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Abstract

The Sustainable Knowledge Platform, SKEMA, aimsdatribute to the establishment
of a sustainable transportation system in Europewiil produce less emissions, noise
and reduce any damage on societies. To addregssthesnf sustainable transporthis
report has introduced all external effects of tpamsservices subject to environmental
constraints in addition to the budget constraifitais the transport costing does not

represent exclusively the profit margins but als®énvironmental and social impact.

The study classifies the external effects into eooic, environmental and social, which
follows the structure of the SKEMA Policy Index. @it briefly reviews the existing
studies in the UK and Europe that propose waysdtmulating externalities. And
finally, it develops a case study as practical gna to illustrate the advantages of the

coastal service to the alternative road service.



“Methods for calculating externalities”

Review of Methods and Practical Application

There is a growing consensus among policy-makesarat the world that strong cuts
in emissions and strong actions are urgently nee@egcent report on climate change
examines the economic case for both fiscal stimybaskages and “green”

expendituré The authors argue that with billions that goveemts spent on energy,
buildings and transport, it is vital that these fiabnvestments do not lock us into an
unsustainable high-carbon economy for many moreadiex Green policies and

investments will create new jobs and tackle clincdi@nge.

Introduction

To understand the performance of an entire indugtry significant to incorporate the
external effectérom industrial activities. Pollution, congestiamise, accidents, health
impacts are such effects from transportation sesvidhese external effects could be
classified as economic, environmental and so@dahumber of methods have been
established for calculating thémThe economic and environmental impact can be
easily quantified using established methodology,tbe social external costs are more
difficult. The estimation of total external cos®x¢luding congestion) amounted to
€650 billion for 2000, or about 7.3% of the totaDB in EU17. For instance, air
pollution and accident costs amounted to 27% ar¥d Bespectively. Noise and life-

cycle processes each accounted for 7% of thedoss.

! Bowen A., S. Fankhauser, N. Stern and D. Zengh#is outline of the case for a “green” stimulus”,
Policy Brief, Grantham Research Institute on Clen&hange and the Environment, Centre for Climate
Change Economics and Polidygndon School of Economidsgbruary 2009

2 DG TREN, Handbook on estimation of external coghee transport sector

® Recent data show some improvement. For more setge European Environment Agency’s home

page:http://www.eea.europa.eu/




The theory suggests that the presence of exteesalbiffects the optimal equilibrium

and leads to overuse of some activities while sthemain underestimated. Thus,
incorporating externalities isustainability reportsbrings a better methodology for
evaluating the contribution of an industry to soérezironmental problems. In the case
of transport, we focus on the following externdkefs: pollution (carbon emissions);

acidification (nitrogen and sulphur oxides); nop®lution; accidents, congestion and
health impacts. To reduce these effects, the theaggests two basic solutions —
government-implemented quotas and taxasd bargaining over externalities.

Objectives and target stakeholders

The present study provides an overview of existitg and European methods and
offers a practical guidance for application. A castady is presented to illustrate the
advantages of shipping services based on an asalgsorporating externalities. This

analysis might be of interest to:

 Analysts and consultants providing externality cagtmations;

 Climate Change Committees on a national and EU;leve

 Policy makers interested in harmonisation issues

« Promotional organisations in calculating extermegit for alternative modes
associated with specific routes

« Local authorities, financial institutions involvedinfrastructure pricing

« Insurers that offer transport sector insurances

 Shippers interested in selecting / specifying prete approach and to understand
advantages and limitations

« Transport authorities for defining charges

Glossary terms

* Pigou, A. “The Economics of Welfare” London: Madiam, 1932



EXIOPOL (2007) is an Integrated Project aimed twellgp a New Environmental
Accounting Framework Using Externality Data andun@utput Tools.

HEATCO (2006) Unit Cost Figures for ExternalitieHHEATCO's primary objective
was the development of harmonised guidelines fojept assessment on EU level.

IMPACT (2007) Internalisation Measures and Policfes All External costs of
Transport - the main recommendation from IMPACT as amendment of the

Eurovignet Directive on infrastructure charging f@avy goods vehicles.

UNITE (2003) Transport accounts and External codimates for most western

European countries. This project had three coreabives.

ExternE (2005) External Costs from Energy — thepsaaf this project was to value the
external costs, i.e. the major impacts of econamtovities, both referred to production

and consumption of energy.

Approach and methods of calculation

In order to address thgistainability issuesf transportation, we have to introduce the
external effects subject to environmental constsaim addition to the budget
constraints of a classic modeFor this purpose they need to be quantified. didy
this but sustainability also requirdifecycle analysiswhich considers all quantified
impacts over an entire life of an activity or protfuln order to simplify the analysis,
this study is limited to the models that were alseanplemented in practice. Thus we
start firstly with classifying the effects into emmic, environmental and social, which
follows the structure of the SKEMA Policy Index

|. Economic external effects

® Stern, N. “Economics of Climate Change”, Londof&0
® More details in Overlapping generations model (LG

" See Annex 1



» Congestion
» Accident damages
[I. Environmental external effects
* Pollution
* Noise

« Acidification

lll. Social external effects
* Health impacts

e Quality of life

Secondly, a brief review of existing studies in ¢ and Europe has been provided to
propose ways for calculating externalities. Alldas use similar methodology which is
based on the equilibrium approach. The differencesne mainly from the
measurement units, which may lead to different $ygleoutput. The UK studies tend to
use costs per tonne-km measurement while the Eamoptandbook on estimation

suggests €ct/vkm (€ cost per vehicle-km). Therefloeenext section explores:

1) EU attempts to estimate external effects
2) Best practice approaches

3) UK attempts to evaluate external effects



Review of methods

|. EU attempts to estimate external effects

A few attempts have been made at an Europeant@esitimate the external costs under
the 4th, 5th and 6th EU-framework programmes. UNprgject (2003) has developed
best practice approaches as a consequence of woekah a few projects. The external

costs that are treated in the EU initiatives ag@ared in Table 1 (see below).

Accident costs, congestion and environmental caféést different parts of the society

directly and indirectly. When not internalise, tegternal effects are not counted as

direct costs of the transport services. They aré Ipadelay costs; victims of accidents;

energy taxes or noise related charges; etc. Therdftey need to be taken into

consideration as direct costs of transportation.

Table 1: External costs

Cost component | Private and social | External part  in | Differences between
costs general transport modes

Costs of scarceAll costs for traffic| Extra costs imposedWithin non-schedulec

infrastructure | users and societyon all other users andransport (road), th
(time,  reliability, | society exceedingexternal part is th
operation, missedown additional costs | difference between M(

economic activities

and AC based on

congestion cost function

]
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Accident costs

All  direct angPart of social cost
indirect costs of apwhich is not
accident (material considered in owi
costs, medicjl and collective risk
costs,  production anticipation and no
losses, suffer angdcovered by (third
grief caused Dby party) insurance

sThere is a debate on

level of collective ri

1 anticipation in individua

transport: Are the cos

t a self accident a matter

(proper) individual ri

anticipation or

th
sk
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fatalities) collective matterf
Besides there are
different levels of
liability between private
insurances (private rogd
transport) and insurances

for transport operators.

Environmental | Al damages of Part of social costsDepending on legislation,

costs environmental which is not| the level of

-

nuisances (healthconsidered (paid for)| environmental taxation d
costs, material liability to realise
damages, biosphere avoidance measures |is

damages, long terr

=)

differing between modes

risks) (road, rail, water)

Source: Handbook on estimation of external coséntransport sector — IMPACT, p.14

Il. Best practice approaches

The EU methodology is based orividual preferences which reflects the willingness
to pay (WTP) for an improvement and the willingnesaccept (WTA) a compensation
for non-improvement. To measure the willingnessptty, the approaches rely on
market prices or real costs after taxes and sudssidiery often this measurement
depends on the level of information and surveygtesio measure the willingness to
accept a compensation, more differentiated appesacrere applied, particularly, for

long-term risks and habitat losses.

In the case of long-term environmental damages,thenoapproach has been
recommended — thinpact pathway methoflsed by ExternE mod@l The German
methodological convention (UBA, 2006) recommendedes steps to carry out this

approach as the lack of certain information in dlose-response function (impacts on

® The EU developed model for air pollution
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human health) requires a combination with a stahgéace approach. Thus as a second
best approach, the avoidance cost method is used.

The complexity of externalities asks for an applara of various approaches to obtain

the best possible measurements. Naturally, diffecest categories are evaluated by
differing models. The WTP and WTA approach is aguplin the case of accident costs,
noise, human health impacts and costs of scarcasiniicture. The impact pathway

method is applied in measuring the effects of allyton and nature. Climate change

issues are evaluated by the avoidance cost apprelaitd nature and landscape — by

compensation cost approach (for more details, MEALCT D1).

Another difficulty with all these models is the mdtion of marginal costs. In order to
get the national averages of marginal costs, amason of average variable costs are
made on top-down approaches using national da&.eXisting literature recommends
the bottom-up approach following the impact pathwagthodology. However, in

practice both approaches are combined to obtatertegtimations.

Variety of estimations have been suggested, howévemethodology is based on the
equilibrium approach. The EU projects suggest #mege of Unit cost values per
vehicle-km (or train/ship-km) that reflects mardicast figures. These unit values are
the basis for calculating the level of externaditiglifferent traffic situations, modes,
countries, etc). For instance, HEATCO project (2066s recommended unit cost
figures for external effects that are used in eatidun of transport related projects.
IMPACT project (2007) has made recommendations rfthods and values of
estimated external costs for pricing policies andesnes. And EXIOPOL project is

developing an extended input-output framework wittluded externalities.

lll. UK attempts to evaluate external effects

This section uses the results from existing UK aede to establish standards for:

» Congestion

» Accident damages

* Air Pollution (Carbon and Carbon equivalent emissjo
* Noise

* Health impact

11



The UK research in this field seems to be fragnweniee data and their sources for the
calculation of external effects are exclusively gawment produced by various
departments. The methodology is based on the bguitn approach as the tonne-km

values are transferred into monetary terms (Ecosts)

A. Congestion
The UK Department for Transport data is availabletfaffic levels on various routes,
in each direction (based on 2004/05). For eacheritug possible to determine whether

the traffic level is very high, high, moderate ighht in terms of congestion.

The value of a route is calculated in accordandk airoad value — a rate per lorry mile
(69p for high congested road27p for medium congested road arigp for low

congested road). The mileage for each categorigeis multiplied by the appropriate
road value, producing the route valuation. Envirental benefits per annum are then

obtained by multiplying the number of lorry tripg the route valuatioh

B. Transport accidents and casualties

Tables with distribution of road accidents clagsifby severity and classified by road
user type are available from the ‘UK on the spaident data collection study, second

phase 2003,” produced for the Department for Trarsp

C. Pollution and pricing the CO2 emissions

Carbon emissions are based on the study “CO2 Eons$iom Freight Transport in the
UK” prepared for the Climate Change Working Groupgistics Research Centre by
Prof. Alan McKinnon. These are also consistent wathreport on food miles also
produced from DEFRA which compares the emissiomofacof air and sea transport.
The acidification data used are those producedhéyteight Study Group for DEFRA.

o Department for Transport — Environmental BenefiddcGlator

http://www.dft.gov.uk/eb-calculator/

12



It is possible to attach a price to emissions usirigrmation from the UK and EU

Emissions trading schemes. In 2006, the price wabke range of £2 to 4 per tonne
CO2 but this level was much lower than the carbocep at the European Exchange
EEX, which was between 14-24 Euros per tonne. Thissstudy uses the 14 Euro

lower-band as the market price of carbon.

To demonstrate the importance of quantifying exhties in transportation, we are
presenting a case study for a specific route (Belixe — Teesport — Felixstowe). This
case shows how the internalisation of externalctsféeads to a more competitive

coastal shipping service than the alternative smdice.

13



Practical Application

Case Study

The applied data in this case study has been ¢xttrdiom existing studies in thLe
UK and EU public domain. The studies were produbgdvarious research
organisations and public authorities. Therefore thethors can’'t accept
responsibility for any inconsistency in the avaiéallata. The case study has been

solely produced as a guiding methodology for calitad) externalities.

Case:two small container ships, of the standard 100ngtl / 360 teu type, on a daily
service between Felixstowe and Teesport. Compavihtthe use of road to deliver the
same amount of goods applying details of tonnagemktres travelled and tonne

kilometre calculations.

At the start we present the calculation of tonderketres using the water option and

road option. Then the externalities are calculated.

1. Water option

The water option involves two ships simultaneousdyling between Felixstowe and
Teesport as a daily service. Goods would then beethby lorry from Teesport to the
final destination. Thus there is a water leg aratirleg. Various assumptions have been
made in the derivation of tonne kilometres. Thaseas follows:

* The average laden twenty-foot container weighsohées

* The weight of an unladen container is approxima2eignnes

» Half of the containers are 40 ft and half are 20'ftis translates into 166 lorry
journeys, 83 carrying 20’ containers and 83 cagylf’ containers

* The port is the final destination for half of thentainers and the remainder
make an average lorry journey from Teesport of 80 k

14



Water leg
Felixstowe to Teesport

Distance: 230 nautical miles = 427 kilometres
Tonnage: 250 TEU X 14 tonnes = 3,500 tonnes
Tonne-kilometres 3,500 X 427 = 1,494,500

Teesport to Felixstowe

Distance: 230 nautical miles = 427 kilomteres
Tonnage: 80 TEU X 14 tonnes = 1,120 tonnes
Weight of empty containers 170 x 2 = 340 tonnes

Tonne kilometres (1,120 + 340) x 427 =623,420
Water tonne kilometres 1,494,500 + 623,420 = 29207,

Road leg
It is assumed that half of the lorries (83 or 12BU) deliver to the port and the
remainder travel an average distance of 50 mileki®metres) from the port

Road tonnes 125 x 14 x 80 = 140, 000

Return journey

Assume all empty containers
125 x 2 x 80 = 20,000
Road tonne kilometres 160,000
Total tonne kilometres water option 2,117,920 + 160,000 = 2, 277,920

2. Road option

Distance Felixstowe — Teesport: 546 miles = 880ré&md trip
Tonnage: 250 TEU x 14 tonnes= 3,500 tonnes per day

3500 x 440 = 1,540,000

Assume that 80 come back full as with water option

15



80 x 14 x 440 =492,800
Others are empty
170 x 2 x 440 = 149,600

Total tonne kilometres; 2,182,400

Calculation of Externalities

|. Economic external effects

1.1 Congestion

Analysis of the congestion effects from 166 lomyrneys per day from Felixstowe —
Teesport — Felixstowe, uses the environmental iienedlculator of Department for
Transport.

Road Option
The road option uses the following routes whichehaarying levels of congestion as

determined by the Department for Transport:

Al4 — A1/A1(M1)

Felixstowe— Cambridge— Peterborough High Congestion

112 miles =50 + 62 69p
Peterborough- A19 Junction Very High Congestion
101 miles 69p

To Teesport — A19/A168 Moderate Congestion
60 miles 27p

Route valuation:
2* (112 +101) =426 * 69p = £293.94
2*60=120*27p = £32.40 Total: £326.34

Total lorry journeys: 166 per day (assuming 50%t2hd 50% 40ft containers)
Daily congestion costs from lorry journeys = 16826.34 =£54,172.44

16



Water option

The congestion that arises from the water optidates to the onward delivery from
Teesport by lorry. An assumption is made that therage length of journey is 50

miles.

Assume:

25 miles on A1 (M) High Congested 69p
25 miles on local roads Moderate/Low congested 7p/4p

Route valuation:

2*25=50*69p = £34.50

2*12.5=25*27p = £6.75

2*125=25*4p=£1 Total route valuatiord2£25
Total lorry journeys: 83 lorries per day

Daily congestion costs from all lorry journeys ="8842.25 =£3,507

1.2 Accident damages

Approximately 3.4% of total annual accidents happerifgoods vehicle” roads (9,958
accidents). From these there are:

1.5% - fatal accidents (150 people)

13.5 % - serious injuries (1,344 people)

85% - slight injuries (8,464 people)

It is complex to put a value on human life or igjurut other factors such as police,

hospital, vehicle recovery could be easily quaadifas direct costs.

The accident statistics are based on number ofchkekilometres. Given that the
Felixstowe-Teesport return trip accounts for sor@endllion vehicle-kilometres per
year, the use of water transport will reduce the likelih@d of road accidents

significantly per annum.

17



[l. Environmental external effects

2.1 Pollution - Carbon emissions

Pollution effects from transportation services assessed using the carbon emissions
factors from “CO2 Emissions from Freight Transportthe UK” by Prof. Alan
McKinnon, Logistics Research Centre. The figuretfa coastal ship of 30g is a mid-
range value per tonne-km adopted for the purpodesh® study. Additionally,
calculations will be made with data provided by VTe&chnical Research Centre in

Finland for purely comparative reasbhs

UK stats Finnish stats
CO2 emissions factor for a lorry 1389 pemmkm 58g
CO2 emissions factor for a coastal ship 3Qoer tonne-km 429

Road Option
CO2 emissions from lorry journeys (Felixstowe-Teagts{-elixstowe)

2,182,400 x 138g =

301.2 tonnes of CO2 emissions per day (UK stats)
2,182,400 x 58g =

126.58 tonnes of CO2 emissions per day (Fishistats)

Water Option
CO2 emissions from a ship journey (Felixstowe-Teespelixstowe)

(2,117,920x 30g )+ (160,000 x 138g) = 63.5 + 22.1

85.60 tonnes of CO2 per day (UK stats)
(2,117,920 x 429)+(160,000 x 58g) = 88.95 + 9.28 =

98.23 tonnes of CO2 per day (Finnish stats)

Pricing CO2 emissions
The price used here is 14euro (EUR 1= GBP 0.78805lay 2008, ECB).

10 http://lipasto.vtt.fi/indexe.htm
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CO2 emissions in UK monetary terms at price of £4:

UK statistics

From 250 lorry journeys = £4 * 301.2 = £1,204 ,@#E® @ European values)
From a ship journey = £4 * 85.6 = £342.40 (£800@ European values)

Finnish statistics
From 250 lorry journey = £4*126.58 = £506.32 (£1,@&@European values)
From a ship journey = £4*98.23 = £392.92 (£1,083@%uropean values)

2.2 Acidification
This includes NOx and SO2 based on DEFRA statistics
Road — 16.7 g per tonne-km Ship — 9.80 g per tdmme

Finnish statistics

Road — 1.36g per tonne-km Ship — 0.5g per torme-k

Road Option
NOx and SO2 emissions from 166 lorry journeys (sttiwe-Teesport-Felixstowe):

16.7g * 2,182,400
= 36.40 tonnes of emissions (UK stats)
1.36g * 2,182,400

=2.97 tonnes of emissions (Finnish stats)

Water Option
NOx and SO2 emissions from a ship journey (Felwstd eesport-Felixstowe)

9.8 g9*2,117,920 = 20.75 tonnes (UK stats)
0.5g * 2,117,920 = 1.06 tonnes (Finnish stats)

NOx emissions from 84 lorry journeys (Teesport—Ndelivery Centres—Tees)
16.7 g * 160,000 = 2.65 tonnes (UK stats)
1.36g * 160,000 = 0. 22 tonnes (Finnish stats)

Total 23.40 tonnes of emissions (UK stats)

Total 1.28 tonnes of emissions (Finnish stats)
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We should emphasise here that with the Low Sulphesel Fuel the amount of sulphur
is 1/10 the amount found in the commercial diesgl.f This makes the tonnes of
emissions significantly lower. Also the Low SulphDiesel Fuel does change the
sulphur ratio between Road and Water — it shifes riiitio from 35 to 55. The Water
Option produces 35% less acidification but with thew Sulphur Diesel Fuel it

produces 55% less acidification than the Road @ptio

2.3 Noise
Lorry journeys add to noise on the highways. Ind€gdnillion per year is allocated to
Highway Agency to provide noise mitigation at altations across England. It is clear

that the noise from a coastal vessel is minimaépk port.

[1l. Social external effects

3.1Health impact and quality of life

Emissions from transport contribute to poor airliya

The Department of Health estimates that improvementair quality lead to reduced
respiratory illness. Because of the complexity of a life cycle anay$d quantify such
impacts, a combination of methods is required.

Summary of the Case study

It finds that when the external effects are conmgidethe coastal service:

» saves £50,665 per day in costs of congestion bas&fT standards

* reduces the likelihood of road accidents

* produces less CO2 emissions which, when quantifiedonetary EU standards,
represents a saving of £2,369 per day (UK stat§Baf (Finnish statistics)

1 DH, “The health impact of climate change: promgtiustainable communities”, April 2008
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» the low sulphur diesel fuel improves the acidificatfigures as the water option
produces 55% less acidification

* reduces noise pollution

In terms of safety and quality of life, it will @ldead to fewer deaths and injury (illness),

and related costs of emergency services, hospatadsyehicle recovery.

21



Conclusions

Summarising what was discussed in this study, dbbees clear that many approaches
have been developed for estimating the externslitd an EU level, these issues are
tackled in a more systematic way while the UK reseais more fragmented.
Nevertheless, the quantification of external effdwis been achieved, which is a major
step for further economic developments. It bringa/ ®nvironmental constraints to the
classic microeconomic model and expands the uradeistg of an industry’s
performance. It provides more detail informationoatb the real impacts of

transportation on the society.
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