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• Mike Holland…
– is a policy adviser on sustainable development…

– particularly on air quality, waste and energy
issues…

– using economic and other approaches…

– for legislators in UK national and local
government, the European Commission, UNECE,
other national governments, local government and
industry.



Policy applications of externalities

• Types of policy instrument applied in
Europe and the USA

• Outline of Cost-effectiveness analysis
• Ways of using external costs in relation to

these policy instruments
• Case studies in Europe and Developing

Countries
• Question and answer session



Coverage

• My objective is to give insight into the diversity of
uses of external cost estimates.

• Mainly air pollution issues, particularly those
linked to the energy sector, the area where
externality quantification using impact pathways
has been most applied.  This does not mean that
the use of externalities is restricted to air quality
issues in Europe.



Where does environmental action
in Europe originate?

• UN (FCCC, Montreal Protocol, CITES, etc.)

• UNECE (air pollution, accidents, water quality)

• European Union (all aspects of the environment)

• EU Member States (transposition of EU legislation,
own actions)

• Regional Government (England, Scotland, etc., German
Länder, etc.)

• Local government (Boroughs, Counties, Cities, etc.)

• Individuals (e.g. energy efficiency), companies, etc.



Options

LEGISLATION                      GENERAL VOLUNTARY                      SPECIFIC VOLUNTARY
      MEASURES       MEASURES

• Emission ceilings                 * Management systems                     * Energy efficiency
* Environmental quality                - ISO 14001           * Switch to cleaner fuels
    standards                                 - EMAS           * Switch to public
* Emission standards * Awareness raising measures  transport
* Production or    - Best practice programmes           * ‘Ethical’ investment 
  emission bans    - Ecolabelling                 funds
* Energy strategy    - etc           
* Land use planning
* Clean air zones

                 Market based mechanisms and other incentives



Flexible regulation

• Fiscal incentives
– lead free petrol
– low sulphur fuels
– landfill tax
– energy taxation
– tradable permits

• EU National Emission Ceilings Directive
and UNECE CLRTAP Gothenburg Protocol
– National total emissions for SO2, NOx, VOCs and NH3



Why are SO2, NOx, VOCs and NH3
considered together?

• Acidification:
– SO2, NOx, NH3

• Eutrophication
– NOx, NH3

• Ozone
– NOx, VOCs

• Airborne particles
– SO2, NOx,  NH3



Methods for compliance with
flexible regulation

• Emission Ceilings for SO2
– Germany: mainly end of pipe measures, reduction of

heavy industry in former East Germany

– UK: re-alignment of energy industries following market
liberalisation, followed by switch to lower S coal and
some FGD



Lessons from the UK on meeting
emission ceilings

•UK refusal to accept 30%
European sulphur abatement
targets in the 1980s led to 
much bad publicity.



However…

• In the end, the UK met 30% SO2 reduction
target with room to spare
– 1980 emissions: 4.9 million tonnes

– 2000 target if UK had signed up to the 30%
club: 3.4 million tonnes

– Actual UK emissions, 2000: 1.2 million tonnes



Why the difference?

• End-of-pipe solutions were not the only ways to
reduce sulphur emissions

• Market liberalisation allowed widespread use of
natural gas

• Inefficient industries closed

• Some FGD fitted

• Switch to cleaner coal and oil

• No noticeable adverse effects on the UK economy



This shows that…

• uncertainty is not limited to the
quantification of external costs – it also
affects estimates of abatement costs



Command and control legislation

• Emission standards and other performance
characteristics for vehicles, specific types of
industrial plant, domestic appliances, etc.



Determination of
emission standards

• Are effects so bad that
emissions should not
be permitted at all?

• What is the Best
Available
Technique…

• not entailing excessive
cost?



Command and control legislation

• Emission standards and other performance
characteristics for vehicles, specific types of
industrial plant, domestic appliances, etc.

• Bans on the use and production of certain
materials, or processes

• Industrial (etc.) zoning



Command and control legislation

• Emission standards and other performance
characteristics for vehicles, specific types of
industrial plant, domestic appliances, etc.

• Bans on the use and production of certain
materials, or processes

• Industrial (etc.) zoning
• Environmental quality standards
• IPPC (Integrated Pollution Prevention and

Control)



Determination of
environmental quality standards

• Primary aim is to protect health and the
environment, preferably moving to no-effect
levels.

• Basis tends to be protection of the individual,
rather than society more generally

• Costs and benefits of action are taken into
account, but do not on their own define the
legislation.



Has this legislation worked?

• Urban
conditions

• Concentrations

• Emissions



Sheffield, 1940s and 2003



Concentrations in UK cities
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Emissions in Europe – SO2
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Emissions in Europe – NOx
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Emissions in Europe – VOCs
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Emissions in Europe – NH3
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Cost-effectiveness

• In any area, there are a potentially large number of
different measures that could be implemented to
improve air quality.

• Need to evaluate how these compare - what are
the best options to achieve the necessary air
quality levels.

• One of the criteria in selection of options is cost-
effectiveness



Costs

• Cost to regulators and/or the cost to industry and
business and/or cost to the public

• Examples: Cost of fitting abatement technology to
stationary source. Cost of excluding lorries from
city centre on business.  Cost of  congestion
charging schemes on car owners.



Going beyond costs

• Different measures achieve different levels of
pollution abatement

• Costs of implementing different measures varies

• Really cost evaluation needs to reflect both of
these = cost-effectiveness

• Typically see presented as costs per tonne abated

E.g. Process 1: 2 tonnes abated for €1,000 =£500 tonne

        Process 2: 4 tonnes abated for £4,000 = £1,000/tonne



In an ideal world….

The measures that achieve greatest air
quality reductions would be the cheapest
measures to implement, i.e. most cost-
effective



In our world….

It gets progressively harder and more costly
to achieve stricter and stricter air quality
targets (diminishing returns)



Cost curves

Marginal cost 
of emission
reductions

(yuan/tonne)
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Why Use Cost-Effectiveness?

• Expressing different measures in this way allows
direct comparison of measures across sources and
sectors

• Can rank measures in order  of  ‘most bang for
buck’

• For simple case - can pick the cheapest option to
achieve target



Why Use Cost-Effectiveness?

• In many cases, may need more than one option to
meet objective.  Maybe several smaller options are
more cost-effective than one big measure

• Ranking provides the basis for developing a cost-
effective action plan.

• Introduce most cost-effective measures first,
progressively add in more expensive measures
until achieve air quality target

• Will allow you to achieve the target air quality
reductions for least-cost (in the cheapest way
possible)



Problems

• Some types of measure are often omitted,
e.g. energy efficiency, fuel switching



Different metrics

• Cost per tonne (£ per tonne of NOx abated)

– Metric based on SOURCE

• Cost per µg/m3 (£ per µg/m3 of NOx reduced)

– Metric based on RECEPTOR



How to calculate cost-effectiveness
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• PVC the present value of the total cost stream for environmental
protection measure k in year zero,

• NRC the non-recurring cost of environmental protection measure k in
period t,

• ERC the energy recurring costs to operate environmental protection
measure k in period t,

• NERC the non-energy recurring costs to operate environmental
protection measure k in period t,

• t, the operating life of environmental protection measure k, and

• r = the appropriate discount rate.



Cost-Effectiveness

• To undertake a full cost-effectiveness assessment can be
a detailed and time-consuming activity.

• Need to collect detailed data on costs AND make sure
this data is presented in equivalent terms

• Need to consider capital costs and operating costs

• Year of study (inflation)

• Costs are usually expressed in terms of an equivalent
annual costs (or annualised cost)

• Guidance NETCEN for EEA 
      http://www.eea.eu.int



Summary so far

• Range of policy instruments are available

• Widespread use in Europe and the USA
with significant success

• But where do externalities fit in?



Examples of the use of external costs
in European policy making

• Cost-benefit analysis of standards for Large
Combustion Plant

• Cost-benefit analysis of ambient air quality
standards (e.g. PM10)

• Cost-benefit analysis of National Emission
Ceilings

• Defining levels of permitted support for renewable
energy technologies

• Setting taxes
• Environmental prioritisation studies



Basis for calculation in all cases:

• ExternE methodology, some analysis using the
EcoSense model, some using other models, e.g.
ALPHA
– ExternE reports available from the European Commission, email:

domenico.rossetti-di-valdalbero@cec.eu.int
– EC policy related studies using externalities are listed on the EU’s

website at
http://www.europa.eu.int/comm/environment/pubs/studies.htm

• Some analysis uses the results generated by
ExternE or the BeTa (Benefits Table) database
http://www.europa.eu.int/comm/environment/enveco/air/betaec02a.pdf



BeTa Database



BeTa provides information on
methods…



…and provides results for rural,
urban and marine locations



EU Acidification Strategy and Large
Combustion Plant Directive

• Externalities analysis used to estimate the
benefits of these policies in terms of
reduced damage to health, materials and
crops.

• Health effects dominated
• Uncertainty assessment conducted specific

to the relationship between costs and
benefits



EU Acidification Strategy and Large
Combustion Plant Directive
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Ambient Air Quality Standards

• Analysis carried out in a similar way to the
Acidification Strategy and LCPD

• BUT much finer scales needed to account
for spatial variation in concentrations in
cities.



EU Directive on the Sulphur Content
of Marine Fuels

• External costs analysis integral to the
justification of the Commission’s
recommendation
– http://europa.eu.int/eur-lex/en/com/pdf/2002/act0595en01/2.pdf



EU Directive on the Sulphur
Content of Marine Fuels



National Emission Ceilings
Directive and Gothenburg Protocol

• Quantified benefits for each country of
different targets for SO2, VOCs, NOx and
NH3

• Compared against costs calculated using the
RAINS model

• Used standard sensitivity analysis and a
stratified sensitivity analysis to test the
likely importance of uncertainties



National Emission Ceilings
Directive and Gothenburg Protocol

• Concluded that most sensitivities did not
make much difference to the results

• Significant variation in the magnitude of
externalities around Europe – largest for
countries in the middle of Europe

• For most countries, benefits exceeded costs
despite the success of past legislation



Future EU air quality policy

• Future development of European air quality
strategies will largely be carried out under
the framework of the CAFE programme
(Clean Air for Europe) (check EU website
for details)



Support for renewables

• Based levels of permitted support in part on
the difference in externalities between fossil
and renewable technologies

• No account taken of uncertainties



Defining environmental priorities

• Data on a large number of environmental
risks were collated

• Where possible, results were expressed as
both impacts and then monetised

• This highlighted the problems associated
with the largest economic effects

• Ideally, prioritisation would have been
combined with cost-effectiveness analysis


