage 3. If compliance is expected (both in the baseline

and with the policy) then damage costs can be reported.

Stage 3: There are two methods to value changes in air quality using abatement
costs, and which is the most appropriate depends upon the scale of the impacts. To
estimate this, unit costs should be applied to produce a monetary estimate of the
potential impact of the change in air quality. Indicative unit costs have been
developed by the IGCB(A) for this purpose.



17.

Stage 4: If the decision is shown to have a significant impact on air quality, i.e.
creating an air quality impact with a net present value of over £50 million then it may
be necessary to undertake a more detailed bespoke analysis. Advice on this can be
sought from Defra, (igcb@defra.gsi.gov.uk). If the unit cost assessment indicates an
NPV of less than £50m, you can report the unit cost estimates.

Each of these stages is covered in more detail in the following chapters, and section
7 provides a hypothetical worked example of the methodology.


mailto:igcb@defra.gsi.gov.uk

3. Stage One: Apply damage costs

18. The first stage of any analysis valuing changes in air quality is to apply damage costs
to the estimated change. This indicates the magnitude of the valued air quality
impacts and is used to identify instances where the impact pathway approach is
appropriate.

19. If the estimated value is more than £50 million (net present value) then the impact
pathway approach is recommended. However it will also depend on other factors
such as the importance of air quality to the specific decision. If the damage cost
assessment suggests a full impact pathway assessment may be required, contact
Defra at igcb@defra.gsi.gov.uk for support.

20. To apply damage cost estimates the change in emissions (in tonne \\)\I{]ave to be
quantified. The amount of pollution produced from each source ¢ e estimated
from the amount of raw material used at the source. The relatio&p between the
raw material and the pollution produced is known a@he e;@on factor. For
instance, for road traffic it gives the amount of ion ced per vehicle mile
travelled. Estimates of emission factors for 'ﬂ&nt iities are developed by the
National Atmospheric Emissions Inventory&E’l\ compiled in an Emissions
Factor Database at www.naei.orq.uk/erﬁssion Emissions Factor Toolkit is also
available from Defra which allows en@%n#be calculated from road links®.

21. Having estimated the change §a}f quahqqhsing these tools, damage cost estimates

the decision is multigh relevant damage cost to get a monetised indication

of the scale of, the} paé\ amage costs and supporting guidance is available from

Defra'. Yoy.can u e’*@Damage Cost Calculator available on the UK-AIR website "
ﬁe es(%rates by inputting the following information:

to gene a@
e The I:a%th u@g'ars) of the policy appraisal

e The base\gar for the appraisal
e The pollutant(s) being assessed
e The annual change in emissions (in tonnes)

22. If the estimated value of the air quality impact is greater than £50 million a bespoke
impact pathway analysis is recommended, and you should contact Defra for support
(igcb@defra.gsi.gov.uk). If it is less than £50m you should proceed to Stage Two.

® http://lagm.defra.gov.uk/review-and-assessment/tools/emissions.htmI#EF T
1 See www.gov.uk/air-quality-economic-analysis
" http://uk-air.defra.gov.uk/library/reports?section _id=19
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4. Stage Two: Assess impact on
compliance

23. The second step is to determine whether the proposal will affect compliance with any
legally-binding air quality obligations. The three key pieces of information to do this
are:

e To estimate current concentrations in affected areas;
e Changes in concentrations as a result of the proposal; and,
e Relevant legally-binding obligations.

Establishing current levels of air quality S+

24. National air quality monitoring data is available from the UK'’s Air rmation
Resource (UK-AIR) which will provide an initial indication of the@rrent and future air
quality. This modelling provides estimates of cong@atior@ given years by

ra.gev.uk.

pollutant. This data is available from httQ://uk-%g@ ;%

25. This national level data may be supplemerésd w’i%(ﬁrmation from relevant Local
Authorities. This may include local monitering nd details of whether the study
area is within a designated Air Quali an§$\nent Area (AQMA). Local Authorities
declare AQMAs where air quality, @jec’;igés ight not be met, and create an action
plan for how they will comply.,QQMAs caxr’provide a useful indication of where air

quality issues may exist, q@gh‘ d@u\ot imply that the area covered is automatically
in exceedance. Similarl&\(@: re @ e exceedences in areas without an AQMA.

26. The size of the c in a(@ality will depend in part on the scale of the policy.
Modelling at a| ev ikely to be suitable for local policies, using tools such as
the Design al fo‘@ads and Bridges (DMRB, see Box 1 below). Regional
policies areMikely @equire more detailed modelling to reflect the interaction of
sourc sq% ba@round concentrations. Full national modelling will be needed for
large scale\pr/@osals, usually using Defra’s Pollution Climate Mapping model (PCM).

Estimating changes as a result of the proposal

27. A number of methods are available to estimate changes in air quality, ranging from
simple tools to complex dispersion models. The choice of scientific assessment
should be proportionate to the expected air quality impacts. Technical guidance on
how to perform an air quality assessment is published by Defra'®. Box 1 details some
of the tools available.

2 http://lagm.defra.gov.uk/documents/LAQM-TG-(09)-Dec-12.pdf
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28. These tools allow a detailed assessment of the impact of the decision upon air
quality, either estimating the change in emissions or the change in concentrations.

Box 1: Examples of available concentration assessment tools

o Commercially available dispersion models such as AERMOD or ADMS. Guidance on the use
of these is available in Defra’s Local Air Quality Management Technical Guidance 2009'.

e Defra’s Emission Factor Toolkit which allows emissions to be calculated from road links™

e The Design Manual for Roads and Bridges (DMRB) Screening Model can be used to assess
changes from road traffic sources. The DMRB Screening Model can predict changes in air
quality concentrations of a range of pollutants, including NO, and PM;,"®

¢ Industrial Emissions Screening Tools can be used to estimate the characteristics of industrial
sources that would cause non-compliance with a range of obligations'®

e The Biomass Calculator estimates the maximum stack emission rate that |34n oHlikely to
exceed the PMyo cap™’. o

e A chimney height calculation spreadsheet for sulphur dioxide emissj ngom small boilers®

e Guides for biomass' and CHP? installation, relevant)g&posa@nstalling a small number in

a specific development. S\é \Q)
&
Assessing compliance O\\) ‘bib

29. The outputs of the modelling ¢ n‘%en b{ﬂ!aed to assess compliance by comparing
air quality under the baselin d witIQhe proposal to legally-binding obligations.
Annex A provides a list o s6b||gat" as at the time of publication. As these may
change the reader sh &b\ ey use current obligations. Any changes to the
obligations will be hec{ he Defra website.

30. Whileitis up t’o@e s\o ensure that the appropriate approach is applied the
IGCB( A) h identi two ‘rules of thumb’. The abatement cost approach is likely
to be ry« ar re elther

'3 http://lagm.defra.gov.uk/documents/LAQM-TG-(09)-Dec-12.pdf

" http://lagm.defra.gov.uk/review-and-assessment/tools/emissions.htm#EFT

'® Guidance on using the DMRB can be downloaded from
www.lagm.defra.gov.uk/documents/DMRB _text 150409.pdf .

'® Calculators for industrial nomograms are available from http://lagm.defra.gov.uk/review-and-
assessment/tools/emissions.html

7 Available from www.lagm.defra.gov.uk/review-and-assessment/tools/emissions.html

'8 Available from http:/lagm.defra.gov.uk/review-and-assessment/modelling.html

'® Available from http://www.lacors.gov.uk/lacors/NewsArticleDetails.aspx?id=21913

20 Available from http://www.iagm.co.uk/text/quidance/epuk/chp _guidance.pdf
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e There is an expected reduction in air pollution in an area currently not in
compliance. Once compliance has been delivered either the impact pathway, or
damage cost approach should be applied; or

e There is an expected increase in air pollution and the current level is above 95%
of a legally-binding obligation. For example for an area with a concentration of
38ug.m™ or higher annual mean NO, (for which the limit is 40pg.m™)?".

31. If either of these conditions is met or an impact on compliance is expected, it is
necessary to continue to Stage Three where unit costs are applied to the change in
air quality.

#'Where a policy is below the objective it is prudent to undertake a initial assessment of the likelihood the
change will result in an exceedence. If it is unlikely to cause an exceedence this should be reported and the
impact pathway approach applied to any changes.



32.

33.

34.

35.

5. Stage Three: Apply unit costs

Local air quality issues can be assessed best at the local level. This allows situation-
specific factors to be taken into account. However a full local assessment can be
relatively resource intensive, especially when impacts affect a wide area. Unit costs
help indicate the scale of air quality impacts from key pollutants and thus can inform
decisions about what level of analysis will be proportionate. These unit costs relate
changes in emissions (in tonnes) to monetary values using indicative national
abatement technologies.

To make the unit cost approach simple to apply required a range of restrictive
assumptions. They are therefore only recommended for use in two circumstances:

e Either as part of an initial filtering mechanism to consider a wide rahge of policy
options which may then require a more comprehensive assessfment; or

o Where air quality impacts are expected to be relatively smath}GCB(A)
recommend that any decision causing an air quality impaet with an NPV of over
£50 million should be considered for further anatysis.

Stage Three of the abatement cost approach @pplies ‘unit costs following the second

of these circumstances, to determine the appropriatedevel of analysis. It is important

to stress that abatement costs are onlysecommended for valuing emissions that

exceed legally binding obligations. If-ar/increase in air pollution is partly within an

obligation and partly in excess of it, abatemeént costs should only be applied to the

latter change. Damage costs should besdsed to value the part of the change that

maintains compliance.

The unit costs were deyeloped (8ing a marginal abatement cost curve (MACC) to
estimate the potential supply‘of abatement. The MACC reflects the abatement
potential and cosgt\of a rafige of different abatement technologies. Wider impacts on
society are incogporated yincluding: impacts on other pollutants; energy and fuel
impacts, and¥ealthimpacts (damage costs). The abatement represented by the
nationahaveragel€ompliance gap is compared against the MACC to estimate an
indicative unit ¢est of abatement. It is only indicative because both the gap and the
abatement petential from different technologies will vary between areas. Box 2
provides a more detailed explanation of how a MACC works.

This unit cost is then provided in terms of the marginal cost of emissions, usually
measured in £/tonne. Table 1 below shows the menu of abatement costs which have
been derived from the NOy MACC. These are derived from the full package of
measures that would mitigate the typical compliance gap, assessed for the year
2015. These measures are those which may represent the marginal technology once
all cheaper options have been exhausted, so is an extract from the complete MACC.

14



Box 2: Estimating the unit costs of abatement

Price Demand Supply

This diagram illustrates
J (£/pgm?’)

hypothetical modelling of the
market for air pollution
abatement. The supply of
abatement is illustrated by the
coloured blocks which each
represent an available p*

abatement technology for the A
particular air pollutant being -d7 |
considered. The height of a Abatement ugm?

block shows its cost of
abatement and the length shows its abatement potential. Demand for abatement is tge difference

between the prevailing level of air pollution and the legally binding obligation. The i ection of
supply with demand identifies the marginal abatement technology. In the diagra e marginal
abatement technology — the cheapest abatement option not yet exhausted - @%rked as Aand
hence the price is set as P*. P* is therefore the value of any change in emi ns. If a policy
reduced the demand for abatement it would reduce uptake of su:ﬁ.\Conversely a measure

which required additional abatement would impose a coi\ peréj of additional abatement.
<
\'

t
O

Table 1: Menu of NO, abatement optio

MAC 2015 Emission

savings 2015
(£ 2011/t) (tNO,)
Road transport £24,852
O\ X\
v o
Road transport Eur@gid replaces by Euro VI £28,374 3,394
y 3 v (\
Road transport . 4\ ro | s&@es replaced by electric* £29,150 13
. (‘O\‘ ‘\\
Road transpg{\o\ Eé'v buses replaced by hydrogen £72,932 282
\ ‘DQ)
+ Class 1 Euro V diesel LGVs replaced by
Road transport \/ Class 1 Euro VI £79,323 559
Commercial buildings | Dry lining of solid walls £313,555 46
Commercial buildings = External insulation of solid walls £313,555 8
Domestic homes Retrofit cavity walls £537,411 3,111
Domestic homes Improved boiler efficiency £686,688 113

*This value is the default value to be used when there is no clear reason to use one of the other measures.
This measure has been selected as the average marginal abatement technology across England.
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36.

37.

38.

39.

40.

41.

The most appropriate abatement cost should be selected from the abatement
measures in Table 1. It will depend upon a range of factors, including the source and
location of the emission. The abatement option should be chosen according to which
measure most closely reflects conditions in the particular area. For example, an
increase in emissions from road transport is likely to be reduced most effectively
using an abatement option aimed at the road transport sector.

It is for the appraiser to decide which value is most appropriate for a particular case.
In some circumstances additional work has identified particular technologies for
specific users — refer to your departmental guidance if available. If uncertain, contact
Defra for advice about which option best fits the circumstances. If there is no clear
rationale to use a particular measure the default value that is recommended is
£29,150.

Sensitivity analysis is recommended to reflect the uncertainty in the abatement costs,
using both a higher and lower abatement cost technology selected.from Table 1. The
selection of these technologies is for the judgement of the analyst.If the default value
of £29,150 is used then it is suggested that you apply a range, of£28,000 - £73,000,
derived from the rounded values of the abatementtéchnolggies on either side of the
default value in Table 1.

Marginal abatement costs are considered toremain{¢onstant over time in real terms.
Given the relatively short timescales overwhich the abatement cost technique is
expected to be used it was considered’unnegessary to investigate how the costs
might change through time.

The result of the unit cost.agalysis, including the relevant uncertainties, determines
whether further abatemeft.Cost analysis is needed. If the NPV of the air quality
impacts valued usingUhit costsSNs greater than £50m you should continue to Stage 4
to do more detailed analysis, Some decisions with lower NPVs may warrant further
analysis because of specCiliC circumstances such as a wide range of uncertainties.
Defra can provide adviee if it is unclear whether further abatement cost analysis is
required(igeb@defra.gov.uk). Where the NPV is less than £50m and no other factors
point towards mQre detailed analysis, unit cost estimates can be reported.

If your unit cOst estimate of air quality impacts is close to £50m you should consider
adjusting the unit cost values to reflect the specific circumstances of your proposal.
This can help determine whether a full abatement cost analysis might be appropriate.
Some key considerations include:

e Timing: The time profile of the air quality under consideration should be
considered. For most pollutants in most areas air quality continues to improve
and so it is likely that any exceedence would be temporary, eg modelling in 2011
suggests that there will be no exceedences, outside London, of the NO3 limit
value by 2020. Similarly it is important to consider the time profile of abatement
with natural turnover in sources typically reducing the abatement potential.
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Abatement potential from the technology: The usage of different sources varies
between different locations and therefore so will the potential abatement. Where
a specific source is abundant in a given area relative to the average the national
MACC may understate the potential.

Total demand and supply of abatement: If your proposal is expected to lead to a
large increase in emissions then it is important to consider the total level of
abatement it would need. Table 1 includes the emission savings in 2015 for each
abatement technology. Using a unit abatement cost linked to an abatement
technology with limited potential abatement will not be appropriate on its own for
a proposal causing a major increase in emissions.

Targeting: In some cases not all abatement will occur in the area of interest, eg
for mobile sources that move outside the target area, some of the abatement will
also occur outside the target area. Therefore the level of abatement may be
lower than it initially appears. If a mobile source spends half its tinleutside the
target area the actual abatement from this source might be half itspotential.
Distribution: Even where abatement activity remains confinecml in the area of
interest, the distribution of abatement may be such that compliance is not
guaranteed. Abatement within an area may no{@‘spr venly across the area
and so may not deliver compliance. For inﬁ?ee if @ rea of non-compliance is
larger than the area targeted by a partiq{ e then abatement from that
measure may not be sufficient to br'ng@e ent'(@area into compliance. While

targeting recognises that not all a ent @il occur within the area of interest,
distribution recognises that whet&bat% t occurs within the area should also
be considered. \% X%
NS
OO
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42.

43.

44,

45.

46.

6. Stage Four: Undertake detailed

abatement assessment

If in Stage 3 a decision is assessed as having air quality impacts of over £60m it is
recommended that a detailed abatement assessment is undertaken. Advice in this
instance should be sought from Defra (igcb@defra.gsi.gov.uk). This section outlines
what such assessments entail.

A range of factors affect what will be appropriate for the assessment, including the
scale, location and duration of the impact. As such it is not possible to follow a single
detailed abatement assessment approach and Defra, and the inter-departmental
group IGCB, provide the necessary support. Relevant information to i@m this

includes: KY

e Background on the decision being made; %O

e The outline of the proposal and different options_being ed;

e The indicative assessment undertaken and Ievar@ensitivities;

¢ Quantitative estimates of the other im

e Timing of the analysis to feed into the d c%@ ; am@
SO ?5, ecision.
By

\
There are three potential broad outc@é to tm iscussion:

Include unit cost estimates: in’@rgin@ases it may be sufficient to report the
indicative estimates even w he FQQm NPV threshold has been exceeded.
N~ O

Use available tools:t&@ﬂmat@% abatement cost for the change being

considered.
Bespoke analysis: fo@r changes only it will be proportionate to develop
t

evidence s,p%i

Where’ﬁ\&di 6eestimates are considered sufficient these figures should be
reported w'thi@he evidence base and summary sheets as appropriate. To
recognize Nscale of the impact it is just necessary to note that this issue was
discussed with Defra and the IGCB with a brief summary of why a more detailed
assessment was not seen to be proportionate.

For other cases advice tailored to the particular situation will be offered. Often
existing tools can be used to undertake bespoke analysis. These include marginal
abatement cost curves for the oxides of nitrogen (NOx) and for particulate matter
(PM); the multi-pollutant measures database (MPMD), and cost curves for national
emissions. Marginal abatement cost curves are of key importance to the abatement
cost approach; Box 3 below provides an overview of the MACC for NOx.

Q{ITQ ituation to provide the quality robust evidence base needed.
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Box 3: The NO, MAC curve

The NOX marginal abatement cost curve (NO, MACC) was developed to assess at a national level
the wide range of potential abatement options. This tool ranks the 93 different abatement
technologies based on their cost-effectiveness. The diagram below provides a schematic diagram
to illustrate the data and tools used to develop the NO, MACC.

National Atmospheric Emissions
Inventory

+ 2010/2015/2020 energy and activity Multi-Pollutant Measures Database

projections ] ] N

o * List of beyond business as usual
* Road transport fleet projection .
. abatement options
* Emission factors

* Marginal costs (upfront anc@going)

1 * Marginal emission impac
3 *
(- UK emissions NO,, NO,, CO,, SO, & PM 1 O
* Disaggregated by sector and subsector q

Marginal Abatement C

* Cost-effectiveness of j
abatement option

« NO,/NO, emisga)educti (023
* Impact on emissions o@r

polluta ntS@ere,p@M e

Development of the NO, MACC ggbs on@ey pieces of information:

¢ National Atmospherlf\ ss@nventory (NAEI) compiles estimates of emissions to the
atmosphere from SO r@ uch as cars, trucks, power stations and industrial plants.
This data is u o lin different activities to changes in emissions of air quality both for
the emstm&@:hnol&és and any abatement technologies.

e The Mﬁm oll Measure Database (MPMD) is a database of potential measures which
was deve o support the consideration of future air quality policies, such as a revised
Gothenburg rotocol and National Emissions Ceiling Directive (NECD). This database was
used for each of the abatement technologies to provide estimates of the baseline
emissions, stock data, potential uptake rate of abatement technologies, unit marginal costs
and capital costs. The assumptions used in this modelling are based around the best
available evidence however there are uncertainties around the actual performance. More
information on the development and results of the MPMD is available from http://uk-
air.defra.gov.uk/library/reports?report id=725.

Integrating these two datasets allows the different abatement options to be ranked by cost
effectiveness. The tool can estimate the impact on ambient concentrations of selected options or
packages of options. The diagram below illustrates the outputs of the NO, MACC in 2015.
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NO, marginal abatement cost curve (2015)
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The NO, MACC above demonstrates the costs and teme ential of the range of different

abatement opportunities. Each block represents a\s';gi‘e a ent technology with the height

showing the cost per tonne abated and the widt@ae pot | level of abatement. The MACC

presented above excludes abatement technol@es wi cost of above £100,000 per tonne.

Inclusion of all the technologies shows thattHe co@creases exponentially as the level of

abatement increases. Q Q\
L .0

*

\

47. Where there are no a@e f \}o help the detailed assessment, or when a more
robust assessment i uir standard policy appraisal should be undertaken to
assess the abatei@ut [ . This should be in line with the HM Treasury guidance
on appraisal. T@key &s in the assessment are:

R,
i. Establw reo@ level of abatement
X

The required Ie\tgl)@'abatement is the difference between the expected concentration
following the decision, and the legally-binding obligation. Tools to estimate the changes in
the expected concentration arising from the proposal are set out in section 4.5 above.

It should be noted that the level of abatement may vary across different geographical
areas. Therefore the distribution of locations should also inform the identification and
selection of the abatement options.
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i. ldentify abatement options

Options for reducing the concentrations of pollutants should be identified. Both
technological and behavioural options can be considered — those that reduce the level of
emissions through the use of tools and techniques, and those that involve changing
human actions. The scope, availability and feasibility of abatement options will depend on
the location under consideration.

iii. Select the abatement method(s) to be used

Once a range of abatement options have been identified, each needs to be appraised for
its costs and benefits to society. The wider social and environmental costs and benefits of
the different options must be considered as well as the financial costs. Other concerns
such as public acceptability and the degree of certainty over the method’s effectiveness
and cost may also influence the choice of options where appropriate. O\E

The solution may involve the use of more than one optlon For exampl@;rﬁay be
cheapest overall to use one method for the first 10 ugm?® of abateme fter which the
abatement potential of this method is reduced or furth léﬁes very expensive, and
it becomes sensible to switch to a different method |ev remaining abatement
required.

48. The results of this more detailed analy e included alongside the other
quantitative and qualitative ewdence@ for deC|S|on
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49.

50.

51.

52.

53.

54.

7. Hypothetical example of the application

of unit costs

This section works through a hypothetical example where abatement costs need to
be applied. The proposal being considered is whether to open a new incineration
plant for municipal solid waste (MSW).

The plant would have capacity to burn up to 500 tonnes of MSW per day. However,
the location of the site is within an area that is predicted to be at the ambient NO,
limit value. If this plant is allowed to be constructed it is likely that additional
abatement would be needed to counter the increased emissions of NO.

Because it is known that compliance is an issue, you can start at Sta%\h)f the
process and establish the likely impact on compliance with the amb&nt NO2 limit
value. An air quality map is consulted for the relevant local aut@, pollutant and
year at http:/lagm.defra.gov.uk/maps/maps2008.html. Thes s list the levels of
NOy, NO,, PM1o and PM, s, for 1km? areas acros cou&isting the centre point

of each of the grid squares. Nationwide backg $ can be viewed at
m 09

http://lagm.defra.gov.uk/documents/Backg 0202.pdf

The likely change in NOy emissions if @Tnm@or were to be set up must be
calculated. This is estimated usin tt@Natl Atmospheric Emission Inventory
(NAEI) emission factor databasé*%ﬂp :/{n@ei.defra.gov.uk/emissions/index.php). This
suggests an emission rate o kilotonhes of NOy per megatonne combusted. The
capacity of the proposed |s,%® megatonnes, therefore the potential emissions
are 139 tonnes of NO@

The estimated c ©$o bés ese emissions are then valued using the unit cost for
NOy. Unit abat nt C q%s or NOy as NO; are available from the Defra website and
in Table 1. G‘.‘grentl tPre default national average marginal technology is estimated
as ele N@ ion uses with an abatement cost of £29,150 per tonne within the
range 932 per year. Therefore the annual cost of abating these
emissions ated at £4.1 million with a range of £3.9 to £10.1 million. If the
increase in emissions would be more directly abated from one of the other options on
the menu then this should replace the default value of £29,150. The technologies
either side of the chosen abatement options should then be used for sensitivity
analysis.

It is then necessary to tailor the assessment to the specific circumstances, where
possible. In this case it might be assumed that the abatement technology would only
last two years and that targeting of buses can be 50 per cent effective (i.e. they
spend half their operating time outside the area of exceedence). Based on these
assumptions the abatement cost is estimated at £8.1 million per year for two years
providing a present value of £15.4 million for the year before opening.
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55.

Finally the decision is made if it is worthwhile to consider a more detailed analysis. In
this case given the scale of the impact this is unlikely, given that it is well below the
indicative £50 million threshold. However, it is noted that using the high abatement
cost and extending the duration for an additional year would create a NPV of £57
million which would require consideration of a more detailed analysis.

@)
Xz ’\Q(b
,‘QOQ. OQ
D N

23



Annex A: National Air Quality Objectives and European Directive
Limit and Target Values

The objectives adopted in the UK are defined in the latest Air Quality Strategy for England, Scotlan(i{V‘Vales and Northern Ireland,
published in 2007%. A summary of the current UK Air Quality Objectives is provided here. \)

*

National air quality objectives and European Directive limit and target values for the protection oi human health

Pollutant Applies Objective Concentratlop3 ‘ Date to ha European obligations
measured as achiever, by and
mainiained
‘ thereafter
g -3 O \ -3
Particles (PM4) UK 50ug.m™ not to be exceeded 24 h mean 1 December 2004 50ug.m™ not to be exceeded
more than 35 times a year R \® more than 35 times a year
UK 40ug.m> . <"g\nnga&ggﬁ 31 December 2004 40ug.m™
N

Indicative 2010 objectives for PMq (from the ﬁ Air y Strategy and 2003 Addendum to the Air Quality Strategy) have been
replaced by an exposure reduction approaQQ' cept in Scotland — see below).

g

Scotland 50ug.m’ ® hot to b ede 24 hour mean 31 December 2010
more than 7 t| ear (
o
Scotland 18ug. m? \Q \ 5\ Annual mean 31 December 2010
Particles (PM_ ) UK (except 2 @ é\' Annual mean 2020 Target value 25pg.m'3
Scotland) \Q
Exposure A
Reduction Scotland 12 pg}\'s/ 2020 Limit value 25}.|g.m'3

22 \www.gov.uk/government/policies/protecting-and-enhancing-our-urban-and-natural-environment-to-improve-public-health-and-wellbeing
% An explanation of the different concentration measurements is provided in Volume 2 of the Air Quality Strategy.
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UK urban

Target of 15% reduction in

Between 2010 and

Target of 20% reduction in

areas concentrations at urban 2020 concentrations at urban
background background
Nitrogen dioxide UK 200pg.m'3 not to be exceeded 1 hour mean 31 December 2005 200pg.m'3 not to be exceeded
more than 18 times a year more than 18 times a year
X
UK 4Oug.m'3 Annual mean 31 December ZO(Q R 40ug.m'3
Ozone UK 100pg.m'3 not to be exceeded 8 hour mean 31 Decembe&‘i Target of 120ug.m'3 not to be
more than 10 times a year Q exceeded more than 25 times a
@ O year averaged over 3 years
Sulphur dioxide UK 266ug.m™ not to be exceeded 15 minut Q \S@ember 2005
more than 35 times a year e‘{
UK 350pg.m™ not to be exceeded 1®9me# 31 December 2004 350ug.m™ not to be exceeded
more than 24 times a year . <O more than 24 times a year
N
UK 125ug.m™ not to be exceed§ 4¢Q\ mean 31 December 2004 125ug.m™ not to be exceeded
more than 3 times a yea% more than 3 times a year
Polycyclic aromatic | UK 0.25ng.m" B[a]P @ As annual 31 December 2010 Target of 1ng.m'3
hydrocarbons @ average
U NN
Benzene UK 16.25ug.m Qs\ 5\0 Running annual 31 December 2003
\Q mean
England and S)QQ“ @g Annual average = 31 December 2010 5pg.m'3
Wales (5\'
4 25ug.m™ is a cap to be observed in conjunction with this 15% reduction.

% The European Directive is in force but the exposure reduction target cannot be determined until we have 3 years’ data for 2009, 2010 and 2011
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Scotland, 3.25ug.m'3 Running annual | 31 December 2010
Northern mean
Ireland
1,3- butadiene UK 2.25pg.m'3 Running annual | 31 December 2003
mean
Carbon monoxide = UK 10mg.m> Maximum daily 31 December 2003 k1 Omg.m*
running 8 hour Y
mean/in A
Scotland as O
running 8 hour q
mean Q,‘ . AQ
3 \' U 3
Lead UK 0.5ug.m’ Annual mearb(b 31®ember 2004 0.5ug.m’
0.25ug.m™ Annuel\' /@ December 2008
\‘
Nitrogen oxides UK 30pg.m? A@) me?abQ 31 December 2000 30pg.m™
. C
. . -3 -3
Sulphur dioxide UK 20pg.m A\,q\nnu@ean 31 December 2000 20pg.m
\\\ )
3 - 3
UK 20ug.m ‘\\O .\@r average 31 December 2000 20ug.m
O, o
Ozone: protection UK Target value of 18 @hg m* (b Average over 5 1 January 2010 Target value of 18,000ug m?
e

of vegetation &
ecosystems

based on AOT40

calculated fro urv,
from May to %Qnd ﬁe

years

based on AOT40 to be calculated
from 1 hour values from May to
July, and to be achieved, so far as

achieved, ras ble, by possible, by 2010
2010, (%)
N\~ N
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Annex B: Glossary

AQMA

Concentration

DMRB

Emissions

IGCB

Air Quality Management Area. These are designated by Local Authorities to
cover areas where air quality objectives might not be met. Action plans are
produced to detail how they will comply,

The level of pollutants in the atmosphere; usually expressed in uygm™. Legally
binding obligations are primarily expressed as concentrations because human
health impacts are linked most directly to pollutant concentrations (rather than
emissions).

Design Manual for Roads and Bridges. A tool that assesses changes from road
traffic emissions sources, covering various pollutants including NO, and PMy,.

The release of pollutants into the atmosphere; usually expresse&n tonnes. An
increase in emissions from a given source will increase loc ncentrations.
The relationship between the two is complex and atmos ¢ modelling is used
to estimate the impact of emissions on con@n}ration{\

O

N\

Impact-pathway

Inter-departmental Group on Costs aré@neﬂ@
s\ 0\

N/
Assesses the impacts of air %@ts @&es a logical progression from

approach emission, through dispersio ex e to quantify the impacts on the
location/population thatig\ ts. @.
N\ O
Limit value Legally binding Iin@?am i t\air quality concentrations
\‘}' '\0

NAEI National A@eric@issions Inventory
NHs Ammé@ ‘\O\@

SonlSs
NO + ogemdioxide

NOx & Oyggof nitrogen

PCM Pollution Climate Mapping Model

PMio Particulate Matter of 10 micrometers or less in aerodynamic diameter
PM, 5 Particulate Matter of 2.5 micrometers or less in aerodynamic diameter
SO, Sulphur dioxide

Target Value Target values are defined objectives which are not legally binding.
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