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Executive summary

This Deliverable reports on the work carried out and the results achieved in WP 9 of the
IMPRINT-NET Coordination Action, “External cost calculation: harmonisation of

approaches and validation of the GRACE software”.
The objectives of WP 9 are the following:

A. To conduct a systematic review of the external cost values recommended in the
DG TREN Handbook (with emphasis on road urban and interurban transport)

B. To assess the consistency of the Handbook values with the external cost values
generated by the GRACE software

C. To assess the consistency of the cost functions used in the GRACE software
with those adopted by the IMPACT study in producing the Handbook

D. To implement specific adjustments that might be needed to ensure better
compatibility between the Handbook and the GRACE software-generated values

E. To present and disseminate the GRACE software

Chapter 1, Differences in methods, reviews the consistency of the methodological
approaches adopted in the GRACE tool and in the IMPACT Handbook. The review
shows a significant consistency in the methods adopted, in particular for air pollution,
and global warming (via the impact pathway approach) and congestion (through the use

of speed-flow relationships).

Chapter 2, Differences in input values and data sets, reports about the consistency in
terms of data sets used in the two approaches. The comparison shows that for air
pollution and global warming the data sets are similar. For noise and accidents the most
important difference lies in the fact that the IMPACT Handbook relies on case studies
evidences (e.g. the VOSL from UNITE in the accident external costs evaluation), while
GRACE takes account of the HEATCO data.

Chapter 3 finally reports about the comparison of the external cost estimations.

Congestion, global warming and noise show a high degree of harmonization, to the



extent that the GRACE estimations systematically fall within the IMPACT Handbook
ranges, i.e. the minimum/maximum values around the central recommended value.
Concerning air pollution, the GRACE evaluations are broadly consistent with the
recommended central values in the IMPACT Handbook. Accident costs are extremely
dependent on the local conditions. For example, an exceptionally high accident rate may
determine higher accident external costs compared to the recommended average
estimations provided by the IMPACT Handbook.

Following the identification, assessment and interpretation of divergences between the
IMPACT handbook and the GRACE webtool (Objectives A, b and C above), a series of
adjustments were carried out to ensure maximum harmonisation (Objective D). The results
presented and discussed in this report refer to the revised version of the GRACE webtool,
Le. after implementation and testing of the adjustments. A detailed account of the
harmonisation process and of the adjustments ultimately implemented is provided in

ANNEX I. The ANNEX II provides the updated GRACE webtool user manual.



1 Differences in methods

1.1 Air pollution

The methodological basis for the assessment of external costs of air pollution in the
GRACE tool and in the IMPACT Handbook is the same. Both are in fact based on the
impact pathway approach, as shown in the figure below.

IMPACT GRACE
External Air Pollution Costs = specific emissicn * Cost factor per pollutant ¥
’ e Cap = SIHEFw(m, v, |, p) * DFadc, m, 1, p) + FC(m, v, |, f)*
T T DFep(c, m, )]
Urban/ Emission factor Differentiated damage cost
non-urban 951"1'“3"0” baﬁei on impact Cap = Costs due to air pollution [€/vkm]
athway approacl
vehicle category P ¥ app EFg4; = emission factor — direct emissions [g/vkm]
emission
standards DFgir = damage factor — direct emissions [€/g]
FC = fuel or electricity consumption factor [g/vkm or kWh/train-km]

DFrp = damage factor —fuel production [€/g or €/kWh]

m = mode

v = vehicle technology (including vehicle/vessel/aircraft type, fuel type,
emission standard)

| = location (urban, non-urban)

p = pollutant (PMz5, NOx, SO, NMVOC)

¢ = country

f = fuel type (electricity, petrol, diesel, ...)

The air pollution external costs are the results of a set of differentiated damage factors
(Euro per tonne of pollutant) depending on the location (urban and non urban context),
vehicle technology (car, HGV), emissions standards and fuel consumption. The
differentiated set of damage factors, including the country in the GRACE tool, are
multiplied by the emission factors (in grams of pollutant emitted per vehicle-kilometre),

in order to obtain the cost per vehicle kilometre.

1.2 Global warming

As for air pollution, the methodological approach for the assessment of global warming

external costs is the same in the IMPACT Handbook and in the GRACE tool..



IMPACT GRACE

External Climate Change Costs Cow = Z (EFg¢(m, v, g, I) * DFg(m, g) + FC(m, v, f,
= Specific GHG-emissions* External cost factor of COz equivalent 1) * DFep(m, f))
Cew = Costs due to global warming from
greenhouse gas emissions [€/vkm]
Urban/ GHG emission factors Based on Meta- EFg4 = emission factor — direct emissions [g /
norurban analysis of damage vkm]
type of engine and avoidance ~ cost DF g, = damage factor — direct emissions [€ / g]
approaches . .
FC = fuel or electricity consumption factor [g /
vkm]
T T f DFep = damage factor —fuel production [€ / g]
Cost allocation to traffic categories according GHG emission m = mode ) X X
v = vehicle technology (including
vehicle/vessel/aircraft type, fuel type, emission
standard)

g = greenhouse gas (CO,)
| = location (urban, non urban.)
f = fuel type (electricity, petrol, diesel, ...)

Ideally, the costs caused by greenhouse gas emissions would be calculated as damage cost
using the principles of the impact pathway approach, i.e. modelling the pressure (e.g. CO2
emissions), resulting burden (e.g. episodes of extreme hot summer days due to climate
change), response of receptors (e.g. increased mortality due to heat stress) and monetary

valuation.

Given the high uncertainties attached to the values of the damage costs, the unit cost of
greenhouse gas emissions is in fact derived from the available estimates of abatement (or
avoidance) costs. The costs resulting from the vehicle emission of greenhouse gases
(usually expressed as CO2 equivalent) is then obtained by multiplying the amount of CO2
equivalent emitted by a cost factor (the unit cost). Due to the global scale of the damage
caused, there is no difference how and where in Europe the emissions of greenhouse gases

take place.

1.3 Congestion

The theoretical basis (methodology and Value of Time values) for estimating
congestion costs is fully consistent in the two approaches. The congestion cost levels
that result from applying the GRACE tool depend on the traffic volumes at the road
segment under consideration that need to be put into the tool by the user. The IMPACT
hand-book does not include a set that is differentiated according to traffic volumes. The
output values mentioned in the handbook reflect typical values for the congestion cost
when traffic demand is about 100% of the road capacity. The IMPACT handbook



recommends the application of a (preferably local) speed-flow function. The GRACE
software tool includes such an approach by using a reference speed flow function (in
interurban context). Therefore the GRACE software tool can be regarded as an example
of a more sophisticated approach using Speed-flow Relationships which is explicitly
recommended in the IMPACT Handbook.

IMPACT GRACE
Q &S
VOT-O &v(0) MECC = ———vV
MEC,,, () =P 2 MO R
- v(Q)” g
With: VOT: Value of Time (€ / veh -hour) Reference speed flow curve based on the UK speed-flow

relationships for different road types
Q: Current traffic level (veh_/hour) P P

v(Q): Speed-flow function (km/hour)

' _ where S = speed; Q = flow; v=value of time
MEC .o Marginal external congestion costs

An important difference between the two approaches is that the congestion costs in the
IMPACT Handbook should be considered as optimal congestion costs (charge), i.e.
setting traffic flows at their optimal level, while the GRACE tool calculates the
congestion costs at the current traffic level. This means that the congestion costs
estimates from the GRACE tool can not directly be applied to set optimal charge levels.
However, this is a difference in the way data are presented rather than that it reflects a
fundamentally different approach.

1.4 Accidents

The methodological issues arising from the comparison of the IMPACT Handbook and
the GRACE tool concerning the marginal external cost of accidents derive from the
different data input: the basic methodology used in GRACE and IMPACT is the same,

however, the input data and way of generalising estimates are different.

The IMPACT recommended values are derived from case studies; i.e. the UNITE and
GRACE case studies following a bottom-up approach, while the GRACE
methodological approach relies on the identification of a cost function by using the key

drivers derived from literature review.



IMPACT GRACE
AG; = (5, Ay / Q )(VSL+NLP+MEDC;))

Marginal external accident costs =
traffic volume* risk elasticity * unit cost per accident * external part ACexemal = AC; (1-theta))
T I MCoxarnal = ACoxomal * E

Urban/ traffic volume Unit cost value per accident
interurban
vehicle
categones Assumption an
type of external part of
Infrastructure accident costs
etc.

Risk elasticity: risk of an additional accident at the actual level of traffic volume

Another important methodological aspect that needs to be considered is the risk
elasticity due to traffic increase. Given the lack of robust evidence available from
research, the GRACE tool uses one single coefficient, which is therefore not

differentiated by type of road (urban and motorways).

1.5 Noise

The two methodological approaches are similar: the bottom up approach used in the
IMPACT Handbook is based on the INFRAS case studies, that have been used as
reference case for deriving the IMPACT values. The approach is consistent with the
GRACE noise cost function approach, i.e. identifying the key drivers (exposed
population, location, time of the day, etc), in order to estimate the noise marginal cost.

IMPACT GRACE
The bottom-up approach is developed in the ExternE-project and is generally called the ‘Impact | In the Grace tool we use the following formula:
Pathway Approach’. The starting point of this approach is the micro level, i.e. the traffic flow on a | Cy = NLI(l, t, b, s) * VA(v, |) * Pop (l) * DF(b, c)
particular route. Two scenarios are calculated: a reference scenario reflecting the present scenario
with traffic volume, speed distribution, vehicle technologies, etc., and a marginal scenario which is ' In which:
based on the reference scenario, but includes one additional vehicle. The difference in damage costs | Cy = Costs due to noise [€/vkm]
of both scenarios represents the marginal external noise costs of that vehicle. NLI = noise level increment due to one additional
reference vehicle [dB(A)]
VA = road vehicle specific noise level adjustment
Pop = exposed population [persons / km]
DF = damage factor [€ / (dB(A) / person]
| = location (urban, non-urban)
t = time of day (day, night)
b = background noise level (high, low)
s = situation (peak, off-peak)
v = vehicle type (passenger car, HGV, intercity
train, high speed train, goods train,)
c = country




2 Differences in input values and basic data

2.1 Air pollution

The following table summarises the input values and data sets used for the evaluation of
air pollution external costs in the GRACE tool and in the IMPACT Handbook.

GRACE tool

IMPACT handbook

Basis of data

> Valuation of PM2.5 and PM10: HEATCO;
Valuation of NOx, NMVOC, SO2: CAFE CBA
> Emission factors: German handbook

> Valuation of PM2.5 and PM10: HEATCO;
Valuation of NOx, NMVOC, SO2: CAFE CBA
> Emission factors: German handbook

Pollutants included

> NOx, CO2, PM 2.5 exhaust, NMVOC, SO2
> PM non-exhaust not included

> NOx, CO2, PM 2.5 exhaust, PM10 non-
exhaust, NMVOC, SO2

» For PM2.5 into urban metropolitan, urban
and outside built-up areas

Unit of measure € 2000/g of emissions € 2000/t of pollutant
Differentiation » Specific data for EU 27, other countries: EU > EU 27
average > For PM2.5 and non-exhaust PM10 into urban

metropolitan, urban and outside built-up areas,
for exhaust PM10 into Urban metropolitan and
Outside built-up areas

The table shows that the main difference is that the GRACE tool does not explicitly

include non-exhaust PM emissions.

2.2 Global warming

The following table summarises the input values and data sets used for the evaluation of
global warming external costs in the GRACE tool and in the IMPACT Handbook.

GRACE tool

IMPACT handbook

Basis of data

IMPACT handbook 2010 value

Based on comprehensive literature review and on
experience with EU ETS

Pollutants included

CcOo2

Cco2

Differentiation

> No differentiation for short and long-term

> Differentiation for different years of application

The GRACE tool uses an estimate of CO2 emissions of 25 Euro per tonne CO2, which
is the value recommended in the IMPACT handbook for 2010. For the long term, the

handbook recommends higher valuation up to 85 Euro per tonne of CO2 in 2050.




2.3 Congestion

The following table summarises the input values and data sets used for the evaluation of
congestion costs in the GRACE tool and in the IMPACT Handbook.

GRACE tool

IMPACT handbook

Basis of data

> Based on speed-flow relationships using
SATURN outputs

Marginal congestion costs in 8 UK towns
Cost at current traffic level

~

~

> Based on different European case studies
(UNITE, GRACE, TRENEN-II-STRAN, MC-
ICAM, etc.)

Results represent ‘Proposed ranges of
marginal social cost prices’ of congestion by
road class and type of area (values represent
maximum MSCP)

Cost at optimal traffic level (with optimal
congestion charge)

~

~

~

PCU HGV on the basis of the UK speed-
flow relationship (interurban)

VOT > HEATCO, Differentiated: value for > HEATCO, differentiated by Business,
business and leisure Commuting, Other purposes
PCU > Based on IMPACT (urban) > PCU HGV depending on road type

Unit of measure

€2002/passenger, hour

€2000/vkm

Differentiation

> Differentiated per country
» For countries without diff. values European
average values used.

> Single value for EU 25, values have been
adjusted acc. to VOT of different countries
within the impact analysis

The table shows that no major differences can be observed in the data sets underlying the

two approaches.

2.4 Accidents

The following table summarises the input values and data sets used for the evaluation of
accident costs in the GRACE tool and in the IMPACT Handbook.

GRACE tool

IMPACT handbook

Basis of data

> Type of road: motorway, urban road, non-
urban road

VOSL > Based on HEATCO > Based on UNITE (value of safety per se, direct
and indirect economic costs)
Unit of measure €/fatality and injury €ctivkm
Differentiation > Level of injury: fatality, severe injury, slight | > Level of injury: fatality, severe injury, slight
injury injury

> Type of road: motorway, urban road, other
roads

10




The only difference concerns the VOSL, taken from the UNITE case studies in the
IMPACT Handbook and from HEATCO in the GRACE tool.

2.5 Noise

The following table summarises the input values and data sets used for the evaluation of
noise costs in the GRACE tool and in the IMPACT Handbook.

As for the accident case, the main difference concerns the data sets with monetary
evaluations, taken from the INFRAS/IWW case studies in the IMPACT Handbook and
from HEATCO in the GRACE tool.

GRACE tool IMPACT handbook
Basis of data > Damage factors from HEATCO INFRAS/IWW 2004
> Road vehicle specific noise level
adjustment: Bickel
Unit of measure €ctivkm €ctivkm
Differentiation > Urban/non-urban > Urban/non-urban
> Day/night > Day/night
> Low background level/high background > Low background level/high background level
level
» Peak/off-peak > Peak/off-peak
> Urban, suburban, rural > Urban, suburban, rural
> Values for EU 27 > EU average value, which can be translated to
other countries a defined value transfer
procedure

11



3 Comparative review of the Handbook values and those
generated by the GRACE tool

The comparison between the IMPACT recommended values and the GRACE tool
estimates of external costs must consider the following important differences in the two

approaches.

The GRACE tool has been basically designed for providing estimates at corridor (or
node) level, taking into account the specific characteristics of a given link or node in
terms of population density, noise background level, number of accidents, etc. On the
other hand, the IMPACT recommended values represent the “central” average values
between a minimum and a maximum, taking from literature review and involving

several case studies and evaluations.

This implies that the criteria for comparing the two sets of results, i.e. a case study (as
resulting from the GRACE tool) and an average value, as resulting from the Handbook
is that the value of the case study must be included in the range of the recommended
values, and, if not, taking in consideration the hypothesis that some value of the case
study is influenced by site specific characteristics highly different from the average

conditions.

For example, the follwiong table compares the GRACE estimations of external costs for
a HGV > 18 ton with the recommended IMPACT values in day/peak and night traffic
conditions. The estimations are expressed in €/vkm for travelling along the overall
corridor, whose length is about 1,800 km and that can be divided in 8 segments,
corresponding to four suburban areas (Al14-Al Bari-Bologna , Al4 Bologna area,
Milano-A9-Chiasso , A3 Bonn area) and four non urban segments (Al4-Al Bari-
Bologna , Al Bologna-Milano , A2 Chiasso-Basel , A3 Basel-Koln). The rationale in
distinguishing between suburban and non urban segments lies in the different damage

factors in the two contexts.

12



HGV Euro2 >18t Gace Handbook's reccomended values

Brindis - Koln Day/ Peak Night

Day/Peak  Night* | Central Min Max Central Min Max

Soncedion: Motorway/ Suburban | g 755 | 0,018 | 0,880 | 0,350 | 1,400 | 0,000 | 0,000 | 0,000

ngestion:

Motorway/ Rural 0,673 | 0,017 | 0,350 | 0,000 | 0,700 | 0,000 | 0,000 | 0,000

Noise: Suburban/ Rural 0,006 | 0,029 | 0,011 [ 0,004 | 0011 | 0,020 | 0,007 | 0,020
Air Pollution Motorway

0121 | 0421 | 0120 | 02120 | 0120 | 0,220 | 02120 | 0,120

Globalwarming | Motorway 0,022 | 0,022 | 0,022 [ 0,006 | 0040 | 0,022 | 0,006 | 0,040

Acddent Motorway 0,208 | 0,208 | 0,027 | 0,000 | 0,035 | 0,027 | 0,000 | 0,035

* Congestion cost night = off peak

The table shows that:

e concerning congestion costs and noise, the GRACE values are included within

the ranges of the recommended IMPCT values

e concerning air pollution and global warming , the GRACE values are included
to the recommended IMPACT values

e concerning accidents costs, the GRACE values are substantially higher than the
recommended IMPACT values, i.e. 0,208 €/vkm against 0,027 €/vkm

This difference is in fact due to the sensitivity of the GRACE calculation to the specific
values of accident risks at the segment level: the GRACE total corridor value of
accident costs is thus influenced by the higher accidents costs along the Milano-Chiasso
segment, for which, as showed in the table below, the accident value in equal to 1,035
€/vkm. The

13



HGV Euro2 >18t Grace Handbook's reccomended values
Milano - Chiasso suburban area Day/ Peak Night
Day/Peak  Night* | Central Min Max Central Min Max

Motorway/ Quburban
Gongestion:

Motorway/ Rural 0,724 | 0,010 | 0,880 | 0,350 | 1,400 | 0,000 | 0,000 | 0,000
Noise: Suburban/Rural 0,023 | 0,097 | 0,011 | 0,004 | 0,011 | 0,020 | 0,007 | 0,020
Air Pollution Motorway

0,090 0,090 | 0,120 | 0,120 | 0,120 | 0,120 | 0,120 0,120

Global warming Motorway 0,028 | 0,028 | 0,022 | 0,006 | 0,040 | 0,022 | 0,006 | 0,040
Acddent Motorway 1,035 | 1,035 | 0,027 | 0,000 | 0,035 | 0,027 | 0,000 | 0,035

* Congestion cost night = off peak

On the other hand, if we consider along the same corridor the segment corresponding to
the Bonn urban area, the accident value does fall within the range of the IMPACT
values, as shown in the table below, thus confirming the overall consistency of the two

sets of figures.

HGV Euro2 >18t Gace Handbook's reccomended values
Bonn suburban area Day! Peak Night
Day/Peak  Night* | Central Min Max Central Min Max

- Motorway/ Suburban | =9 719 | 0,011 | 0,880 | 0,350 | 1,400 | 0,000 | 0,000 | 0,000

Congestion:
Motorway/ Rura
Noise: Suburban/ Rurdl 0,027 | 0,113 | 0,012 [ 0,004 | 0011 | 0,020 | 0,007 | 0,020
Air Pollution Motorway
0,133 0,133 | 0,120 0,120 0,120 0,120 0,120 0,120

Global warming Motorway 0,028 0,028 | 0,022 0,006 0,040 0,022 0,006 0,040
Acddent Motorway 0,033 | 0,033 | 0,027 | 0,000 | 0,035 | 0,027 | 0000 | 0,035

* Congestion cost night = off peak

It can also be noted that the air pollution and global warming values at segment level, e.g.
in the Bonn suburban area and Milano-Chiasso, differ from the average at total corridor
level, to the extent that the segment values are influenced by the different damage values at

country level (air pollution) and the different emissions level in the suburban areas.

14



4 Conclusions

The following table summarises the findings about methods, input data and evaluations
of the IMPACT Handbook and the GRACE tool.

The conclusions by cost categories have been summarized in terms of an evaluation of
the degree of harmonization between the IMPACT recommended values and the

GRACE tool estimates of the transport external costs.

External cost  Degree of harmonization Comparison of evaluations

categories

Congestion High GRACE estimates included in the
IMPACT ranges

Air pollution High GRACE estimates included in the
IMPACT ranges

Climate change  High GRACE estimates included in the
IMPACT ranges

Noise High o GRACE estimates included in the

IMPACT ranges, with the possibility
to report variability due to particular
conditions, e.g. high population
density

Accident Medium e GRACE estimates may fall within or
outside the IMPACT  ranges,
reflecting the sensitivity of the
calculation to the specific values of
accident rates on individual links.

15



ANNEX I: Detailed account of the harmonisation process
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Reviewing data requirements for running the GRACE tool,
identification of the relevant corridors and urban areas to be

analysed in the Workshop (March 2008)

The following tables specify for the urban and non urban (corridor) contexts, rail and road
transport modes, the list of data required for running the GRACE tool. The tables were
prepared and circulated among the Workshop experts in order to collect and discuss the
relevant data for running the GRACE tool.

Utrban area

Data required
1) Noise background level

2) Exposed population

3) Average speed in Peak
and Off peak hour

4) Accidents

5) Flows

6) Km roads

Description
It is the level of
background noise

present in the wurban
area as a whole

It is the resident
population per km

It is the average speed
for a typical trip in Peak
and Off peak hour
It is the number of
Fatality
Severe injuries
Slight injuries
By:
car
HDV (including LDV)
It is the number of cars
and HDV (including
LDV) * km travelling in
the urban area
It is the lengths of the
urban roads

17

Unit of Measure
following The
qualitative assessment

The

is required:

High

Low

Persons/km
Km/h Peak
Km/h Off Peak

Absolute number

Cars*km/year

HGV/LDV*
km/year
Km

Period
most

recent

evaluation

The
recent
evaluation
The
recent
evaluation
The
recent
evaluation
(annual basis)

most

most

most

The
recent
evaluation
(annual basis)
The most
recent
evaluation
(annual basis)

most



Cotrridor (road)

Data required
1) Noise background level

2) Road type

3) Accidents

4) Flows

5) Exposed population

6) Vehicles/h Peak, Off peak

and Night

Description
It is the level of
background noise along
the corridor

Indicate the
road:
Motorway urban
Motorway non urban
Main road urban
Main road non urban

type of

It is the number of
Fatality
Severe injuries
Slight injuries
By
car
HDV (including LDV)
Indicate the number of
cars and HGV/LDV *
km travelling along the
corridotr/segment
It is the resident
population per km along
the corridor/segment
It is the number of
vehicles travelling along
the  corridor  (both
direction) in peak, off
peak and night time

18

Unit of Measure
The tfollowing
qualitative assessment
is required:
High

Low

Absolute number

Cars*km/year

HGV/LDV*
km/year
Persons/km

PCU vehicles
(passenger car unit)
per hour

Period
The most
recent

evaluation

The
recent
evaluation

most

The
recent
evaluation
(annual basis)

most

The
recent
evaluation
(annual basis)
The most
recent
evaluation
The
recent
evaluation
(annual basis)

most

most



Cotrridor (rail)

Data required Description Unit of Measure Period
1) Noise background level It is the level of The following The most
background noise along qualitative assessment recent

the corridor is required: evaluation
High
Low
2) Exposed population It is the resident Persons/km The most
population per km along recent
the corridor evaluation
3) Km roads It is the lengths of the Km The most
rail corridor for recent
Intercity/Freight and evaluation
High Speed rail track (annual basis)

As follow up of the discussion, it was decided:

e to feed the GRACE tool with the case studies experts insights and, at a more
general level, with the following sources:

Noise and exposed population:
http://www.eea.curopa.cu/

Accidents:
http://ec.curopa.cu/transport/roadsafety/road safety observatory/care en.htm

Flows:
http://epp.eurostat.ec.curopa.cu/portal/pager pageid=0,1136228,0 45572945& d

ad=portal

e to identify a number of relevant rail and road corridors at EU level and a number
of urban areas.
The corridors and the urban areas are the following:

Genova-Preston (road and rail)
Milan-Koln (road and rail)
Athens-Gothenburg (road and rail)
Barcelona-Warsaw (road and rail)
Rotterdam-Brussels (road and rail)
Paris-Wien (road and rail)
Paris-Brussels (road and rail)
Rotterdam-Constanza (rail)

9. Baltic Road corridor (rail)

10. Transalpine road corridor

11. Budapest and Gyor (road and rail)

PN AE DN
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http://www.eea.europa.eu/
http://ec.europa.eu/transport/roadsafety/road_safety_observatory/care_en.htm
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=0,1136228,0_45572945&_dad=portal&_schema=PORTAL
http://epp.eurostat.ec.europa.eu/portal/page?_pageid=0,1136228,0_45572945&_dad=portal&_schema=PORTAL

12.
13.
14.
15.
16.

AN

Harwich to Swinford road corridor (UK)
Sevilla-Brussels (road)

Paris-Warsaw (road)

Brisndisi-Koln (road)
Hamburg-Gothenburg (road)

The urban areas are the following (road):

Trondheim
Milan
Rome
Brussels
London

to invite the following experts to discuss the results during the Workshop:

* Nathan Bowden (TNO) for the Rotterdam-Constanza rail corridor

"  Chrstophe Liebe (ECOPLAN) for the Transalpine road corridor

» Karsten Sten Pedersen (COWI) for the Baltic rail corridor

* Adam Torok (BUTE) for the Budapest /Gyor corridor

* Peter Sellen, Department for Transport (UK) for the Harwich to Swinford
road corridor

* Angleo Martino( TRT, Italy) for the Milan urban area

* Terje trevtik (SINTEF) for the Throndhem urban areas
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Preliminary assessment of the external costs values obtained
running the GRACE software compared with the IMPACT
Handbook recommended values (March 2008)

In order to start the analysis, a preliminary assessment of the external costs estimated in the
two case studies presented in the GRACE D7, i.e. the road corridor Milan-Rotterdam and

the Central London area, was carried out. The preliminary assessment focused on the
comparison of the GRACE estimations with the IMPACT Handbook recommended

values.

The following tables show the results with reference to Car (diesel and petrol) and HGV:
a) The Milan-Rotterdam case study

Car petrol

The following tables compare the overall external costs in €vkm along the total corridor
for a medium car fuel type petrol 1.4-2L. Euro 2 standard (interurban trip).

For a meaningful interpretation of the comparison, it should be noted that:

e the external cost categories considered are homogenous, i.e. wear and tear costs
(estimated in the GRACE tool) and nature & landscape and soil & water
consumption (estimated in IMPACT) are not included. Up and downstream
processes (estimated separately in IMPACT) are included in the air pollution costs
in GRACE (through fuel and electricity production costs).

e the external costs categories in IMPACT are classified by peak (day) and night,
given that the only external cost category showing different values in off peak
traffic conditions is congestion (which is then equal to 0).

e Congestion costs in GRACE have been estimated based on an average traffic
composition of 50%-50% between business and leisure along the corridor

e Tigures in IMPACT are generally at € 2000, while in GRACE the general time
reference is € 2002 (with some minor departure).

Interurban petrol GRACE car

petrol

Peak | Off-Peak | Night
Noise 0.006 0.01 0.029
Congestion 0.141 0.002 0.001
Accident 0.008 0.008 0.008
Air pollution 0.003 0.003 0.003
Climate change 0.005 0.005 0.005

0.163 0.028 0.046
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Interurban petrol IMPACT car 1.4-
2L.

Peak/Day Min Max Night Min Max
Noise 0.001 0.000 0.001 0.002 0.001 0.002
Congestion 0.100 0.000 0.200 0.000 0.000 0.000
Accident (average cond.) 0.016 0.000 0.026 0.016 0.000 0.026
Air pollution * (average cond.) and Up
and Down 0.007 0.007 0.013 0.007 0.007 0.013
Climate change (average cond.) 0.004 0.001 0.008 0.004 0.001 0.008
0.129 0.009 0.247 0.036 0.016 0.060
The tables show a general consistency of the estimates, as shown by the fact that the
GRACE values (total external costs) are included in the range of IMPACT values. Not
surprisingly, noise and congestion costs (two among the most controversial external costs
categories) show the higher gaps. The GRACE congestion costs in peak traffic condition
are however included in the IMPACT range.
It is interesting to show the sensitivity of the specific GRACE national segments of the
Milan-Rotterdam corridor with respect to the IMPACT recommended values (car fuelled
by petrol, 1.4-2L.)
Milano-
Chiasso Chiasso-Basilea
Interurban petrol GRACE car petrol Interurban petrol GRACE car petrol
Peak Off-Peak | Night Peak Off-Peak | Night
Noise 0.007 0.011 0.035 Noise 0.004 0.007 0.021
Congestion 0.147 0.002 0.001 Congestion 0.194 0.003 0.001
Accident 0.015 0.015 0.015 Accident 0.008 0.008 0.008
Air pollution 0.003 0.003 0.003 Air pollution 0.003 0.003 0.003
Climate change 0.005 0.005 0.005 Climate change 0.005 0.005 0.005
0.177 0.036 0.059 0.214 0.026 0.038
Basel-
Duisburg Duisburg-Rotterdam
Interurban petrol GRACE car petrol Interurban petrol GRACE car petrol
Peak Off-Peak | Night Peak Off-Peak | Night
Noise 0.005 0.009 0.027 Noise 0.009 0.014 0.043
Congestion 0.123 0.002 0.001 Congestion 0.122 0.002 0.001
Accident 0.008 0.008 0.008 Accident 0.006 0.006 0.006
Air pollution 0.003 0.003 0.003 Air pollution 0.003 0.003 0.003
Climate change 0.005 0.005 0.005 Climate change 0.005 0.005 0.005
0.144 0.027 0.044 0.145 0.030 0.058
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Interurban petrol IMPACT car 1.4-
2L.

Peak/Day Min Max Night Min Max
Noise 0.001 0.000 0.001 0.002 0.001 0.002
Congestion 0.100 0.000 0.200 0.000 0.000 0.000
Accident (average cond.) 0.016 0.000 0.026 0.016 0.000 0.026
Air pollution * (average cond.) and Up
and Down 0.007 0.007 0.013 0.007 0.007 0.013
Climate change (average cond.) 0.004 0.001 0.008 0.004 0.001 0.008
0.129 0.009 0.247 0.036 0.016 0.060
The Milano-Chiasso and Chiasso-Basel segments suffer of the higher congestion and
accident costs, due to the presence of the highly urbanized areas nearby Milan (along the
Milano-Chiasso route). In such cases the total external costs approximate the higher range
of the IMPACT values (on the Chiasso-Basel segment)
Car diesel
The same considerations hold in the case of a medium car fuelled by diesel, as shown in the
table below (total corridor estimates).
Interurban petrol GRACE car diesel
Peak | Off-Peak | Night
Noise 0.006 0.01 0.029
Congestion 0.141 0.002| 0.001
Accident 0.008 0.008| 0.008
Air pollution 0.007 0.007 | 0.007
Climate change 0.004 0.004 | 0.004
0.166 0.031] 0.049
Interurban petrol IMPACT car diesel
1.4-2L.
Peak/Day Min Max Night Min Max
Noise 0.001 0.000 0.001 0.002 0.001 0.002
Congestion 0.100 0.000 0.200 0.000 0.000 0.000
Accident (average cond.) 0.016 0.000 0.026 0.016 0.000 0.026
Air pollution * (average cond.) and Up
and Down 0.013 0.013 0.027 0.013 0.013 0.027
Climate change (average cond.) 0.004 0.001 0.007 0.004 0.001 0.007
0.134 0.015 0.261 0.040 0.020 0.071
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HGV

The HGV considered in GRACE is a typical HGV > 18 tons Euro 2, 4 or 5. In order to
compare the results with the IMPACT HGV (> 32 tons, Euro 3), the GRACE air
pollution and global warming external costs have been averaged between the Euro 2 and 3
results.

Interurban petrol GRACE HGV>18
Peak | Off-Peak | Night

Noise 0.038 0.063 0.190
Congestion 0.746 0.010 0.005
Accident 0.056 0.056 0.056
Air pollution 0.022 0.022 0.022

Climate change 0.019 0.019 0.019

0.881 0.170 0.292

Interurban petrol IMPACT HGV

Euro 3.
Peak/Day Min Max Night Min Max

Noise 0.011 0.004 0.011 0.020 0.007 0.020
Congestion 0.350 0.000 0.700 0.000 0.000 0.000
Accident (average cond.) 0.027 0.000 0.035 0.027 0.000 0.035
Air pollution * (average cond.) and Up
and Down 0.112 0.112 0.281 0.112 0.112 0.281
Climate change (average cond.) 0.022 0.006 0.040 0.022 0.006 0.040

0.522 0.122 1.067 0.208 0.152 0.443

As for the passenger cars, the GRACE total external costs are included in the range of the
IMPACT wvalues. With reference to the recommended values, the higher GRACE external
costs reflect the higher estimations for congestion, noise and accident external costs, while
the reverse happens with air pollution external costs.

Milano-
Chiasso Chiasso-Basel
Interurban petrol GRACE HGV>18 Interurban petrol GRACE HGV>18
Peak Off-Peak | Night Peak Off-Peak | Night

Noise 0.046 0.076 0.230 Noise 0.028 0.046 0.138
Congestion 0.724 0.011 0.004 Congestion 1.001 0.012 0.005
Accident 0.115 0.115 0.115 Accident 0.078 0.078 0.078
Air pollution 0.022 0.022 0.022 Air pollution 0.027 0.027 0.027
Climate change 0.019 0.019 0.019 Climate change 0.019 0.019 0.019

0.926 0.243 0.390 1.152 0.181 0.266
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Basel-

Duisburg Duisburg-Rotterdam
Interurban petrol GRACE HGV>18 Interurban petrol GRACE HGV>18
Peak Off-Peak | Night Peak Off-Peak | Night
Noise 0.036 0.059 0.178 Noise 0.058 0.095 0.287
Congestion 0.657 0.009 0.004 Congestion 0.660 0.009 0.004
Accident 0.050 0.050 0.050 Accident 0.028 0.028 0.028
Air pollution 0.022 0.022 0.022 Air pollution 0.023 0.023 0.023
Climate change 0.019 0.019 0.019 Climate change 0.019 0.019 0.019
0.784 0.159 0.273 0.788 0.174 0.361
Interurban petrol IMPACT HGV
Euro 3.
Peak/Day Min Max Night Min Max
Noise 0.011 0.004 0.011 0.020 0.007 0.020
Congestion 0.350 0.000 0.700 0.000 0.000 0.000
Accident (average cond.) 0.027 0.000 0.035 0.027 0.000 0.035
Air pollution * (average cond.) and Up
and Down 0.112 0.112 0.281 0.112 0.112 0.281
Climate change (average cond.) 0.022 0.006 0.040 0.022 0.006 0.040
0.522 0.122 1.067 0.208 0.152 0.443
The situation in the specific segments of the corridor may in part explain the gaps: in the
segment Milano-Chiasso and Chiasso-Basel, the high congestion and accident external
costs make the total external costs higher than the upper range of the IMPACT bandwidth.
b) The London case study
Car petrol
This case study concerns the central London area as defined by the congestion charging
scheme.
Urban petrol GRACE car petrol
Peak | Off-Peak | Night
Noise 0.007 0.009 0.024
Congestion 2.756 0 0
Accident 0.178 0.178 0.178
Air pollution 0.003 0.003 0.003
Climate change 0.004 0.004 0.004
2.948 0.194 0.209
Urban petrol IMPACT car 1.4- 2L.
Peak/Day Min Max Night Min Max
Noise 0.008 0.008 0.019 0.014 0.014 0.034
Congestion 2.000 1.500 3.000 0.000 0.000 0.000
Accident (average cond.) 0.041 0.000 0.065 0.041 0.000 0.065
Air pollution * (average cond.) and Up 0.011 0.011 0.016 0.011 0.011 0.016
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and Down

Climate change (average cond.)

0.007

0.002

0.012

0.007

0.002

0.012

2.067

1.521

3.111

0.083

0.037

0.139

The comparison considers the IMPACT central reference values for congestion in urban
areas (local street centre) with the resident population higher that 2 millions of inhabitants

(as in the case of London).

A general consistency in the total external costs (peak traffic conditions) and noise can be
observed. The IMPACT air pollution and global warming external costs show higher

values.

Car diesel

The comparison for a typical diesel car shows a trend similar to the petrol cars. Diversely
from the petrol cars, however, the external costs of air pollution do not diverge

significantly.

Interurban petrol GRACE car diesel

Peak | Off-Peak | Night
Noise 0.007 0.009| 0.024
Congestion 2.756 0 0
Accident 0.178 0.178] 0.178
Air pollution 0.018 0.018| 0.018
Climate change 0.003 0.003 | 0.003
2.962 0.208| 0.223
Urban petrol IMPACTcar diesel
Peak/Day Min Max Night Min Max
Noise 0.008 0.008 0.019 0.014 0.014 0.034
Congestion 2.000 1.500 3.000 0.000 0.000 0.000
Accident (average cond.) 0.041 0.000 0.065 0.041 0.000 0.065
Air pollution * (average cond.)
and Up and Down 0.021 0.021 0.037 0.021 0.021 0.037
Climate change (average cond.) 0.005 0.001 0.009 0.005 0.001 0.009
2.075 1.530 3.130 0.088 0.043 0.155
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HGV

The comparison for HGV confirms the consistency of the evaluation (being the GRACE
evaluations included in the IMPACT range), together with the lower air pollution estimates
in GRACE (similar to the trend observed for cars) and the higher accident costs.

Interurban petrol GRACE HGV diesel

Peak | Off-Peak | Night
Noise 0.062 0.082| 0.214
Congestion 5.511 0.000| 0.000
Accident 0.081 0.081 | 0.081
Air pollution 0.044 0.044 | 0.044
Climate change 0.016 0.016] 0.016

5.714 0.223] 0.355
Urban diesel IMPACT HGV
Euro 3

Peak/Day Min Max Night Min Max
Noise 0.070 0.070 0.170 0.128 0.128 0.310
Congestion 3.000 4.000 6.000 0.000 0.000 0.000
Accident (average cond.) 0.105 0.000 0.139 0.105 0.000 0.139
Air pollution * (average cond.)
and Up and Down 0.112 0.112 0.281 0.112 0.112 0.281
Climate change (average cond.) 0.022 0.006 0.040 0.022 0.006 0.040
3.309 4.188 6.630 0.394 0.273 0.837

The following preliminary conclusion were then reached, setting the stage for the

harmonization

e The preliminary analysis shows a general consistency between the GRACE tool
evaluations and the IMPACT Handbook values. The GRACE estimations in fact
systematically fall within the range proposed by the IMPACT review, with the
exception of the Chiasso-Basel corridor (HGV), higher than the upper value of
IMPACT bandwidth (1.152 vs 1.067).

e For some cost categories, e.g. total external costs for passenger cars (petrol), the

GRACE estimations slightly exceed (+20%) the IMPACT recommended value

e The gap between the GRACE and IMPACT estimations rises for HGV, for which
congestion, accident and noise external costs represent the most important
divergent values. In such a case, the sensitivity of the external costs evaluations to
the site-specific conditions are deemed as the most important factors explaining the

gaps
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Developing the supporting activities to the harmonization of
the IMPACT Handbook values with the GRACE calculation
tool (April 2008)

A Call for Tender for a service study on the harmonization between IMPACT and
GRACE was launched on February 2008 in order to support ISIS in the harmonization
exercise. The contractor should have provided the following tasks:

a) assisting ISIS in data collection for running the case studies through the GRACE
tool

b) reporting on results

¢) helping to solve inconsistencies

d) participation to a dedicated Workshop in Brussels

CE DELFT and INFRAS provided the best offer for the service study. The contents of
the service included the following tasks:

e Task 1 Reaction to the report drafted by ISIS.

e Task 2 Discussion session with ISIS + participation to the workshop with
‘technical people’.

e Task 3 Reaction to the report drafted by ISIS.

e Task 4 Contribution/participation to final conference.

On April 22 the technical meeting with the contractor took place at ISIS premises in Rome.
Topics of the meeting were:

e Reviewing differences in methods
e Reviewing differences in input values and external costs evaluations
e Differences in the level of differentiation of results

Differences in methods

Congestion (road)

The following table summarises the two approaches adopted in the IMPACT Handbook
and in the GRACE tool.

IMPACT GRACE
Q &S
VOT-Q &v MECC = -——vV
MEC,,,, (@) =TT 2 Q) 2
) (@) 89
With: VOT: Value of Time (€ / veh.-hour) Refgrencg speeq flow curve based on the UK speed-flow
) relationships for different road types
Q: Current traffic level (veh_/hour)
v(Q):  Speed-flow function (km/hour) where S = speed; Q = flow; v=value of time

MEC .. Marginal external congestion costs
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The formal equation is the same in the two approaches. However, the speed-flow functions
are different: based on the German EWS speed-flow in the IMPACT Handbook and on
the UK speed-flow in GRACE (interurban case).

Furthermore, the assessment of urban congestion costs in GRACE is based the SATURN
outputs (eight UK cities).

Another difference is in the potential use of the congestion costs evaluations in terms of
charging policies: the IMPACT recommended congestion costs result in fact from an
equilibrium iterative process with traffic flows and can be used consequently for charging
the congestion costs at the optimum. On the other hand, the GRACE congestion costs do
not consider the traffic reactions arising from price elasticity of demand.

Air pollution

The methodological approach for the assessment of air pollution external costs is the same
as in the IMPACT Handbook and in the GRACE tool.

IMPACT GRACE
External Air Pollution Costs = specific emission * Cost factor per pollutant ¥
" pere Cre = Z[(EFam, V.1, p) " DFafc, m, I, p) + FC(m, v, 1, )
T T DFep(c, m, f))]
Urban/ Emission factor Differentiated damage cost
non-urban estimation based an impact Cap = Costs due to air pollution [€/vkm]

vehicle category pathway approach

emission
standards

EFqir = emission factor — direct emissions [g/vkm]

DFir = damage factor — direct emissions [€/g]

FC = fuel or electricity consumption factor [g/vkm or kWh/train-km]
DFgp = damage factor —fuel production [€/g or €/kWh]
m = mode

v = vehicle technology (including vehicle/vessel/aircraft type, fuel type,
emission standard)

| = location (urban, non-urban)

p = pollutant (PM25, NOyx, SO, NMVOC)

¢ = country

f = fuel type (electricity, petrol, diesel, ...)

The only difference, affecting data rather than evaluation methods, is that the GRACE air
pollution evaluations also include the indirect costs, i.e. air pollution costs arising from the
fuel production. In order to ensure comparability, the GRACE tool evaluation should
separate the air pollution marginal costs assessment into indirect costs (Up and down steam
costs) and direct air pollution costs.

Global warming

As for the air pollution, the methodological approach for the assessment of global warming
external costs is the same in the IMPACT Handbook and in the GRACE tool..
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IMPACT GRACE
External Climate Change Costs Cow = Z (EFg(m, v, g, I) * DFg(m, g) + FC(m, v, f,
= Specific GHG-emissions* External cost factor of COz equivalent 1) * DFgp(m, f))
T T Cow = Costs due to global warming from
greenhouse gas emissions [€/vkm]
Urban/ GHG emission factors Based  on Meta- EFg4 = emission factor — direct emissions [g /
norurban analysis _of damage vkm]
type of engine jndmi‘fe'ia”ce cost DF g, = damage factor — direct emissions [€ / ]
PP FC = fuel or electricity consumption factor [g /
vkm]
T T f DFgp = damage factor —fuel production [€ / g]
Cost allocation to traffic categories according GHG emission m = mode ) X X
v = vehicle technology (including
vehicle/vessel/aircraft type, fuel type, emission
standard)
g = greenhouse gas (CO,)
| = location (urban, non urban.)
f = fuel type (electricity, petrol, diesel, ...)

Noise

The two approaches are similar: the bottom up approach developed in the INFRAS case
studies has been used as reference case for deriving the IMPACT values. The approach is
consistent with the GRACE noise cost function approach, i.e. identifying the key drivers
(exposed population, location, time of the day, etc), in order to estimate the noise marginal
cost.

IMPACT GRACE
The bottom-up approach is developed in the ExternE-project and is generally called the ‘Impact | In the Grace tool we use the following formula:
Pathway Approach’. The starting point of this approach is the micro level, i.e. the traffic flow on a | Cy = NLI(l, t, b, s) * VA(v, |) * Pop (l) * DF(b, c)
particular route. Two scenarios are calculated: a reference scenario reflecting the present scenario
with traffic volume, speed distribution, vehicle technologies, etc., and a marginal scenario which is | In which:
based on the reference scenario, but includes one additional vehicle. The difference in damage costs | Cy = Costs due to noise [€/vkm]
of both scenarios represents the marginal external noise costs of that vehicle. NLI = noise level increment due to one additional
reference vehicle [dB(A)]
VA = road vehicle specific noise level adjustment
Pop = exposed population [persons / km]
DF = damage factor [€ / (dB(A) / person]
| = location (urban, non-urban)
t = time of day (day, night)
b = background noise level (high, low)
s = situation (peak, off-peak)
v = vehicle type (passenger car, HGV, intercity
train, high speed train, goods train,)
c = country

However, the following methodological aspects in the GRACE approach need to be
clarified:

e the GRACE exposed population (in person per linear kilometre) need to be
specified, i.e. what is the distance from the noise emitting source considered ? Is it
the same in the urban and non urban context ?

e the GRACE NLI parameter, deriving the noise level increment due to one
additional reference vehicle [dB(A)] per noise background level, time of the day,
traffic intensity and type of road, needs to be specified with reference to the
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background methodological sources, i.e. how the NLU have been assessed ? On
the basis of what assumptions ?

Accidents

The methodological issues arising from the comparison of the IMPACT Handbook and
the GRACE tool concerning the marginal external cost of accidents are similar to the noise
case. In both cases the IMPACT recommended values are derived from case studies; i.e.
the UNITE and GRACE case studies following a bottom-up approach for the accident,
while the GRACE methodological approach tries to derive a cost function using the key
drivers drawn from literature review.

IMPACT GRACE
AC = (5; A;/ Q )*(VSL+NLP+MEDC))

Marginal external accident costs =

traffic volume™ risk elasticity * unit cost per accident ™ external part ACextemal = AC; (1-theta))

T I MCoexternat = ACexiema * E

traffic volume Unit cost value per accident

Urban/
interurban
vehicle

categories Assumption  on
type of external part of
Infrastructure accident costs

ete

Risk elasticity: nsk of an additional accident at the actual level of traffic volume

The methodological aspect that needs to be further investigated is the risk elasticity due to
traffic increase. The GRACE approach in fact uses just one coefficient by type of vehicle
without differentiation for the type of road. Further research is needed for deriving such
coefficient at least for urban (road type) and non urban areas (motorways).

Difterences in input values and external costs evaluation

Congestion (road)

GRACE tool

IMPACT Handbook

Basis of data

e Based on speed-flow
relationships using
SATURN outputs
(urban)

e Marginal congestion costs
in 8 UK towns (urban)

o Based on different
European case studies
(UNITE, GRACE,
TRENEN-II-STRAN,
MC-ICAM, etc.)

VOT HEATCO value for | HEATCO, differentiated by
business and leisure Business, Commuting,
Other purposes
PCU Input by the user by road | PCU for HGV depending
type (interurban) on road type
Unit of measure €2002/passenger, hour €2000/vkm
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The overall results of the GRACE tool' are consistent with the range of recommended
values of the IMPACT Handbook. Both approaches use the VOT from HEATCO.

Air pollution

GRACE tool

IMPACT Handbook

Basis of data

e HEATCO

e For PM2.5 and PM10:
HEATCO

e NOx, NMVOC, SO2:
CAFE CBA

Emission factots

Road: Data are based on
German conditions and
include cold start (source:
HBEFA (Handbuch
Emissionsfaktoren des
StraBenverkehrs, Handbook
emission factors for road
transport, UBA 2004)

Vehicle technology:
EUROII, EUROIV,
EUROV.

Rail: source: UCTE

Air:  EMEP/CORINAIR
Emission Inventory
Guidebook — 2006

IWW: TREMOVE Base
case

Maritime: ENTEC (2005)

TREMOVE version 2.4.1
Vehicle technology: Euro
standards EURO 0-V (all
modes)

Pollutant

e NOx, CO2, PM 2.5
exhaust, NMVOC, SO2

e PM non-exhaust not
included

All PM emissions included
(for non exhaust emissions
PM10 figures of HEATCO

Unit of measure

€ 2002/g of emissions

€ 2000/t of pollutant

The comparison shows the different reference values in the emission factors and damage
factors used in the IMPACT Handbook and in the GRACE tool. In particular:

e PM2.5 urban: GRACE values for urban areas lie slightly above IMPACT values for
"urban metropolitan" and about a factor 3 above "urban" values (depends on the
definition of urban: HEATCO urban values represent rather ‘urban metropolitan’
values than ‘urban values’

e Germany: GRACE: 0.434 €2002/g (urban), IMPACT: 0.384 €2000/¢ (=0.389
€2002)

e Sweden: GRACE: 0.438 €2002/g (utban), IMPACT: 0.352 €2000/g (=0.361
€2002/¢)

I Tested on the road corridor Milan-Rotterdam
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e PM2.5 non-urban: GRACE values lie slightly above IMPACT values:

e Germany: GRACE: 0.08 €2002/g (non-urban), IMPACT: 0.075 €2000/¢g (=0.076
€2002/¢)

e Sweden: 0.04 €2002/g (non-urban), IMPACT: 0.034 €2000/g (= 0.035 €2002/g

e NOx: IMPACT value are about a factor 2 higher than GRACE values (for some
countries even more), Reason: valuation of secondary particles different, IMPACT
based on CAFE CBA, GRACE based on HEATCO/ExternE. ExternE considers
secondary particles as less toxic than CAFE CBA)

o NMVOC: Values differ between countries, for some countries GRACE values are
abo ve IMPACT values, for others below, Reason: IMPACT applies CAFE values.

e Germany: GRACE: 1126 €2002/t, IMPACT: 1700 €2000/t (=1720 €2002/t)

e TItaly: GRACE: 1570 €2002/t, IMPACT: 1100 €2000/t (=1119.8 €2002/%)

e Sweden: GRACE: 256 €2002/t, IMPACT: 300 €2000/t (=302 €2002/t)

e SO2: IMPACT values are about a factor 2 higher than GRACE values (for some
countries even more),:

e Germany: GRACE: 4450 €2002/t, IMPACT: 11'000 €2000/t (=11'132 €2002/%t)

e Sweden: GRACE: 1020 €2002/t, IMPACT: 4'300 €2000/t (=4333.8 €2002/1).

Furthemore, the GRACE PM external costs do not include the damage evaluation from
the non-exhaust emissions and have not been provided in the metropolitan areas (a sort of
intermediate level between urban and non urban areas).

All these factors may explain the systematic lower values of air pollution costs in GRACE,
compared to the IMPACT Handbook.

Summing up, the actions suggested for ensuring better harmonization are,

a) the inclusion of non-exhaust air pollution external costs,

b) the use of the IMPACT damage costs evaluation;

) the differentiation of air pollution costs in urban, non urban and metropolitan areas
(under the “Non Urban Area” in the GRACE main menu).

Another difference already mentioned above is that the GRACE tool does not separately
show Up and Down stream air pollution costs (which are however included).

Global warming

GRACE tool IMPACT Handbook
Basis of data e HEATCO, central e Based on comprehensive
estimation literature review and on
experience with EU ETS
Pollutant CO2 CO2

The only difference in reference data is that GRACE uses the shadow price — central
estimate of 22 €2002/tonne of CO2 equivalent emitted (factor price) along the years of
emission 2000-2009, while the recommended values in IMPACT are projected at 2010-
2020-2030-3040-2050 (€/tonnne of CO2).
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Concerning the external climate change cost evaluation, the overall results of the GRACE
tool” are consistent with the range of recommended values of the IMPACT Handbook.

Noise
GRACE tool IMPACT Handbook

Basis of data e Damage factors from e Damage factors from

HEATCO INFRAS/IWW case

e Road vehicle specific studies (INFRAS/TWW

noise level adjustment: 2004)

GRACE partner
Unit of measure e €/vkm e €ct/vkm

The following table compares the IMPACT Handbook and the GRACE tool marginal

noise costs in various situations.

Time of day Urban Suburban
Car Day 0.76 0.12
IMPACT values (0.76 — 1.85) (0.04 — 0.12)
Night 1.39 0.22
(1.39 - 3.37) (0.08 - 0.22)
Car Day High background level: 1.5 - 2.1 | High background level: 0.31 - 0.36
GRACE values Low background level: 2.1 -3.1 Low background level: 0.26 — 0.42
Night High background level: 4.56 High background level: 1.2
Low background level: 5.41 Low background level: 1.3
HGV Day 7.01 1.10
IMPACT values (7.01 - 17.00) 0.39 - 1.10
Night 12.78 2.00
(12.78-30.98) 0.72 - 2.00
HGV Day High background level: 10.4-13.7 High background level: 1.5 - 1.8
GRACE values Low background level: 13.5-20.3 Low background level: 1.3 - 2.1
Night High background level: 30.2 High background level: 6.3
Low background level: 35.8 Low background level: 6.4

e Tor cars, the day values of GRACE for urban areas lie close to the upper
bandwidth of the IMPACT values or slightly above. For suburban areas, the
GRACE values lie three times above the IMPACT values. The night values of
GRACE lie above IMPACT values in both urban and suburban areas.

e For HGV, the day values for urban areas lie in about the same range than IMPACT
values. Day values for cars in suburban areas are slightly higher. The night values
for HGV lie above IMPACT values in both situations.

In general, it can be said that the GRACE tool values are higher than the IMPACT ones, in
particular for cars. However, it is worthwhile to stress that the values are highly sensitive to
the assumptions on exposed population.

Further research about the methodological assumptions behind the exposure population in
GRACE is needed.

2Tested on the road corridor Milan-Rotterdam
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Accidents

GRACE tool IMPACT Handbook
Basis of data e CARE database, accident o UNITE and GRACE
rates case studies
VOSL e Based on HEATCO e Based on UNITE (value
UNITE cost value in of safety per se, direct
€2002 (values expressed and indirect economic
in PPP factor prices). It costs) €2000. It considers:
includes: VSL + other ° Fatality; VSL average
direct and indirect costs value: €1.5 million
(medical costs, net e Severe injuties: 13% of
production losses, VS,
administrative costs), o Slight injuries: 1% of VSI,
(VSL based on UNITE
assumptions)

e Moreover, a factor has
been applied in order to
include material cost,
respectively:

Fatality: 0.8
Severe injuries: 0.25
Slight injuries 0.55

Unit of measure e €/fatality and injury/vkm e €ct/vkm

The comparison in terms of order of magnitude of the VOSL shows that the IMPACT
Handbook and the GRACE tool have the same order of magnitude. For some countries,
the IMPACT values lie slightly below the GRACE values, for other countries above.
Furthermore,
e Severe injury: Values of GRACE lie above IMPACT values, for some countries up
to15% higher.
e Slight injury: Values of GRACE lie considerably above IMPACT values, for some
countries up to 50%

The comparison of the external cost evaluation shows that the GRACE values lie below
the IMPACT values (car) and above the IMPACT values (HGV and urban car). Given that
no significant difference have been found for the VOSL, the other important variable
explaining the difference is the accident risk (however highly site-dependent). Further
analysis is then required in order to differentiate the accident risk by type of road.
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Differences in the level of differentiation of results

Congestion (road)

GRACE tool

IMPACT Handbook

Differentiation

e Differentiated per
country (VOT). For
countries non EU 27 an
average European values
has been used

e [ocation: Interutban,
urban

e Time period: Peak — off-
peak

e Network type: different
road types

e Time period: Peak, off-
peak, night

e Vehicle type: car, HGV

e Single value for EU 25,

values have been adjusted

acc. to VOT of different

countries within the

impact analysis

Road:

e Location: Interurban,
urban, metropolitan

e Network type: different
road types

e Time period: Peak, off-
peak

e Vehicle type: car, HGV

No particular difference has been identified.

Air pollution
GRACE tool IMPACT Handbook
Differentiation Specific data for EU 27, e EU 27
other countries: EU average. o For PM2.5 and non-exhaust
For PM2.5: differentiation PM10 into urban

into urban, non-urban
Road:

Location: urban, interurban,
motorway

Vehicle technology: EUROII,
EURO IV, EURO V.

Vebhicle type: car (medium
size), HGV (<18t, >18¢),
LGV (urban)

Fuel type: petrol, diesel

Type of pollutants: NOXx,
NMVOC, SO2, PM 2.5

Rail:
Location: interurban

Vehicle type: passenger,
freight

Fuel type: electric
Technology type: Intercity ,

metropolitan, urban and
outside built-up areas, for
exhaust PM10 into Urban
metropolitan and Outside
built-up areas

Road:

Location: metropolitan,
urban, interurban, motorway
Vehicle technology: Euro
standard (0-V)

Vehicle type: car (>1.41, 1.4-
21, >21), HGV (<7.5¢, 7.5-
16t, 16-32t, >32t)

Fuel type: petrol, diesel

e Type of pollutants: NOx,

NMVOC, SO2, PM 2.5
Rail:

e Location: metropolitan,

other urban, non utban
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GRACE tool IMPACT Handbook

HS train, goods train e Vehicle type: passenger,
e Inland Waterways: freight
e Different ship type e Fuel type: electric, diesel
e Type of pollutants: NOx, e Vehicle type: locomotive,
NMVOC, SO2, PM 2.5 railcar, HS train
o Air: e Inland Waterways:
¢ Different airplane types e Different ship type
e Type of pollutants: NOx, o Air:
NMVOC, §O2, PM 2.5 e Emissions calculated for
e Emissions calculated at different flight distance

airport (basing on Frankfurt
case study)

e Short Sea Shipping

e Different vessel type

e Type of pollutants: NOx,
NMVOC, SO2, PM 2.5

The most significant differences in terms of differentiation of results are the following:

e differentiation by urban, non urban and metropolitan areas in the IMPACT
Handbook (only urban and non urban in the GRACE tool)

e classification of HGV vehicle type in four categories (<7.5t, 7.5-16t, 16-32t, >32t)
in the IMPACT Handbook (only two categories in the GRACE tool; > and< 18t)

Rail air pollution costs in IMPACT differentiate diesel and electricity, while in GRACE
only electricity trains are considered (due to the non significant share of diesel train in

Europe).

Global warming

GRACE tool IMPACT Handbook
Differentiation e No differentiation for e Differentiation for
short and long term different years of
application

The differentiation by long term impacts in IMPACT does not represent a significant
drawback, due to the possibility to change the reference values through the GRACE tool in
sensitivity analysis.

Noise
GRACE tool IMPACT Handbook
Differentiation e Road: e Road:
e Network type: urban, e Location: urban,
motorways, non urban suburban, rural

e Time period: day, night e Time period: day, night
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e Traffic condition: peak, e Vehicle type: car, MC,

off-peak, night bus, LGV, HGV
e Vehicle type: car, LGV, e Rail:
HGV e [ocation: urban,
e Rail: suburban, rural
e J.ocation: interurban e Time period: day, night
e Time period: day, night e Vehicle type: passenger,
e Vehicle type: passenger, freight
freight o Air:
e Technology type: e Different airplane type
Intercity , HS train, goods e Time period: day,
train evening, night
o Air e Activity: landing, take-off

e Different airplane type
e Time period: day, night
e Activity: landing, take-off

The differentiation proposed in the IMPACT Handbook and in the GRACE tool is similar.
The GRACE tool differentiates the results by urban and non urban (motorways) areas,
while the IMPACT Handbook provides differentiation by urban, suburban and rural areas.
However, the approximation to the IMPACT Handbook suburban and rural areas can be
obtained through the sensitivity option of the GRACE tool, by changing the population
exposure value according to the IMPACT thresholds for suburban and rural areas.

Accidents
GRACE tool IMPACT Handbook
Differentiation e Road: e Road:
e Vehicle type: car, HGV e Vehicle type: car,
e Network type: urban, motorcycle, HGV
motorways, non urban e Network type: urban,
e Country motorways, other road
e Country
e Rail:

e Buropean average value

No particular difference has been identified. The GRACE tool do not include rail, air and
waterborne marginal external costs of accidents (considered negligible).

Preliminary conclusions

The following table summarises the findings about methods, input data and level of
differentiation as identified after a first comparison between the IMPACT Handbook and
the GRACE tool.

The preliminary conclusions by cost categories have been summarized in terms of an
evaluation of the current degree of harmonization between the IMPACT recommended
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values and the GRACE tool estimates of the transport external costs (the second column
of the table). The third column of the table shows the corresponding actions affecting the
GRACE tool, to be carried out in order to improve the degree of harmonization. The
actions will be undertaken before the technical Workshop on May 22.

External cost  Degree of harmonization Actions affecting the GRACE tool
categories

Congestion High No actions required

Air pollution Medium e To separate air pollution costs in

direct and indirect (up & downs
stream) costs

e To include the air pollution costs in
metropolitan areas

e To include the non exhaust emission
factors

e To harmonize the emission factors
with the IMPACT values

e To harmonize the damage factors
(monetary evaluation) with the

IMPACT wvalues
Climate change High No actions required
Noise Medium e To specify the methodological

assumptions behind the population
exposure index and the NLI (noise
level increment due to one passenger
car)

Accident Medium e To differentiate the accident elasticity
risk by type of road

Concerning the other external costs categories, it is worthwhile to stress that the GRACE
tool will try to address the issue of the order of magnitude of the external costs (road) in
sensitive areas, using the findings of the GRACE case study.

4 Outcome of the Workshop (May 2008)

In preparation of the May 22nd workshop with the EC in Brussels, four road corridors
were set up:

1. Paris —~Warsaw, crossing five countries (including three suburban areas) for a total
of 2163 km

2. Sevilla-Brussels, crossing three countries (including two suburban areas) for a total
of 2124 km

3. Brindisi-Colonia, crossing three countries (including three suburban areas) for a
total of 1836 km

4. Hamburg-Gothenburg, crossing three countries (including two suburban areas) for
a total of 612 km
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It is assumed that none of the corridors imply that vehicles enter into the city centres, while
all of them pass in the vicinity of cities (suburban). Therefore, although the GRACE tool
does allow to differentiate between rural, suburban and urban, only the rural and suburban
classes have been used.

The calculations address congestion, noise and air pollution external costs by corridor
segments (type of road: motorway). The results have been differentiated by non urban
areas and suburban areas (when the motorway crosses an area surrounding the urban area).
These areas have been identified by visual inspection through the Google Map tool. Traffic
flows in PCU/h, that are required to calculate congestion costs, have been estimated
through the information drawn from the TEN-STAC project.

Population exposure for noise assessment is based on the default values provided by the
UIC/INFRAS study: 50 persons/km in rural areas and 250 persons/km for suburban
areas.

Concerning freight transport the calculation of congestion, noise and air pollution external
costs have been related to HGV: < 18 tonne and > 18 tonne

Sensitivity analysis has been carried out for road transport (car/HGV), showing the results
of the sensitivity analysis carried out according the following assumptions:

e Congestion: an increase of traffic flows by 10%, 20% and 30%

¢ Noise: an increase of the exposed population by 20% and 80%
Furthermore, the sensitivity analysis has shown the results according the following
assumptions:
Ratio between Night/Day noise costs of 1.5
Ratio between HGV/Car noise costs of 4
Finally, we have compared the corridor results with the recommended IMPACT values. In
general, it can be said that for noise and congestion the GRACE estimations fall under the
IMPACT recommended ranges; while for air pollution the GRACE estimations are on
average lower. However, it should be considered that the adjustments to the GRACE tool
in order to ensure full harmonization with the IMPACT recommended values have still to
be completed (specifically for air pollution).

The following tables show the results as far as the comparison with the Handbook is
concerned.

40



Brindisi-Koln

Comparison
CAREuUro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
Conaestion: Motorway/ Quburban 0,250 0,100 0,400 0,000 0,000 0,000
9 ' Motorway/ Rural 0,144 0,004 0,100 0,000 0,200 0,000 0,000 0,000
Noise: uburban/ Rural 0,001 0,004 0,001 0,000 0,001 0,002 0,001 0,002
Air Pollution& Up and Motorwa Petrol 0,003 0,003 0,007 0,007 0,013 0,007 0,007 0,013
Downstream: Y Diesel 0,007 0,007 0,013 0,013 0,029 0,013 0,013 0,029
* Congestion cost night = off peak
HGV BEuro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
Gongestion: Motorway/ Suburban 0,880 0,350 1,400 0,000 0,000 0,000
' Motorway/ Rural 0,688 0,017 0,350 0,000 0,700 0,000 0,000 0,000
HGV<18t 0,005 0,022
Noise: Quburban/Rural HGV>18t 0,006 0,029 0,011 0,004 0,011 0,020 0,007 0,020
Air Pollution& Up and Motorway HGV<18t 0,029 0,029 0,086 0,086 0,086 0,086 0,086 0,086
Downstream: HGV>18t 0,038 0,038 0,120 0,120 0,120 0,120 0,120 0,120

* Congestion cost night = off peak




Hamburg-Gothenburg

Comparison
CAREUro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
Qngestion: Mot orway/ Suburban 0,250 0,100 0,400 0,000 0,000 0,000
Mot orway/ Rural 0,147 0,004 0,100 0,000 0,200 0,000 0,000 0,000
Noise: Suburban/ Rural 0,001 0,005 0,001 0,000 0,001 0,002 0,001 0,002
Air Pollution& Up and Motorway P(.etrol 0,002 0,002 0,007 0,007 0,013 0,007 0,007 0,013
Downstream: Diesel 0,005 0,005 0,013 0,013 0,029 0,013 0,013 0,029
* Congestion cost night = off peak
HGV BEuro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
ongestion: Mot orway/ Suburban 0,880 0,350 1,400 0,000 0,000 0,000
Mot orway/ Rural 0,716 0,018 0,350 0,000 0,700 0,000 0,000 0,000
HGV<18t 0,005 0,024
Noise: Suburban/ Rural HGV>18t 0,007 0,032 0,011 0,004 0,011 0,020 0,007 0,020
Air Pollution& Up and Motorway HGV<18t 0,016 0,016 0,086 0,086 0,086 0,086 0,086 0,086
Downstream: HGV>18t 0,019 0,019 0,120 0,120 0,120 0,120 0,120 0,120

* Congestion cost night = off peak
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Paris-Warsaw

GComparison
CAREUro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
ongestion: Motorway/ Quburban 0,250 0,100 0,400 0,000 0,000 0,000
Motorway/ Rural 0,121 0,003 0,100 0,000 0,200 0,000 0,000 0,000
Noise: Quburban/ Rural 0,001 0,003 0,001 0,000 0,001 0,002 0,001 0,002
Air Pollution& Up and Motorway Pgtrol 0,003 0,003 0,007 0,007 0,013 0,007 0,007 0,013
Downstream: Diesel 0,007 0,007 0,013 0,013 0,029 0,013 0,013 0,029
* Congestion cost night = off peak
HGV Euro2 Handbook's reccomended values
Grace Qorridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
Congestion: Motorway/ Quburban 0,880 0,350 1,400 0,000 0,000 0,000
Motorway/ Rural 0,571 0,014 0,350 0,000 0,700 0,000 0,000 0,000
HGV<18t 0,003 0,014
Noise: SQuburban/ Rural HGV>18t 0,004 0,019 0,011 0,004 0,011 0,020 0,007 0,020
Air Pollution& Up and Motorway HGV<18t 0,031 0,031 0,086 0,086 0,086 0,086 0,086 0,086
Downstream: HGV>18t 0,034 0,034 0,120 0,120 0,120 0,120 0,120 0,120

* Qongestion cost night = off peak
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Sevilla-Brussels

Comparison
CAREUro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
ongestion: Motorway/ Quburban 0,250 0,100 0,400 0,000 0,000 0,000
Motorway/ Rural 0,136 0,003 0,100 0,000 0,200 0,000 0,000 0,000
Noise: SQuburban/ Rural 0,001 0,003 0,001 0,000 0,001 0,002 0,001 0,002
Air Pollution& Up and Motorway Pgtrol 0,003 0,003 0,007 0,007 0,013 0,007 0,007 0,013
Downstream: Diesel 0,007 0,007 0,013 0,013 0,029 0,013 0,013 0,029
* Congestion cost night = off peak
HGV Euro2 Handbook's reccomended values
Grace Corridor (Basecase) Day/ Peak Night
Day/ Peak Night* Reccommended Min Max Reccommended Min Max
ongestion: Motorway/ Quburban 0,880 0,350 1,400 0,000 0,000 0,000
Motorway/ Rural 0,622 0,016 0,350 0,000 0,700 0,000 0,000 0,000
HGV<18t 0,003 0,016
Noise: SQuburban/ Rural HGV>18t 0,004 0,021 0,011 0,004 0,011 0,020 0,007 0,020
Air Pollution& Up and Motorway HGV<18t 0,030 0,03 0,086 0,086 0,086 0,086 0,086 0,086
Downstream: HGV>18t 0,034 0,034 0,120 0,120 0,120 0,120 0,120 0,120

* Congestion cost night = off peak
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Conclusions after the May 22 Workshop and further
adjustments (June 2008)

The following conclusions by external costs categories were drawn:

e Air pollution: The valuation of emissions in the tool is fully consistent with
the handbook since they use the same sources. However, the GRACE tool uses
a different set of emission factors as the one used for calculating the output
values in the IMPACT handbook. The GRACE tool does not include non-
exhaust PM emissions. The GRACE tool presents upstream and direct
emissions together in one figure, while the IMPACT handbook presents them
separately, except for electricity production, which are included in the rail air
pollution figures. Within the GRACE tool it also possible to view the
contribution of the two separately.

e Global warming: The valuation of climate change emissions in the tool and
the handbook is basically the same. The GRACE tool uses an estimate of CO2
emissions of 25 Euro per tonne CO2, which is the value recommended in the
IMPACT handbook for 2010. The GRACE tool uses 22 Euro per tonne

e Congestion: The theoretical basis (methodology and Value of Time values) for
estimating congestion cost is fully consistent. It should be considered that the
Handbook values refer to optimal congestion cost, including the impact of a
charge at optimal level, while the GRACE tool calculates the congestion cost
at the current traffic level.

e Accident: The valuation factors is different, since the GRACE tool calculates
the marginal accident costs on a respective corridor bottom-up based on the
available data on accident casualties (fatalities and injuries, while the
Handbook provides data per member state for a limited set of different vehicle
types and road types.

e Noise: The IMPACT Handbook proposes a set of values for defined regional
differentiations (rural, suburban, urban), GRACE calculates them bottom up
with vehicle specific noise increments and considering background noise.
Order of magnitude depends heavily on the population exposure input data
(included as an external value in the tool).
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As a consequence of the conclusions arising from the Workshop of May 22", the
following adjustments to the GRACE tool data sets were implemented to ensure
maximum harmonisation with those of the IMPACT Handbook. They are shown below
through the comparison between before (the Before column) and after (the After
column) the adjustments.

1) Damage factors of air pollution PM 2.5 exhaust

Germany €/t of Before After
pollutant

Urban 434,000 384,500
Suburban 124,000
Rural 80,000 75,000

Before the adjustment the GRACE tool did not include the differentiation in suburban
areas. After the adjustment, the damage factors of the GRACE tool have been
desaggregated in urban (big city), suburban (small city) and rural areas, according to the

Handbook classification.

2) The Damage factors of air pollution of NOx, NMVOC, SO2 in the GRACE tool have
been updated with the CAFE CBA values, considered in the Handbook

Germany €/t ofl Before After
pollutant

Nox 3,100 9,600
NMVOC 1,100 1,700
SO2 4,500 11,000

3) Harmonization of the electricity consumption factors (rail sector)
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kWh/train.km Before After
Freight train 20.92 23.09
Intercity 16.6 8.00

High Speed 21.92 15.00

4) Harmonization of the damage factors electricity consumption factors (rail sector) by

country

€/kWh Before After
Austria 0.0032 0.0026
France 0.0032 0.0016
Germany 0.0032 0.0061

....... 0.0032

5) Global warming. Harmonization of the damage factor per ton of CO2 emitted

€/tonne  of] Before After
CO2

22 25

6) Noise. Harmonization of the exposed population (standard values) by geographical

context

Persons/km Before After
Urban 600 2000
Suburban 250
Rural 160 50

47



ANNEX II: The GRACE webtool user manual

GRACE

Generalisation of Research on Accounts and Cost Estimation

User Manual

Beta version (October 2008)

Table of Contents

INTRODUCTION. ...ttt e e e e e e e e e e e e e e e 48
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SET UP NON URBAN ARE A . .. it et e e e e e e e e 54
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SET UP CORRIDOR RAIL ... e e 59
SET UP CORRIDOR INLAND WATERWAYS. ... e 60
SE T UP PO R T ittt e e e e e e e e e e e e 61
SET UP AIRP O R T L.ttt e s e e e e e e e et e e e e e e 62
CALCULATION . ottt e e e e et e e e e e et e e e e e 63
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Introduction

The GRACE tool is on the web. The address is www.isis-it.net/grace:

crosoft Internet Explorer

file Modfica Wisualzza Preferlti  Stumenti 7

Qe - © A B @ Lo orrem @3- 5 3 - [ R B
Inditizza €] hitp:fuwms  grace-su.orgfindesc hitml

© GRACE

GENERALISATION OF R

v‘ vai | Colegamenti 2

HOME

DELIVERABLES

 CONCE T o The marginal cost estimates — will suppart the work of the Commission, being used ta
infarm the structure and lewel of charges; in the longer term this will result in more fair

DISSEMINATION and efficient charging systems.
++ LINKS » The develapment of transport accounts — will make transparent the relationship
between costs, revenues and benefits, providing policymakers in transport and finance
ERLIETT departments at the national, regional and local levels with enhanced information on
=1 SEMINARS which to determine the future direction of transport sector charging;

Guidance an levels of complexity — will provide policy-makers with enhanced infarmation
on wheth er and where it is appropriate to reflect the complex nature of marginal cost
i CALCULATION estimates within the levels and structures of charging regimes;

The framewaork for generalization — will inform policymakers about the drivers of
transport costs and guidance on charge-setting where full estimation of costs is not
appropriate;

Guidance an impacts - will provide policy-makers enhanced infarmation and forecasts of
the socio-econamic impacts of intraducing mare fair and efficient charging for transport
infrastructure use.

RESERVED AREA

5/6 December Final Conference: download the Agenda and Presentations

&] Gperazione completata & Internet

Click on the function CALCULATION to start a working session:

rosoft Internet Explorer

Ele  Modfica Visuslizza Preferiti  Strumenti 7

Quiero - () - %] (2] @b Ocea Frreen @mamess € -1 @ - [ )R E

Indkizzo @ hitp:j fzionick/graceflogindbms. 2sp

3

Val | Collegamerti ™

McAfes virusScan -

GRACE Database

User Id Password

Developed by EEEEF Instiute of Studies for the Integration of Systems ww.sis-i com

€] operazione complatata % Intranst locale

Insert your User-id and Password then push the button LOGIN
There are two levels of password, one allows the user to set up the network, the second
one only allows access to the calculation function.
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http://www.isis-it.net/grace

3 DBMS Main - Microsoft Internet Explorer

Fle  Modfica Visuslizza Freferti  Strumenti 2

@ et - () |ﬂ |§] ;j /_7 Cerca sj\?Preferiti @ vutined £2) (- ; = - Eﬁ% i 3

Tndiizzo €] hetps/zionickjgraceidbmsfain.asp v Bva  coleanci ” [Mcafee vinsscan -

GRACE Main Menu

Set Tp Urban Area

Set Up Non Urban Area
Set Up Corridor

Set Tp Port/Anrport
Calculation

LOG ouUT
Change Password
&) Operazione complstata & Intranet locals

The tool allows the user to set up the following types of networks:

Utrban Area

Non Urban Area

Corridor Road

Corridor Rail

Corridor Inland Water Ways
Sea Port

Airport

The GRACE database is organised in three parts, two parts are global and national data
and the user cannot modify these information (although she can test possible alternative
values within the “sensitivity analysis” function — see the relevant section of this manual) ,
the third part corresponds to network specific data and these must be provided
interactively by the user..

To set up a network just click on the related link:
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Set Up Urban Area

3 DBMS Main - Microsoft Internet Explorer

File Modfica Visualizza —Preferiti  Strumenti 2

elnd\alrn - \ﬂ @ h ;\J Cerca \;';(Prefenm @ rukimedia £4) E\" :_\; W] ~ J E-a ﬁ 3

inciizzo [{€) hetps fzionickigracefdomefsetupurbanaread, asp v|Eva  colegorent ® [cafes viussean

GRACE Database Set Up Urban Area

Select Add New City or one existing City from the list below:

Add New City v

Bruxelles - Belgium

dfs - Belgium

Leeds - Belgium

stuttgart - Germary

Foma. - ltaky

leeds - United Kingdom

leeds1 - United Kingdam
London - United Ringdom

Londan Central Zone - United Kingdorm

@] Operazione completata S Intranet locale

From the list in the middle of the screen select Add New City to add a new urban area to
the database or an existing city to modify the data:

/2 Grace Database Sul Up Urban Area - Windews Inlerne! Explorer

G =)~ B WS gr ey orp el ebuourtan e o it 41 ad Lalhd
B Hodfcs osdos frefetl St 2
Google G v ceea o g @ B v ¥ Seorlteie Bd bloceti | T Controly v 3]ttt v | [ brinar ) gty
& seon B of
* & |eai-1a @ . X B - B # - o - R -
GRACE Database Set Up Urban Area
Complete requested informations, then push the button Confirm
Description
[
Country
Abania v
Population
> 500000 v
Fre G inkemet L
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Type the name of the city, select the country from the pop up list, select the city size and
press Continue.

% Grace Database Set Up Urban Area - Windows Internet Explorer

@ ¥ B e grace-e orgidbms setupurbanares. s ol |42 | x: Ll
De Modfos Yesioa  grefen  Sneged 1

Google G- v Cerca o @0 i B - € Segnabei~ B 10ibkocatl | UF Controlo + 2] Tradud - | |uh Bwiaas i impostazioni=
& et B &

| | wndows v Hetmal 8 rnce Dokabacs Sek Up L. % Fis B & [resges - s - "

GRACE Database Set Up Urban Area

Comgplete requested informations, then push the batton Confirm

Description:  [zereal 1
Comntry: Ialy -
mmh: Cthar Cities Duis
Lew
Nodse Buckgrousd Level: HE o
Fapeued Papalation (pervansiem): 3000
Peak Y Prak.
Average Speed (kb : 0 m
Faeality Car  Severe Injury Car  Slight Iajury Car Fataliy GV Severe lnjury GV Slight Injury HGY
Accidents Actual CamalelesYVear: 8 ; . .
45 EC] 464 7 £
Km Raads Cars KmVear GV KmYear
Flawy: s
o 168540136 42071546
Confirm Back

@ brinrt iar -

By default the average national data are proposed, the user can confirm or modify these
data:

e Description of the urban area

e Country

e Noise background level (High/Low)

e Exposed population (persons/km)

e Average speed at peak and off peak period

e Number of accidents by mode (fatality, severe injury, slight injury)
e Kilometres of roads (non mandatory)

e Traffic flows by period and mode (vehicles.km/year)

Push the button CONFIRM to update the database.

Through the button OTHER CITIES DATA it is possible to import data from another
city, or the average values between more cities:
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e Modfcs  feuskera  frefertl  Stnament

Quo - © - [5 [B € Lo Syoen @rosmese @ 3+ 5 - [JRE B

Iegeices | ] bt fzionkchigrace/bmsiothenabanaread.asn
GRACE

GRACE Databage View/Tmport Urban Data
Select city to mew the relatme data, select nvore cxtes (by boldng CTERL) to new the average values betwesn the selected caes,

| ERve  cobegerers ® [DMerfes vnssemn -

City:
Tienna - Albania

Ennielles - Balgum

Fige - Litersa

] Cparasions complutsis S irerarat e

Select a city then push the button CONTINUE (to select more cities hold down CTRL)

Grace Database Set Up 1 - Microsoft Internet Explorer

Fie  Modfics Visuslizza  Preferii  Strumenti 2

elndletm E O B @ (;j p[erta '\i\L{‘PrEFEnt\ @ mitimeda €7 8- ,:} a D i 3

Indirizzo @ hitpefzfoniclfgracejdbmsfother urbanarea. asp

a

v Edva Coleganent > [MeAFee Virusscan -
GRACE Database View/Import Urban Data
Complete requested informations, then push the button Continue
|quua Population personsfiany: 523
Peals Off Peak
fremee Spred G
Fatality Car Severe Injury Car  SlightInjury Car ~ Fataliy HGY  Severe Injury HGY _ Slight Injury HGV
Accidenis Actual Calualties:
cidenis | F [162 |[2249 s |[e7 |l375 \
Km Roads Cars Km/Year HGV Em/Year
[l 1670 3160000000 548705504
@] Operazione completata

& Intranet locale

Push the button CONTINUE to import these data:
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Set Up Non Urban Area

As in the previous section you can add a new area or modify an existing one

2\ DBMS Main - Microsoft Internet Explorer

File  podfica Visuslzza  Breferi  Stumenti 2

Quaero - () - [H] @] @0 LOeea Flrpeien @mimeds &) -0 @ - )R E B

ndiizzo @] http: ara o v EJva Colegarent ™ [Meafes viusscan

GRACE Databasge Set Up Non Urban Area

Select Add New Area or one existing Area from the list below:

Add Mew Area v

&] Operazione completata & Intranet locale

3 Grace Database Set Up Non Urban Area - Microsoft Internet Explorer

File Modfica Yisuaizza Preferti  Strumenti 2 ar
I A — Y I . N B ¢

Qo - ) - [x] [& ) cea g meterti @ motimeds €4 (- Lo @] - BRE 3

]ndlnzzu‘@hltp‘ﬂfzmrvitk,igra(efdhmsﬂsetupregmnal;v asp v\\m Collegamenti > [EIMcAfes VinusSean -

GRACE Database Set Up Non Urban Area
Complete requested informations, then push the button Confirm

Description

Comntry

&] Gperazione completata &3 Intranet lacale

Type the description of the area, select the country from the pop up list and press
Continue.
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2l Grace Database Set Up Urban Area - Microsoft Internet Explorer

File todfica Visusizza  Preferiti  Strumerti 7

Q) wdetro ~ () |ﬂ @ .ﬂ ) cerca ‘f\“(wefenti @ vutinedia )

"“_f M'J%‘Bﬂﬁ

Ingirizzcs | &] http:fzionickigrace fdbms/setupregionalarea.asp

Collegamenti >

EQmearee virusscan -

‘Area Lyata: g J 7]
Low
TNoise Background Level: O
Esposed Populati 160
Fatality Car Severe Injury Car  Slight Injury Car Fatality HGV  Severe Injury HGV  Slight Injury HGV
Accidenis Actual C:
e 1528 /5108 (8136 |[s2 [[716
Vehicles/h Peak Vehiclesh Off Peak Vehicles/h Night
W L ] L] L ]
Km Cars Km Year HGV km Year
o] 8557608661 2952284722
Vehicles/h Peak Vehiclesh Off Peak Vehicles/h Night
e P L ] L] L ]
Km Cars Km Year HGV km Year
o] 8557606661 2952284722
Vehicles'h Peak Vehiclesh Off Peak Vehicles/h Night
T & P Single:
Km Cars Km Year HGV km Year
o] 8557606661 2952284722 1
Vehicles'h Peak Vehiclesh Off Peak Vehicles/h Night
Road B:
Km Cars Km Year HGV km Year
o] 8557606661 2952284722
S
&] Operazione completata & Intranet locale

By default the average national data are proposed, the user can confirm or

data:

e Noise background level (High/Low)
e Exposed population (persons/km)

e Number of accidents by mode (fatality, severe injury, slight injury)

e Kilometres by type of road
e DPer car unit by type of road, period (vehicles/h)

modify these

e Traffic flows by type of road, mode (vehicles.km/year, tonnes.km/year)

e Kilometres by type of railway

Push the button CONFIRM to update the database.

Through the button OTHER REGIONAL AREA DATA is possible to import data from
another area, or the average values between more areas.
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Set Up Corridor Road

As in the previous section you can add a new corridor or modify an existing one

After selecting a corridor the first thing to do is to indicate the number of segments in
which the corridor is divided.

The criteria of segmentation should be at least the change of type of road and the change
of country, but is otherwise left to the user.

The type of road involves both the specification of network type and region. The
distinction concerns roads pass in rural areas (l.e. motorways, T&P dual, T&P single, B
roads and C roads) and roads pass in the vicinity of cities (i.e. suburban area).

= Grace Datahase Set Up Corridor - Windows Internet [xplorer

| &« PR ' sad v 4] % Bl
Be Modfes Voo Defel Snmgs 1

Googhe |G~ W carca i @ @ B v | fr serattere 0031 b | % oot + (31 et (g Irinae Q) woostazort
@ et M i

WG Ee = Windows Live Hotmal 800 Ditabnen St L .., X G- B - e - ) e -

GRACE Database Set Up Road Corridor
Complete requested infoemasioas, then push the buston Contime

Namber of Segments:

[Conm; [Back)

@ o o -

Select the number of segments (max 25) and push the button CONTINUE
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Set Uip Now Livban Area - Windows bnternel Explorer
[ T T e — T
Bl Medfcs  Yeudiess  frefert Strumgee T
Coogle G- o cwen o €0 @ B - O Seoralbeie B 000 bocest P Cortell = |21 Tl = (b nnae 0 1 tmpasanne
e [
w o [gme | * W = B - B - - (o Peoe + ) Srmens -

GRACE Database Set Up Corridor Road
c iafoematinns, thea puth the bation Confion
Comidor Description

Segment Description (1}

Abaria =

Motorway -

Segment Description (2)

Alana -
Read Type
Sutwrbian Road ¥

Type the description of the corridor and for each segment type the description and select
the country and the type of road.

2 Grace Database Set Up Corridor, - Microsoft Internet Explorer,

File  podfica Visuslzza  Breferi  Stumenti 2

Qraee - ) - [¥] @ @ D cera o preterti @ Mutineda €2 2 ,i}. - ) o

Indirizea @ hitp:fzionick/grace/dbmsfsetupcortidarroad. asp v‘ Vai  Collegamentt ® [MeAfee YiusScan  +
=)
GRACE Database Set Up Road Corridor
Complete requested informations, then push the button Confirm
Comidor Description:  [Milano Ginevra ]
Description: Milano Chiasso ] =
Country: Italy v
High Low
Noise Background Level:
higro O O
Road Type: atorway - urban |45
Fatality Car Severe Injury Car  Slight Injury Car Fatality HGY  Severe Injury HGY  Slight Injury HGY
Accidents Actual C;
e [1528 |[s108 /8136 |[52 |[336 |16 ]
Em Car Km/Year HGV Km/Year
Flows:
I 8557608651 2952284722
Exposed Papulation (Persons/Km ) Vehiclesfh Pealc Vehiclesth Off Peak Vehicles/h Night
[0 \ [0 \ [0 |
Description: Chiasso Ginevra ]
Country: Switzerland v ~

&] Operazione completata & Intranet locale

By default the average national data are proposed, the user can confirm or modify these
data:

e Description of the segment
e Country
e Noise background level (High/Low)
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e Exposed population (persons/km)

e Type of road

e Number of accidents by mode (fatality, severe injury, slight injury)

e Kilometres by type of road

e DPer car unit by type of road, petriod (vehicles/h)

e Traffic flows by type of road, mode (vehicles.km/year, tonnes.km/year)

Push the button CONFIRM to update the database.

Through the button OTHER CORRIDOR DATA is possible to view (not to import
directly) data of another corridor.
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Set Up Corridor Rail

Select New corridor or an existing one, select the number of segments:

A Grace Database Set Up Corridor - Microsoft Internet Explorer E\E\g\
Fle Modfica Visuslzes Preferti Strumenti I o
" - 1 A 7y < q > . 7 24
Quaero ~ () %] [&] (D Dcecs erfern @ rukmeds £2 & a3
Inditizzn |:éj httpejzionick arace fdbmsfsetupcorridorrail. asp v| vsl  colegsment ”  [EMcafee viusican -

~

GRACE Database Set Up Rail Corridor

Complete requested informations, then push the button Confirm

Corridor Deseription: [ |

Segment Data: Other Corridor Data I

Description: [ |

High Low
Noise Background Level:
hegror 0 0o
Population Km Intercity(Freight Km High Speed
b b

Segmnent Data: Other Corridor Data I

Description: [ |

if Low
Noise Background Level: méh O
Population Km IntercityFreight Km High Speed

&) Operazione completata & Intranet locale

For each segment the following data are requested:

e Description of the segment
e Country
e Noise background level (High/Low)

e Exposed population (the proposed default value is 160 persons km)
e Kilometres

Push the button CONFIRM to update the database.

Through the button OTHER CORRIDOR DATA is possible to view (not to import
directly) data of another corridor.

59



Set Up Corridor Inland Waterways

Select New corridor or an existing one, select the number of segments. In this case the first
criterion to define segments is the existence of a lock, and in each segment only one lock is
allowed:

3 Grace Database Set Up Corridor, - Microsoft Internet Explorer g@|§‘
Fle Modfica YVisualizza Preferiti  Strumerti 7 "
o Indetra - () \ﬂ Igl ;\, /- ) cerca "\7 Preferiti Qy‘ Multimeds {2} - & 'w_fa ﬁ i‘i
Indirizzo | ] http:/fzionickigracedbms/setupcorridorivms, asp - vai  Collegamenti ”  [EMcAfee Virusscan +
~
GRACE Database Set Up Inland Water Way Corridor
Complete requested informations, then push the butten Confirm
Corridor [ ]
Description:
Segment Data: Cther Carridor Oata
Description: [ |
Comntry: Albania v
Population Km Tonnes Km Intensity Capacity CEMT Class
160 0 0 0 0 CEMT class=Mone Length= Length * Width=
Nuniber of moves by vear Width (m.) Number sfharges pex miove Operating and Maintenance Costs (Efvear
0 0 0 0
Segment Data: Cther Carridor Oata
Description: [ |
Country: Albania v
Population Km Tonnes Km Intensity Capacity CEMT Class
160 0 0 0 0 CEMT class=MNone Length= Length * Width=
Nuniber of moves by vear Width (m.) Number sfharges pex miove Operating and Maintenance Costs (Efvear
0 0 0 0
~
< ?
&] Operszions completata % Intranet locals

For each segment the following data are requested:

e Description of the segment

e Country

e Exposed population (the proposed default value is 160 persons km)
e Kilometres

e Traffic flows (tonnes.km)

e Traffic Intensity

e (apacity

e (lass of lock

e Number of moves of the lock by year
e Width of the lock

e Number of barges per lock move

e Operating and maintenance costs

Push the button CONFIRM to update the database.

Through the button OTHER CORRIDOR DATA it is possible to view (not to import
directly) data of another corridor.
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Set Up Port

Select New port or an existing one.

2 Grace Database Set Up Port - Microsoft Internet Explorer,

Fie Modfica Visualizza  Preferii  Strumerti 2

Quiero - () %] [F] (D Do omeem @ vutness £ - L U@ s

inclizzo [ ] hetp:fscrickigrace/dbmsfactupt part.asp v|Bvs  colegament

> [JMchfes virusscan -

GRACE Database Set Up Port

Complete requested mformations, then push the button Continue

Port Data: Cther Port Data I

Deseription: [ ]

Km Access/Fgress Number of Locks Used Operating and Maintenance Cosis (Efyear) Number of Locks in ihe Port

0 | [o | L | b

@] Operszione completata S Intranet locale

Insert the following data:
e Description of the port
e Sclect the country
e Km access/egress
e Type the number of locks used
e Total number of locks
e Operating and maintenance costs

Push the button CONTINUE

3 Grace Database Sut Up Port - Microseft Internet Explorer : E
e Medfcs yeuska pefer gneent ¢ -'\"

e L] N A P P om ™ &
Qrawe - Q¥ [ @) Pova dlovwen @memens @ 2- 2 @ [JRE B
<20 | i8] W iorud orscxidomaisetugpon. ssp v Edvn  comgue * [QcAieewnsscan -
GRACE Database Set Up Port
Complets requestad informations, then push the button Canfirm
Part: [ ]
Locks Diata: Gt Port Datn
Number af meves by year Width () Pumber af vessels pes mave
0 0 0
Number af moves by year Width () Mumber afvessels per mave
0 0 0
Mumber of meves by year Whdth (m) Tumber af vessels per mave
0 0 0
Mumber of meves by year Wi (m) umber af vesrels por mave
0 0 0
Mumbet af meves hy year Width (m.) Tumber af vessels per mave
[ [ 0
Conlm_| [ Back
-

2] Cosrazons completata W Intranet locale
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For each lock insert the following data:

e Number of moves of the lock per year
e Width of the lock
e Number of vessels per lock move

Through the button OTHER PORT DATA it is possible to view (not to import directly)
data of another port.

Set Up Airport

Select New Airport or an existing one.

) Grace Database Set Up Airport - Microsoft Internet Explorer, Q@E‘
Fle Modfica Yisuslizza  Preferti  Strumenti 7 o
Indietro ~ x| [@) @) Dcerca hepresen Mukimedia ) -l ] - = 3
= 4 E P & = 2
Indrizza |&] http:jizionickigrace/dbms{setupairpart.asp v BYva  collegamenc ” [EJMcafee Viusscan +
~
GRACE Database Set Up Airport
Complete requested informations, then push the button Confirm
Description: [ ]
Comtry: Albania i
Aitport Data: Cther Airpart Data I
High Low
Noise Bar] und Level:
hegro: O O
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
(A08G2: 0.44223 310385 0.89352 6.59606
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
A1 0.12651 0.877 0.15856 1.18866
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
4320 0.19785 1.40769 0.28472 212616
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
A340;
0.78259 2.68851 061111 456713
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
ATRT2:
054 3.85316 0.05053 0.37963
Exposure Index Take Off Day Exposure Index Take Off Night Exposure Index Landing Day Exposure Index Landing Night
BT37800:
0.50205 4.09205 0.35532 264583
v
€] Operazione completata % Intranet lacale

A default set of data for 12 type of aircrafts is porposed, you can confirm or modify these
data.

e Description of the airport

e Country

e Noise background level (high/low)

e Exposure index by take off/landing and day/night (for each aircraft type)
e (Capacity

e Infrastructure reference costs
Complete the requested information and push CONFIRM to update the database.

Through the button OTHER AIRPORT DATA it is possible to view (not to import
directly) data of another airport.
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Calculation

Microsoft Internet Explore

Fle Modfica Visualizza Preferit  Stumenti 2 7
alnd\atm - Q \ﬂ @ ) cerea < preferi @ viiveds ) (- iz @ - _‘ E_;a ﬁ 3
lnglrlzzw‘g]hltp:/fzmm(kigratefdhmsfta\[ﬂ‘asp V‘Vel Collgamenti > [EMenfes virusscan +

GRACE Calculation Options

Urban Avea: Non Urban Area: Pot: Anport:
Bruxelles - Belgium V‘ ‘ana Prowince - ftaly V‘ ‘C\vﬂavac:h\afllﬁ\y v Fiurnicino - taly

Corridor Road: Corridor Rail: Corridor IWW:

&] Operazione completata &2 Intranet locale

From the lists in the central part of the screen select a network section [urban area, or non
urban area, or corridor (road, rail, iww), or port, or airport] then push the button
CONTINUE below the chosen network to start the calculation section.

Grace Database Urban Area Results - Microsoft Internet Explorer,

Ele odfica Vsualzea Preferti Strumenti % 7
Indrizzo @http:ﬂ/z\0r\\ckigrace/dbmsﬂcalcurbanarea.asp v Bvai  colegamen 7 [ieafes Visscan -
~

GRACE Database Urban Area Results

City: Bruxelles
Country: Belginm

Private Car (€ vkm) Freight (€ vm)

— Peak Off Peak Night Pesk Off Peak Night
2,756 0,000 0,000 5511 0,000 0,000

Accidents: 0,011 0,024

Peak Off Peak Night Peak Off Peak Night
LGV LGV LGV HGY HGY HGY

0010 0,013 0033 0,049 0,065 0,159

i Off Peak Hight
e 0,005 0,007 0,012

Furo? Furod Fure5 Furo2 Fured Furo$

Air Pollution: Peil  Pemwl  Petol  Diesel  Diesel  Diesel

0005 0002 0002 0018 0007 0002

Euro2 LGV Eured LGV Euro5 LGV Eure2 HGY Euro4 HGV Euro5 HGV
0,032 0,008 0,003 0,068 0,026 0,022

Fure?  Fuw4  FureS  Fum?  Fured  Fure3
Glohal Warming: Petral  Peiol  Petrol  Diesel  Diesel  Diesel
0,004 0004 0004 0,003 0,003 0,003

Euro2 LGY Euro4 LGV Euro5 LGV Euro2 HGY Eurod HGY Euro5 HGY
0,006 0,005 0,005 0,016 0,016 0,017

LGV HGY

Wear & Tear: 0,011
0011 0,043

voll el el hel el
£

Fuo?  Fuw4  EureS  Furo2  Fured  Eums
Total Peak: Petol  Petol  Petol  Diesel  Diesel  Diesel
2,789 2,788 2,788 2,804 2,792 2,787

Euro? LGV Eured LGV Euro$ LGV Eure2 HGY Eurod HGV Euro5 HGY
5504 5594 5570 5,669 5,666 5,666

Furo2 Eurod Euro5 Euro2 Eurod Euro$
Total Off Peak: Peirol Peirel Peirol Diesel Diesel Diesel
0,025 0,023 0,023 0,040 0,027 0,023

Euro2 LGV Eured LGV Euro5 LGV Eure2 HGY Euro4 HGV Euro5 HGV
0,051 0,061 0,037 0,150 0,146 0,146

Fure?  Fuw4  FureS  Fum?  Fured  Fure3
Total Night: Petral  Peiol  Petrol  Diesel  Diesel  Diesel
0,03 0,035 0,035 0,051 0,039 0,034

Euro2 LGY Euro4 LGV Euro5 LGV Euro2 HGY Eurod HGY Euro5 HGY
0,082 0,082 0,058 0,253 0,250 0,250

[E3

&) Operazione complatata %.J Intranet lacale
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By clicking on the zoom icons in the left of the table it is possible to view the detail of the
calculation for each type of externality:

Grace Database Urban Area Accidents - Microsoft Internet Explorer E|@|E|
File  Modifica  Visualizza  Preferiti  Strumenti 7 :,’
Indirizzo @I] http: ffzionick/gracedbms zoom_accidenturban, asp V| vai | Collegamenti McAFae VirusScan -
GRACE Database Urban Area Accidents
City: Bruxelles
Country: Belgium
Marginal External Cost (€ vlan) = ((Numnber of Casualties / Flows) * Life value) * (1 - Theta) * Risk
elasticity
Fatalty Severe Injury Slight Injury
Life Value (€): 1.728.604,000 304.537,000 24.314,000
Theta: Car HGY
0,730 0,240
Risk elasticity: 0,750
Private Car HGY
Flows (vlam): 3.180.000.000,000 648.705.504,000
Nr. Fatalities: 37,000 6,000
Nr.. Sfmm 162,000 27,000
Injuries:
B T 2,249,000 375,000
Injuries:
@1 Operazione completata ‘-3 Intranet locale

By default, results are shown in € cent/vkm, but it is possible to change the unit in €

cent/pkm and € cent/tkm by pressing the button Output by € pkm -€ thm at the bottom of
the screen.

2 Grace Database Urban Area Results - Microsoft Internet Explorer,

fle Modfica Yisualizza Preferiti  Stumenti 2

Qe - () [ @] (D O o i protert @ ikinesis £ o= LB 3

indzzo |{€] it zionickigrace/domfcalcurbanarea.asp v B e collegamenn
7 2,756 0589 0,000 5511 1177 0,000 ~
,_) G e 0,040 0,068
. Peak  OffPeak  IMight Pesk  OfPeak  Night
,_) Noise: Fealk Off Peake Might LGV LGV LGV  HGY HGY HGY
o5 1,005 Lo 0,009 0011 03 004 0,058 0151
Fuw?  Ewod  Eus  FEuwo2  Fud  Euns
JORmlreT. e e o Dim? Eun2LGV Fumd LGV EurS LGV Euro2 HGY Bumd HGY Euws HGY
0004 0002 0002 0016 0,006 0,002 Lo G008 000G 0085 1026 tez1
Fue?  Ewed Ewod  Ewo?  Euod  Euns
,_) Glohal Warming: Peirol  Petrol  Petol  Diesel  Diesel  Diesel E‘“[T;“';Gv E'““":ul;cv E‘“::“Iﬁ‘cv E'““": :';Gv E"’“":l}smv E'““": ll'ﬁIGV
0004 0004 0004 0004 0,003 0,003 s 2 s 2 2 2
j..) Wear & Tear: (1] LGv HGY
0022 0,088
Fun?  Furd  Fuws  Fu2  Fumd  Fumos
S—— e e e e Dl DY Eun2LGV Fumd LGV Eurs LGV Euro2 HGY Fumd HGY Euws HGY
2830 262 2828 2840 2832 2,828 R Rl Rl
Fuw?  Ewod  Eus  FEuwo2  Fud  Euns
o etal OF Pedk: e e o Dim? Eun2LGV Fumd LGV EurS LGV Euro2 HGY Bumd HGY Euws HGY
0665 0663 0663 0T 0,666 0,662 LE4 L 14 L L
Fue?  Ewed Ewod  Ewo?  Euod  Euns
Total Night: Peiol  Petrol  Pemol  Diesel  Diesel  Diesel E‘“[Ti;;r’v E'““"‘:;;Gv E"’:f;fv Em:;;:(;v E'““":::Gv E'“ﬂ":'smv
0085 0084 003 0% 0,088 0,084 : J : v v v
Comparior ] (Sansiviy e ) [pack] &
Output by £ pkm -€ tkm
v
] Operazione completata S Intranet locale
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SENSITIVITY ANALYSIS can be initiated by pushing the corresponding button

an Area Sensitivity Analysys - Microsoft Internet Explorer

Fle Modfica Wisuslizea Preferiti  Strumenti 7
Indrizzo | &] http: zionickigrace fdbmsfsensitivityurbanarea. asp v| Edvai  colegament > [EMcafee ViusSean -
Life Value Fatality Life Value Severe Injury Life: Value Slight Injury Risk Elasticity -
pectlemt Data: [1728604 ] [304537 ] 24314 ] [075 |
Fatality Car Severe Injury Car Slight Injury Car Fatality HGV Severe Injury HGV  Slight Injury HGV
Accidents Actual Casuslties:
e seuaties £ | 162 | [eoa | [e | [z | [a7s |
Km Cars Km Vear HGY Km Year
Flows:
1870 3180000000 548705504
Foptian Densiyfersonslony  UeHiles Adfuent Coffident  Vebicles Adfustment Costlcient  Vebicles djustmens Coeficens
Noise Data: “
523 J I J 18 J 3108 J
Peak Off Peak Might
Noise Inc; it Level:
e Shetemen 0,00062 0.00095 0.00844
Peak Off Peak Night
Noise D: Facior:
e Samage Facor 001648 0.01428 0.0085
PM NOx NMVOC 502 co2
Pollution D: Factor:
HISL TR 0,445 | [ooos | 0,008 | [n0011 | |0,000022 |
PM NOx NMYOC 502 co?
Damage Factor Petrol 0000001 ] |n.0000032 | 00000052 | |n.0000015 | 000001232 ]
D: TFartor Diesel PM NOx NMVOC 502 co2
Production: 00000005 ] |n.0000028 | 00000048 | 00000008 | 00000088 |
Maintenance Cost Coefficient Car Coefficient LGV Coefficient HGV Leading Facter HGY
Wear & Tear
e e o7 | [o6ezss | 062285 | [25 | 661 |
-

4] operazione completata &2 Intranet lacale

From this screen it is possible to modify the data (for example the population density) of
the network and compare the results:

2l Grace Database Url

rosoft Internet Explorer

Fle Modfica Ususlizza Preferii Strumend T i
Ing\nzznlg ar o v EJval  Colegament ® [JMcAfes viusscan -
GRACE Database Urban Area Sensitivity Analysis

Bruxelles: Defanlt
Bruxelles: New scenario
Privaie Carx (€ vikam) Freight (€ vlam)
Peak Off Peak Night Peak Off Peak Might
Congestion: ight ight
2,756 2,756 0,000 0,000 0,000 0,000 5,511 5,511 0,000 0,000 0,000 0,000
Accidents: 0,011 0,011 0,024 0,024
Noi Peak Off Peak Night Peak LGV Off Peak LGV Night LGV Peak HGV Off Peak HGV Night HGV
oise:
0,005 0,007 0,007 0,010 0,019 0,025 0,010 0,013 0,013 0017 0,033 0,045 0,049 0,065 0,065 0,087 0,160 0,226
Az Pollutis Euro2 Petrol Eurod Peirol Eure5 Peirol Euro Diesel Eurod Diesel g‘::fl Euro2 LGV Euro4 LG¥ Euro5 LGV FEure2 HGV Eure4 HGY Eure5 HGV
ution:
0,005 0,003 0002 0,002 0,002 0,002 0,019 0,019 0,007 0007 og0zpgey 032 0032 0,008 0,008 0,003 0.003 0.068 0,063 0,026 0,026 0,022 0,022
Euro2 Petrol Eurod Peirol Eure5 Peirol Euro Diesel Eurod Diesel E\_lrnS Euro2 LGV Euro4 LG¥ Euro5 LGV FEure2 HGV Eure4 HGY Eure5 HGV
Global Warmiing: Diesel 0,006 0,006 0,005 0,005 0,005 0,005 0,016 0,016 0,016 0,016 0,017 0,017
0,004 0,004 0,004 0,004 0,004 0,004 0,003 0,003 0,003 0,003 0,0030,003 4 4 4 4 s s J 4 4 4 4
LGV HGV
Wear & Tear: 011 0011
0,011 0,011 0,011 0,043
Total Peak: Furo2 Petrol Furod Petrol FuroS Petrol Euro2 Diesel Furod Diesel Furo5 Diesel Furo2 LGV Fured LGV Furo5 LGV Fure2 HGY Fured HGY FureS HGV
w :
2,789 2,791 2,788 2,790 2,786 2.790 2,804 2806 2,792 2,794 2,787 2,789 5,594 5597 5,594 5597 5570 5573 5,669 5,686 5,666 5,682 5,666 5,682
Total Off Peak: Euro2 Peirol Eured4 Peirol Euro$ Peirol Euro2 Diesel Furod Diesel Euro5 Diesel Eurol LGY Eurod LGV Euro5 LGV Eure2 HGY Fured HGY Eure$ HGV
.. :
0,025 0,027 0,023 0026 0,023 0,026 0,040 0,042 0,027 0,030 0,023 0,025 0061 0,066 0,061 0,066 0,037 0,042 0,150 0.171 0,145 0,168 0,145 0,168
Total Might Euro2 Peirol Eured4 Peirol EuroS Peirol Euro2 Diesel Eurod Diesel Euro5 Diesel ~Euro2 LGY Eurod LGV Euro5 LGV Eure2 HGY Eured HGY Eure$ HGV
.. :
0,036 0,043 0,035 0,041 0,035 0,041 0,051 0,057 0,030 0,045 0,034 0,040 0,082 0,003 0,082 0,093 0,058 0,060 0,253 0,311 0,250 0,307 0,250 0,307
[ save Results Back to Corridor Results___| | Back to Calculation Options |

&] Operazione completata & Intranet locale

Only authorized user may save these results pushing the button SATE RESULTS:
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3 Grace Database Urban Area Results - Microsoft Internet Explorer [~ =]
Bl Modfce yeuskis Prefet  sumien 3
tredeizzo | ] b forichjgr scedons juaverbanarea. g v Eve  cotegurers ™ [QMedfon venScn «

GRACE Database Save Urban Area Results

Description: [Fopulation density = 700 parsons kin ]

4] Opsrasions completsts N iriraret iocsle

Type the description and push the button CONFIRM

‘A Grace Dalabase Lrban Area Resulls - Microsall Infernel Explorer

Bl Hodfcn  Wsuolera  Prefel  Stumentl o
20 | 48] Rty zsnnichygeace b calcurhanaes. a5 - Yo cobepanen T [Mcies VinsScan -
-~
Privain Car i vkm) Frwighi th vkm)
- . ) Prak Ol Feak Diight Peak Ol Peak Night
4 [Congution: 2756 00 [ a1 000 1.000
o Aeddents: wan 0024
) Pesk  OffPeak  Night  Peak  OffPeak  Night
o e Feak 11 Feak Pight LGV LGV L6V GV =g TGV
Lo Lo i sam o (T ) 1,065 1,169
) Eue?  Eurd  FunS  Ba?  Fund  Euns o - - o - - .
PO T— B Dol Ry e el b h;l:;\r Eured LGV Euru§ LGV m::.I:G\thHG\-‘ h:::;bl‘
[T oz oz (T1H] ot iz L] L = Lo
Furs?  Fum4  Fum  Fum?  Fumd  Fumd
..t-) — ol Peel el Dl Diml Diew) B2 LGV Eund LGV EuroS I.G\'En::::G\PIu::::G“ Eml.’;!l;w
LR T ¥ LI T T B 1} L e L -
b LGY HGY
/.) Wear & Tear: el e o
Eue?  Euwd  EuwnS  Bwel  Eund  Eumd
[— el S R i i Pam2LGY Fumd LGY FumS LGV Fur2 HGY Fumd HGY Fures HGY
79 aTee aTe0 e amr T My MM B e B A
Eue?  Furd  Fum$  Bu?  Fund  Eumd - - e - - .
— e Bibed e Tami  Dhel  Diea h::‘l;cv h::;ﬁ\f Eurd LGY n..;:sl.icv hl:l:(z’\" h:emm.v
L - T - Y ¥ I 1 - B V) Lo :
Eue?  Furd  Fum$  Bu?  Fund  Eums - - o - - .
e B Dol R Tast Dhel Dl hﬁl:z'\' Eured LGV Euru§ LGV n.::al:c\rhmucv h:emm.v
[T s s (=1 [TE] 0134 L Lo & L]
| Compoari | [ itivity Analysis | | Dack
Output by € plam - € th
¥

] Operazions conpltsta S rkranet hocake

Push the button COMPARISON to compare these values with the saved values from the
sensitivity analysis or with the values of another network sections:
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osoft Internet Explorer:

Flle  Modfica  Visuslizza  Prefertl  Strumenti 2

Indiizz0 [{&] hetp:ffeiorick/grace/dbmsjcomp P v|EJva  coleozmens ” [Mcafee Vinsscan ~

GRACE Database

Comparison with other wban area Comparison with other result of the same urban arvea

Leads - Belgium v Fopulation density = 700 parsans km ¥

G

@] Operazione completata 3 Intranet locale

Select from one of the lists another network section or a previously saved simulation for
the same network section, then push the button CONTINUE below the list:

Grace Database Urban Area Comparison - Microsoft Internet Explorer

File  Modfica Visualizza  Preferti  Strumenti 2z

Tndirizzo @http‘/ﬂzinn\[k,h;ra[Efdhmsﬂ[nmpareurhanareaz.asp Edva colegament » [EJMcAfes Wrusscan +

GRACE Database Urban Area Comparison

Bruxelles: Default
Bruxelles: Population density = 700 persons km

Private Car (€ vkm) Freight (€ vkm)
— Peak Off Peak Night Peak Off Peak Night
2,756 2,756 0,000 0,000 0,000 0,000 5511 5511 0,000 0,000 0,000 0,000
Accidenis: 0,011 011 0024 0,024
- Peak Off Peak Night Peak LGV Off Peak LGV Night LGV Peak HGV Off Peak HGV Night HGV
oise:
0,005 0,007 0,007 0010 0,019 0025 |0,0100,013 0,013 0017 0,033 0,045 0,049 0,065 0,065 0,087 0,169 0,226

Euro2 Petrol Eurod Petrol Eures Petrol Euro2 Diesel Eurod Diesel E‘.m's Euro2 LGV Euro4 LGV EuroS LGV Euro2 HGV Eurod HGY EureS HGV
Air Pollution: Diesel

W03 0003 0402 D02 0002 002 0819 0415 04N 0007 0003 pane | VI DUSZ LUB UODD 0003 003 00D 0AGH 0AZ5 026 D22 022
Furo? Petrol Eurod Petrol Eure$ Petrol Euro? Diesel Eurod Diesel Lo

Glohal Warning: Diesel
0004 0004 0,004 0,004 0004 0004 0,003 0,005 0,003 0,003 0,003 0,003

Euro2 LGY Euro4LGY Euro3LGY EuroZ HGV Eurod HGY Eure$ HGY
0,006 0,006 0,005 0,005 0,005 0,005 0,016 0,016 0,016 0,016 0,017 0,017

Wear & Tear: 0,011 0011 Lev HEY
0011 0011 0,043 0043
— Euro? Petrol Eurod Petrol Euro5 Peirol Euro? Diesel Eurod Diesel Euros Diesel | Euro2 LGV Fure4 LGV Euro5 LGV Eurw2 HGV Eurcd HGY Fure5 HGV
: 2,789 2,791 2,788 2,790 2,788 2,790 2804 2,806 2792 2794 2787 2789 | 5594 5597 5594 5507 5570 5573 5,669 5686 5666 5,602 5666 5,602
Total OF Peak: Euro2 Petrol Eurod Petrol Euros Petrol Euro? Diesel Eurod Diesel EuroS Diesel = Euro2 LGV Furod4 LGV Euro5 LGV Euro2 HGV Eurod HGV Fures HGV
0025 0027 0,023 0,026 0,023 0,026 0,040 0,042 0,027 0030 0,023 0,025 0,081 0,066 0,061 0,066 0,037 0,042 0,150 0,171 0,146 0,163 0,145 0,168
Total Night: Euro2 Petrol Eurod Petrol Euros Peirol Euro2 Diesel Eurod Diesel Euro5 Diesel = Euro2 LGV Euro4 LGV EuroS LGV Euro2 HGV Euwro4 HGY Eure$ HGV
: 0,036 0,043 0,035 0,041 0,035 0,041 0051 0057 0039 0,045 0,034 0,040 0,082 0,093 0,082 0,093 0,058 0,062 0,253 0,311 0,250 0307 0250 0,307
€] Operazions complatata & Intranet locale

The procedure is the same for all types of network sections.
From each output screen it is possible to export the data to MS Excel.
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CORRIDORS

The corridors are divided in segments, the totals for each segment show marginal costs by
cost category, while the total of the corridor show, for each cost category, the average
weighted by the segment length (km).

2 Grace Database Corridor Road Result: crosoft Internet Explorer

Fle Modfica Wisualizza  Preferiti  Strumenti 2

Indiize0 4] hitp:jzinnickjgrace/dbmsjealroad. asp v|Eva  colegament ? [Mcafes Virussean +
~
GRACE Database Corridor Road Results
Cornidor: Milano-Rotterdam
Segment: Milano-Cliasso
Country: Italy
Private Car (€ vim) Freight (€ vian)
Peak  Peak  OffPeak OffPeak  Night  Night .
- Congestion: Business Leioure Business  Leiswe Business Leisure :“l‘;l; Of;]‘;" l:’ng“];‘
0207 0085 0,003 0,001 0,001 0,001 g g g
l') Accidents: 0,015 0,115
§ Peak< OffPeak= Might= Peak> OffPeak= Night=
j.) Noise: Peak OffPeals Night 18T 18T 18T 18T 18T 18T
0,007 oL 0,035 0,035 0,057 0172 0046 0,076 0,230
Euro?  Fuw4  Eur5  Eun?  Eund  EunS Eun2< FEumd= FEuw$< Fur2> Eumd> FunoS>
j_) Air Pollution: Petrol  Petrol  Petrol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0,003 0,001 0,001 0,006 0,003 0,001 0,012 0,004 0,002 0,030 0,013 0,009
Furo?  Fured  Fure5  Furo?  Furod  FuroS Furo2< Furd< Fuo5< Fure2= Furod> FuroS=
‘;-) Glohal Warming: Peiol  Peinl  Pemol  Diesel  Diesel  Diesel 8T 18T 18T 18T 18T 18T
0,005 0,005 0,005 0,004 0,004 0,004 0,007 0,007 0,007 0,021 0,016 0,017
18T 18T
S Weard Tean 0,016 - :
0,066 0,132
Furo?  Fured  Fure5  Furo?  Furod  FuroS Furo2< Furd< Fuo5< Fure2= Furod> FuroS=
Total Peak: Peiol  Peinl  Pemol  Diesel  Diesel  Diesel 8T 18T 18T 18T 18T 18T
0,192 0,190 0,190 0,195 0,191 0,190 0,415 0,407 0,405 0,525 0,504 0,500
Euro?  Fuw4  Eur5  Eun?  Eund  EunS Eun2< FEumd= FEuw$< Fur2> Eumd> FunoS>
Total Off Peak: Petrol  Peirol  Perol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0,037 0,03 0,03 0,040 0,03 0,035 0,144 0,13 0,134 0,261 0,240 0,237
Euwro?  Fuw4  FurS  Eun?  Eund  EunS Euwnl< FEurmd< FEuwS5< Fur2> FEumd> FEuS> | v
&) Operazions completata & Tntranet [ocale

The detail of congestion costs is differentiated according to trip purpose: business, leisure.
Total costs, however, are not differentiated according to purpose, but are calculated (and
shown) as the average weighted by the percentage of people travelling by business and
leisure.

Grace Database Corridor Road Results icrosoft Internef

Fle Modfica Visualzza Preferti  Strumenti 2

and\etm - @ \ﬂ @ N /Ir“cEr(a ¢ Prefaiti @ Hukmedia €2 cdg @ - 'f,'a Qg3

Tndirizzn | €] hitp: ffzionick{gracefdbmsfcalzroad.2sp v [gdva | collegament >
0,213 0,069 0,003 0,001 0,001 0,001 bl R bl ~
J._) Accidenis: 0,008 0,056
- Peak = Off Peak=< Night< Peak> OffPeak> Night=
j.) MNoise: :“n‘;l; nnﬂm’k 1:’5: 18T 18T 18T 18T 18T 18T
d ; d 0,020 0,047 03 003 0,063 0,190
Furo?  Ewed  Euw§  Eu?  Furd  EureS | Fu2< Fud< Fuw< Fure> Furod> EunS-
j_) Air Pollution: Petwl  Petrol  Peirol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0005 0002 0002 0009 0004 0002 0053 0024 0015 0072 003 0021
Euro2 Eurod Euros Euro2 Furod Eure5 Fure? = Furod = Fure5 = Fure? = Furod = Furo5 =
j_) Glohal Warming: Petol  Petol  Petol  Diesel  Diesel  Diesel 18T 18T 18T 19T 18T 18T
0005 0005 0005 0005 0004 0004 0016 00IS 0015 0021 0020 0021
18T 18T
j.) Wear & Tear: 022 = =
0,088 0178

Euro2 Eurod Eurof Euro2 Eunod Euro5 Eurol = Furod=< Fure5=< Furo2> Furod> FEumf:>

Total Peak: Petrol  FPeirol  Perol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0202 0,199 0,198 0205 0,200 0175 1002 0,965 0,954 1130 1,081 1065
Euro?  Furod  Fuo3  Fure?  Furd  FureS Eure2< Fuwod< FurS< Fure?> Fured- EumoS=

Total Off Peak: Petol  Peirol  Perol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0,052 0,048 0,048 0,055 0,050 0,048 0,203 0247 0,236 0418 0,369 0,353
Euro?  Furod  EuwS  FEur?  Furd  EureS Euro2= Fuwod= FEuwS< Fur?> Furd> FEurS>

Total Night: Peiol  Peirol  Perol  Diesel  Diesel  Diesel 18T 18T 18T 18T 18T 18T
0071 0,067 0,067 0074 0,008 0,067 0374 0337 0,326 0540 0491 0475

Co i l[ S tivity Analysi

Output by £ pkm - £ thrn
] Operazions completata race_usermanusl.dac - Microsoft word],
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