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Abstract

In this study, a model is proposed to evaluh&elocal human health damage caused by
(changes in) road traffic on a particular road. These damages are due to global health
effects occurring due to the traffic life cgclas assessed in standard life cycle
assessments, and to exposure of locatlemts to noiseral outdoor pollutants

originating from road traffic on the road considered. The results of this model were
compared with the global human health dgehaccurring in the life cycle of both

traffic and dwellings.

The fate factor calculation for pollutangsbased on the Dutch CAR model, which
relates traffic densities to pollutant concatitins at the facade of dwellings, and on an
indoor airflow and exposure model. Theeetf and damage factors for pollutants are
derived from the Eco-Indicat 99 methodology. For noise, thalculation of the fate,
effect and damage factor is derivieoim a methodology developed by the Swiss
Agency for the Environment, Forests and Landscape SAEFL to integrate the human
health effects of noise due to raadffic in life cycle assessments.

It appears that for someol@ng in a dwelling along a steg local health damage due
to changes in road traffic situations mag/ of the same order of magnitude as the
human health damage associated witHitbecycle of dwellings as calculated by
standard LCA methodologies. Compared ® ltliman health damage occurring in the
life cycle of vehicles as caltated by standard LCA proderes, the local human health
damage may be two to threalers of magnitude larger. €hocal human health effects
due to (changes in) road traffic situatiaghas cannot be neglected when carrying out
life cycle assessments of dwellingscomplete residential areas.

For the road studied, the magnitude of theafbf a decrease in road traffic density on
the human health are smaller when the ihitiamber of cars per hour is smaller than 50
or when the distance of the fagade to the @asl is more than eight meter. This is
because for noise levels thare thresholds to impact.

In the future, the improvement of the modkk addition of the effects of other means
of transport and the assessment of neédhbourhoods might be carried out.
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Chapter 1: Introduction

Sustainable building is gettingcreasing attention. Especially view of energy saving,
sustainable material consumption and humeadth, measures are taken to decrease the
environmental impact of buildings.

One of the problems that occur in the psxcef designing a sustable dwelling is to
determine what measures have a lowerrenwental impact thaathers, especially

when conflicts occur, like when energy-sayimeasures cause higher material inputs.
One way to compare the environmental effects of measures, sets of measures or even
total buildings in a quantitative way is to Uge cycle assessment (LCA). In an LCA, a
product or service is assessed from theleréiie winning of raw materials) to the

grave (waste management). Several impaegoaites can be taken into account, like
human health damage, ecosystem damage as a result of aculifara¢iutrophication,

or resource depletiort.

There are several LCA methodologies for dwellings, of which Eco-Quantum is an
example’. Although the wide-rangingnvironmental effects are well described, local
effects like the human healdf local residents are notdluded. In most LCAs, local
effects are not described because ofgeeric character of the methodology. But for
dwellings, health effects associated witdoor exposure to don, particulate matter
(PM;g) and formaldehyde are in the same oafanagnitude as health effects due to
outdoor pollution associatedt the dwelling life cyclé. Thus for dwellings, it is
important to take the locakalth aspects into account.

In a study performed by Meijet al., the damage to human Higeof indoor pollutants
originating from building materials, lé&volatile organic compounds and radon, has
been determinetf In dwellings, there are also other sources of health damage, like
radon exhaled from the soil, traffic pollutaatsd traffic noise. In this study, the health
effects of noise and pollutan{substances) originating fromad traffic are regarded.

Traffic has negative environmental impadteerefore, measures are advocated ranging
from better public transposervices in the distri¢ob car-free neighbourhoods. The
effects of these measures, however, havdeen included in the LCA of dwellings yet.

The goal of this research is the integration of the environmental impacts of traffic in life
cycle assessment of dwellings. These ingpact global health effects occurring in the
traffic life cycle as calculated by standardA @rocedures, and the diig of life due to
exposure to noise and seakpollutants originating from traffic sources.

It is impossible to assess all effects oftadffic categories in this research. Therefore,
the following boundaries are applied to this research:

Only the environmental effects of motorizexhd vehicles are included in this
research. Effects of e.g. traiasd airplanes are not included.

Only the health effects of noise and polhitaare assessed inghesearch. Effects
of e.g. traffic accidents are not included.

Only certain human health effects are ass#sshis is explained in the description
of the methodology.



The assessed situations are simple. Acdatian of pollutants in a valley location,
effects of strong winds and other uncomnedfects are not taken into account in
this study. Also noise reflecin is not taken into account.

The wide-ranging effects occurring in theffic life cycle can be calculated using

standard life cycle assement methodologié3.Therefore, this methodology is not
dealt with in this research. The resufghis assessment can be found in several

LCA database$.

In Chapter 2, the methodology is described. First, the use of impact scores is outlined
and the human health effects are listed. Ttherdetermination of the emissions and the
calculation of the fate factor, effect factmmd damage factoregiven for noise and
pollutants.

The results of the research are given imhr 3. The relation between health impact
and distance to the road is determined, dkagahe effects of lower car use. The local
and global health effects of traffic are caangd, and the health effects of traffic are
compared with the other health effectearring in the life cycle of dwellings.

The methodology and the results are disaligs€hapter 4. The model restrictions,
uncertainties in the model and missing data are dealt with. ittadl conclusions are
drawn and recommendations for funthesearch are given in Chapter 5.



Chapter 2: Methodology

2.1  Calculation procedure

In the LCA methodology, characterisation fastare used to calculate the combined
environmental impact of products or seesmccurring in the life cycle of a product.
The impact score of a product or seryicean be calculated as follows:

ISp ZE Mx,p 'Qx
x 1)

wherel S, is the impact score for product or servicge.g. disability adjusted lost years
per kg product (DALY-kl) or per (additional) vehicle kilometre (DALY -kif)); My p

is the emission of substaneérom product or servicp (e.g. kg-kg, ", kge-km,* or
dB(A)-km,™1); andQ is the characterisation factor of substan¢e.g. DALY -kg™* or
DALY -dB(A)).

As the calculations regard damage to huimealth, the characterisation factors can be
calculated as follows:

Qx = I:x } Ex,k ’ Dx,k
« ()

whereF is the fate factor of substanké€-); Exx is the effect factor of substangéor
human health impact categdtye.g. cancer cases-kgbsorbed substanger cases of
sleep disturbance-dB(A); andDy is the damage factor of substamder human
health impact categoy(DALY -case’).

The calculation of the fate factors forlltants is derived from the CAR modeind

from an indoor airflow and exposure moddlhe CAR model (Calculation of Air
pollution from Road traffic) has been demeéd by TNO to calculate the air quality at
and along roads. The calculation of the effect and damage factors for pollutants is
described in the Eco-Indicator 99 methodolddior noise, the calculation of the fate
factor, effect factor and damage factodésived from a Swiss methodology to integrate
the human health effects of roadffic noise in life cycle assessmefits.

In section 2.2, the healtlfects of pollutants (substangesnd noise are listed. In

section 2.3, the calculation of the emissimndescribed. In sections 2.4, 2.5 and 2.6, the
calculation of respectively the fate factor #ffect factor and the damage factor for
both pollutants and noise is given.

2.2 Health effects

2.2.1 Health effects of pollutants

In the Eco-indicator 99 methodology, the heal#images of pollutants are divided in
several categories distinguished by cabise:



carcinogenic effects;
respiratory effects;
climate change;
ionizing radiation;
ozone layer depletion.

In this research, only the first two cases @garded becausetbk local nature of
them. Additionally, other non-carcinogeniifexts like teratogenic effects are taken
into account when data are available.

2.2.2 Health effects of noise

There are several heakgffects that have been assded with exposure to high noise
levels®

Interference with communication likenversation, listening to music and
interference with more intellectually demanding tasks;

Sleep disturbances;

Cardiovascular and physiological effects;

Hearing damage;

Psychological disturbances of various kinds;

Effects of nuisance like aggresamess, depression and irritability.

Only the first two effects are taken into account in this research, together with heart
attacks. The other effects are left outhad research, either because they have no
relevance to road-traffic noise (e.g. becathgenoise levels are too low to induce
hearing damage), or thereeano little data availabldue to unclear cause-effect
relationship$.

2.3 Emissions

2.3.1 Pollutants

In this research, impacts on residesitsng a road due to pollution generated by
vehicles on the road considered are calcdlatel differences therein associated with
differences in traffic.

The emission of pollutants by vehicles dege on several factors like the vehicle
category, vehicle speed, fuel, brand, apeed, road slope, wind speed and wind
direction. It is impossible to include alidtors in the model. Therefore, an average
emission per vehicle category and per spedgory is used. These averages are
different for different countries, becauseddferent occurrences of vehicle categories
and of different fuel preferences.

The vehicle categories considered are diesd in Table 1. The speed categories are
described in Table 2.



Table 1: Description of vehicle categories®

Vehicle category Description
Motorcycles Motorcycles on two wheels, possibly with sidecar
Light motor vehicles Motor vehicles dhree or more wheels and not in the

other vehicle categories

Medium-weighed motor vehicles All busses amdrticulated vehicles equipped with one
rear axle with four tires

Heavy motor vehicles Articulated meteehicles and motor vehicles with
double rear axles other than busses

Table 2: Description of speed categorie59
Speed category Average speed
(kmh™)
Highway 100
Countryside road 44
Continuous flowing town traffic 26
Normal town traffic 19
Obstructed town traffic 13

In Table 3, the emission factors of the difiet vehicle categorseper speed category
are given for the Dutch situation in 2002.

The total emission of vehicles on a certaiad@er meter for the duration of the traffic
situation can be calculated as follows:

M, =T -} MF, . -VD, (3)

whereM, is the emission of pollutamtby traffic (kg-m') for the duration of the traffic
situation;T is the duration of the traffic situation (MFx. is the emission factor for
pollutantx by vehicle category (kg-m"-vehiclé'); andVDy is the vehicle density of
vehicle category (vehicle-Ff).



Table 3: Emission factors (kg-m'l-vehicle'l)9

Vehicle category Speed category NOy PM;y CcO SO, Benzene Benzo[a]
pyrene

Light motor Highway 741 5.1.100 1.9-16¢ 9.0.100 7.8.10° 7.0-10°

vehicles

Light motor Countryside road 5510 6.0.1° 2.4.1¢ 1.0.10° 1.3.1¢¢ 1.3.10%

vehicles

Light motor Continuous flowing 7.2-10° 9.4.1¢ 4.5.1¢ 1.3.10° 26:1¢¢ 2.6-10"

vehicles town traffic

Light motor Normal town traffic  7.9-16 1.1.10' 5.4-10° 1.5.1¢¢ 3.1.1¢¢ 3.1-10°

vehicles

Light motor Obstructed town ~ 8.7:10' 1.3.10' 6.4.1° 1.7.10° 3.6:1¢¢ 3.6-10%

vehicles traffic

Medium-weighed Highway 6.516 2.6-10 1.4-1¢ 5.3.10¢ 1.1.1¢ 9.4.10°

motor vehicles

Medium-weighed Countryside road 59.f0 3.2.10 1.4-1¢ 5.1.100 1.6-16¢ 1.4.10"
motor vehicles

Medium-weighed Continuous flowing 6.8-10° 4.2-10' 2.0-1¢ 6.3.10° 2.7.1¢¢ 2.3.10"
motor vehicles town traffic

Medium-weighed Normal town traffic  7.2:1® 4.6-10' 2.2.1¢ 6.8.10° 3.1.1¢¢ 2.7-10"
motor vehicles

Medium-weighed Obstructed town  9.5:10° 6.0-10' 2.9-1¢ 8.2.1° 4.3.10° 3.8-10"
motor vehicles traffic

Heavy motor Highway 1.1.16 2.7.100 1.2.1¢¢ 7.0.10° 8.0.10° 6.9-10%
vehicles

Heavy motor Countryside road 1.1-f0 35.100 2.1.16¢ 8.2.1¢ 1.8.10° 1.6-10"
vehicles

Heavy motor Continuous flowing 1.3-1¢° 4.0-10' 2.7.10° 1.0-10' 2.7:1¢¢ 2.4.10"
vehicles town traffic

Heavy motor Normal town traffic  1.4:1® 4.2.10' 2.9.1¢¢ 1.1.10' 3.0-.1¢¢ 2.7-10"
vehicles

Heavy motor Obstructed town ~ 1.8-10¢° 5.3-10' 3.8:10° 1.3-10' 4.2:.1¢® 3.7-10"
vehicles traffic

2.3.2 Noise

Noise levels are on a logarithmic scale. Thesadével is calculated for a certain traffic
situation, taking into accountemumber of cars per hour and the average speed. This is
outlined in the description of the fatctor calculation. In this methodology, only the
noise of car engines and edl-to-pavement contact aeken into account. House
vibrations and rattles arefl@ut of the assessment.



2.4 Fate factors

2.4.1 Pollutants

The calculation of the fate factor for pollutants emitted by road vehicles exists of three
parts: the fate factor from the vehicle sgion to the outside facade of the dwelling, the
fate factor from outside to snde the dwelling and the fatactor from the entrance of

the pollutants to the adsorption by the inhafitis of the dwelling. The last two fate
factors are different for several compartmentthe dwelling (see Figure 1). This is
reflected in formula (4):

Fx = Fx,ef E I:><,fi,a ’ I:x,ii,a (4)

whereF is the fate factor for pollutamtemitted by road traffic (m) is the fate
factor for pollutan from emission source toetfacade of the dwelling (s Fyia is
the fate factor for pollutantfrom the facade of the dwelg to the indoor air of
compartmena (m*-s?); andFy . is the fate factor for pollutamtfrom the indoor air in
compartmena to the inhabitants of the dwelling (-). This pathway is given
schematically in Figure 1. It is assumed it affected dwellings are all the same.

(DEmissions

@ Transport to facade

(3 Entrance to residence

@ Indoor airflow and exposure “Cough*
(®Health effects and damage | @

. T o
> O X°

© 40
I %

Figure 1: Pollutant transport route

The fate factoFye for pollutantx from the vehicle emission to the fagade of the
dwelling is derivedrom the CAR model.With this semi-empirical model, it is possible
to calculate the concentration of severaffic pollutants at the fagade of dwellings
along a certain road frometemission factors (in g-khvehicle') of the traffic at that
road. The CAR model provides for severahys (including future estimates) emission
factors and meteorological data for pgesars, unfavourablgears (with low wind
speeds) and 10-year averaged valueseRt validation proved that the CAR model
complies with the demands madeibby Dutch air quality regulation.

The fate factoFy¢ can be calculated as follows:

F.¢« =6 -CF -CF (5)



where is the dilution factor (-)CF; is the tree factor (-); an@Fn, is the regional

meteorological conversion factor (§mnThe dilution factor can be calculated as
follows:

6=a-S*- b-S-c¢c (6)
wherea, b, andc are dilution parameters (respectiveli?,m™ and dimensionless); and
Sis the distance from the road atasthe facade of the dwelling (m).

The dilution parameters b andc are dependent of the road type. The road types are
given in Table 4.Road type 1 seldom occursririghbourhoods, and the calculation of
the dilution factor is different fathis road type. Therefore,isiroad type is left out of
the model.

The dilution parameters belonging to théfatient road types argiven in Table 8.

Table 4: Description of the road types9

Road type Characteristics

1 Open terrain, incideal building or trees
2 Otherroads
3a Buildings at both sides of the road; amste of road axis to fagade is smaller

than three times and larger than 1.5 times building height

3b Buildings at both sides of the road; drste of road axis to fagade is smaller
than 1.5 times building height

4 Buildings at one side of the road; diste of road axis to facade is smaller
than three times building height

Table 5: Dilution parameters per road typeg

Road type Parameter a Parameter b Parameter
(m?) (m™) -)

2 3.1.10 -1.82:10° 0.33

3a 3.25-17 -2.05.10° 0.39

3b 4.88-10 -3.08:10 0.59

4 5.00-1¢ -3.16:10 0.57

10



The tree facto€F; is given in Table 6.

Table 6: Description of the tree factors’

Tree factor Description

1 No or some trees

1.25 One or more rows of trees witistance smaller than 15 meter between
each tree and gaps between the tree crowns

15 The tree crowns touch eaatfer and span at ldame third of the road
width

The regional meteorologgl conversion factdEFr, is given in the CAR modélln this
study, the Dutch 10-year averaged datauaesl, which are weighed over the regions
where these data are appliedislyields a value of 1.22 sl

The fate factoFy; 5 for pollutantx from the facade of the dwelling to the indoor air in
compartmena can be calculated as:

Feia= foa'CF 2 (7)

x,fi,a
wherefo, is the air entrance rate fraifme outdoor air to compartmea{m®*-s*); and
CFxa is the fraction of pollutant present in the inflowhat enters compartmeat(-).

The air entrance rafg, is calculated in an indoorranodel for the Dutch standard
dwelling? The values are given in Table 7. listbtudy, it is assumed that the fraction
of the pollutants that enters the dwelling is 1.

The fate factoF;i , for pollutantx from the indoor air in compartmeato the
inhabitants of the dwelling care calculated as follows:

RN 8)

ea

wherelR is the inhalation rate of humans(g1'); fe. is the effective outgoing airflow
for an emission to compartmea{m®-y*); andN is the number of persons living in the
examined neighbourhood (-).

The effective outgoing airflowy;i 5 is the weighed sum of the airflows leaving all
compartments. It reflects the pollutant spart between the compartments and the time
fraction the residents spend in the compartseéfhe detailed calcuian is carried out
using an indoor air and exposure madEbr a situation with te residents living in a
Dutch standard dwelling, spending 50% of thiéetime in the firstfloor and 30% in the
second floor, the results are given in Table 7.

11



Table 7: Airflows from outdoor air to indoor air and indoor fate factors for the three
compartments in the Dutch standard dwelling®

Compartment Airflow from outdoor air to indoor air Indoor fate factor

(m™y™) ©)
Crawl space 1,3-%0 8.4-10°
First floor 2,8:10 1.7-10
Second floor 1,4-T0 2.1-10°

2.4.2 Noise

The calculation of the fate facttor noise exists of two partBirst, the noise levels at
the facade of the dwelling have to be caltedafor the compared situations. Then the
noise levels are compared with the threshgllaes for the noise levels under which a
change in noise level has no effect onlibenan health. These thresholds vary per
health effect.

The average noise level duringytieme at 1 meter from the road axis due to road traffic
can be calculated as folloWs:

LAeq — 10|og(100.l~(Ec+10|Og(Nc) + 100.1(Et+10|og(N1)) (9)

whereLAeq; is the average sound pressure level during daytime at 1 meter from the
road axis (dB(A))E: is a car-specific parameter (N; is the number of cars per hour
(h™); E; is a truck-specific parameter (-); aNgdis the number of trucks per houf'jh

The car- and truck-specific parammstean be calculated as follofys:

E, = Max|(L28+195°%%) ), (45+ 08 (05 - 2))] (10)

E, = Max[(34+ 133°%) ), 56+ 06- (05' — 15))] (11)

whereV, is the average car speed (ki):h is the road slope (%); and is the average
truck speed (kmH.

There are two restrictions regarding the okfrmulae (9), (10and (11): the road
surface must be asphalt and the number of vehicles per hour must be the same in both
directions®

In order to calculate the noise level durtaytime at the fagade, the following formula
can be used:

LAeq, = LAeg, - [3-(*log(9))) (12)

whereLAeg is the average sound pressure level during daytime at the facade of the
house (dB(A)).

12



It is assumed that the noise levels duminght-time are 9 dB(Alower than the noise
levels during daytimé.

The lower and upper threshold values of ntesels at the facade of the dwelling for

the considered health effects are given in Tafl€Banges in noise level that are

between these threshold values are chaiaetkéby a linear dose-response relationship.

It is uncertain whether the linear dose-respa$ationship for noise is also valid for

noise level values above the upper threshold value, but the traffic intensity must be very
high to generate nadevels that high.

The threshold values for noise levels & tacade of the dwelling are valid for average
conditions. When additional noise reducingasures are taken, ttiteesholds values

for noise levels will be lower. This can beflected in the model by subtracting a certain
value from the calculated noise lé&vat the facade of the dwelling.

Table 8: Lower and upper threshold values for noise levels at the facade of the dwelling
having health impacts®

Human health impact category  Lower threshold value Upper threshold value

(dB(A)) (dB(A))
Communication disturbances 55 70
Sleep disturbances 46 61
Heart attacks during daytime 65 76
Heart attacks during night-time 55 66

25 Effect factors

2.5.1 Pollutants

The methodology to calculate effect factfmspollutants in thendoor air regarding
carcinogenic and non-carcinogenic, non-respiy effects is taken from Meijet al >
The effect factors for respiratory effectsti@ffic pollutants are deulated according to
the Eco-Indicator 99 methodolody!. All effect factos are calculated in the hierarchist
perspective, as recommendedtie Eco-Indicator 99 methodology.

The effect factors for carcinogenic and resfury effects of pollutats are derived from
the respective unit risk factors, an estin@aténe probability that an individual will
develop a disease when exposed to a pollatbatcertain ambierbncentration for the
individual’s life. The effectactors for non-carcinogeninpn-respiratory effects of
pollutants are derived from no observed effecels (NOELS) or lowest observed effect
levels (LOELS).

The calculated effect factors are given ibl[Ee9. For respiratory effects, only effects
due to primary pollutants are taken into acdptire rate of formation of the secondary
pollutant ozone from NQand volatile organic carbons mixes is insignificant at short
distances. For reasons of clarity, only tieenbined effect and damage factors for
respiratory effects are given in Table 9.
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Table 9: Calculated effect and damage factors for traffic-related impact categories

Impact category Health effect Effect factor = Damage factor
(cases-kg'1 or (DALY-cases’l)
cases-dB(A)'l)

Benzo[a]pyrene Carcinogenic 260 16

Benzene Carcinogenic 0.018 17

Non-carcinogenic 3.7 0.067

cO Respiratory 2 0*P

NO, Respiratory a 0*P

PMo Respiratory 2 64%

SO, Respiratory 2 0.95

Noise Communication disturbances 0.05 15

Sleep disturbances 0.034 1.3
Heart attacks during daytime 6.2710 0.0054
Heart attacks during night-time 6.0°10 10

% For respiratory effects, only tleim of the effect and damage fastper disease are given. The details
of the calculations are given in the DALY methodoldgy
® Only characterized for egalitarian perspedfiveee also discussion

2.5.2 Noise

For the calculation of theffect factors for traffic noisedata from epidemiological
researches have been ué&d? The effect factors for communication disturbances,
sleep disturbances and heart attacks can be calculated by:

E.« =54 N (13)

whereE,  is the effect factor diuman health impact categdcylue to an increase in
noise level (cases-dB(A); and  is the dose-response sldpe human health impact
categoryk (cases-dB(AJ).

The calculated effect factors are given in Table 9.

2.6 Damage factors

In this research, human health damage®®&peessed in disability adjusted life years
(DALY).™ With the DALY methodology, it ipossible to express human health
damages in terms of equivalent life losses:

D, ZE (Wd YLDy, )+YLLk (14)

d
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whereDy is the damage factor of substader human health impact categdeyy,
equivalent to DALY)w. is the severity factor for diseadé-); YLDy is the number of
years living disabled due to diseabas a result of human health impact cateddry);
andYLLy is the number of years of life loss doepremature death as a result of human
health impact categoiky(y).

There are several advantagéshe use of DALYs as an endpoint for human health
damages.First, the DALYs of different humahealth impact categories can be added
e.g. one DALY due to irritation is consideras serious as one DALY due to cancer.
Second, DALYs include the number of individsiaffected, the duration of the disease
and the severity of the disease. Thitds a transparent methodology, and social
preferences can be adapted easily.

2.6.1 Pollutants

The determination of the damage factors for pollutants has been outlined by
Hofstetter'! The values for the damage factors are given in Table 9. All damage factors
are given for the hierarchist perspectias,recommended in the Eco-Indicator 99
methodology:

2.6.2 Noise

The damage factors for the health effecta@ée are calculatedrfthe several health
effects. In general, the damage fagsocalculated according to formula (15):

D, =W, -d, (15)

wherew is the disability weight ofiuman health impact categdeyDALY-y™), andd
is the average duration of fman health impact categoky(y-casé).

The disability weights for communication and sleep disturbances were determined by a
group of 64 members of the medical stafSafVA (the Swiss Accident Insurance
Institute). This group is considered well sdif because in their jobs they deal with
comparing health effectsThe averages of the disability weights that these

professionals determined are given in Tablé 10.

Table 10: Disability weights and duration of disease of noise-related health impacts®
Impact category Disability weight Average duration of Reference
) health impact (y)
Communication disturbances 0.033 46.7 s
Sleep disturbances 0.055 23.3 8
Heart attacks fatal 1 i{0) 14
Heart attacks non-fatal 0.044 0.122 814

& Assuming a duration of the situation of 70 years; daytime is 16 hours; nighttime is 8 hours
®years of life lost
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Because not all hearttatks are fatal, a distinctiohauld be made between fatal heart
attacks and non-fatal heéattacks. It is assumed tretonstant fraction of the heart
attacks is fatal. The disability weight and aimn of the diseasdwmve been determined

b)é WHO and are given in Table ¥ The calculated damage factors are given in Table
9.
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Chapter 3: Results

Calculations have been carried out for dual situation with one house at a certain
distance from a road with a certain traffic density. The following assumptions are used
unless stated otherwise:

No noise-decreasing meassrave been taken;

There is no background noise;

The pavement is default asphalt;

The road slope is 0 %;

There are no trees along thedpao the tree factor is zero;
The speed category is ‘Normal town traffic’;

The average car speed is equal to the reference speed for speed category ‘Normal
town traffic’, i.e. 19 km-H;’

The number of vehicles per hour at tbad is the same in both directions;

In average residential areas, trucks arecoatmon. The number of trucks is set to a
value of 1 /. This number does not change when the number of cars per hour
changes;

The human health damage due to traffisea@nd pollutants has been calculated for
one dwelling with two inhabitants. Thepend 50% of their lifetime in the first

floor and 30% in the second floor. This assumption has no impact on the relative
results;

The considered dwelling is the Dutch standard dweftig;

The duration of the sittian is for 70 years.

3.1 Distance to road axis

Because of the lower threshold values m tioise dose-response curve, at a certain

distance from the road axis the human health damage decreases sharply. This distance is
different for different reduabins in car density in the begiing and final situations. To

show the magnitude of this effect, the tatacrease of human health damages have

been calculated for severaktiinces and several reductiomsar density. The results

are depicted in Figure 2.
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Figure 2: Decrease of health damage (in DALY) due to traffic vs. distance of the facade of

the dwelling to the road axis for several reductions in car density

The graph in Figure 2 for the situation@vh the number of cars per hour decreases
from 100 K' to 10 K" is split up per human health impact category (communication
disturbances, sleep disturbaneesl respiratory effects of Ryl which are the dominant
health impact categories) in Figure 3.
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Figure 3: Health damages due to traffic for the situation where the number of cars per hour

decreases from 100 h™! to 10 h!

For communication and sleep disturbancesfitbeflat part of the graphs can be
explained by the facts that the difference irsedevels is constaand that both the old
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and the new noise level are between the taamel upper noise level impact thresholds
(see Table 8). The decrease in human helathage at somewhat longer distance from
the road axis reflects the fabiat the new noise level isier than the lower noise level
impact threshold for communication and sleégiurbances; the difference in impact
drops to zero as the noise level at 100 carakép approaches the lower threshold.

For human health damage due to respiratory effects gf, Pt graph shows a slight
decline. The steeper part of the graph caexpained by the fact that the distance to
the road becomes so large compared tinéight of the houses that the road type
changes from type 3b to type 3a and thetidn parameters in the model change. The
curves for human health damages due tather substances given in Table 9 show a
similar behaviour, but with lower values.

3.2  Traffic density

To see the influence of measures to pedcar use, the decrease of human health
damage due to traffic is compared for attans with several differences in traffic
density, given that the distance of the facaidéhe dwelling to the road axis is five
meters.

The results of the comparison are given in Table 11.

Table 11: Decrease in human health damage due to a decrease in traffic density, given that
the distance of the facade of the dwelling to the road axis is five meters (DALY)

Initial number of Final number of cars per hour
cars per hour 50 10 1

Total Per car Total Per car Total Per car
100 2,710 5.5.100 3.0-100 3.3.100 3.0.100 3.1.10°
50 - - 2.3:10° 57100 2810 5.7-10°
10 - - - - 52:10° 5.7:10'

The magnitude of the effect of a decremsear density on the human health damage
decreases when the initial car density decreds$es.is because the initial noise level is
higher above the lower impact threshold for neien the initial car density is higher.
When the initial noise level is below theMer threshold for noise, a decrease in car
density results only in a decszain human health damadee to pollutants, which is
linear proportional to the decrease in car density.

3.3 Impacts of changes in speed limits

Another measure to decrease the nuisanceafbictis the establishment of lower speed
limits. The noise levels and the car emissibesome lower as a result of this measure.

19



The average speed at a road is not equisiletapeed limit, becausiee road might not
give the driver the opportunity drive the maximum speed and there are cars stopping
or being parked. The assumed average speeds are given in Table 12.

Table 12: Speed limits and assumed average speeds

Speed limit Average speed

(km-h™) (km-h™)
50 40
40 36
30 27
20 18

The effects of lower speed limits on human tlredhmage, given that the distance of the
facade of the dwelling to the road algdive meters, are given in Table 13.

Table 13: Effect of decreased speed limits on human health, given that the distance of the
facade of the dwelling to the road axis is five meters (DALY)

Number of Speed limit change (km-h™)

cars per 50 — 40 50 — 30 5020 4030 40— 20

hour

100 2.2-10 2.9-10" 2.9-10" 7.1-10° 7.1-10°

50 2.1-10 2.2-10" 2.2-10" 1.1-10° 1.1-10°

10 0 0 0 0 0

The human health damage does not chémgsituations with 10 cars per hour. The
reason is that the values given in TabBeonly reflect the chrayes in human health
damage due to the lower noise level, Hrelaverage noise level is below the lower
threshold values for situations with 10 €@er hour. Changes in human health damage
due to pollutants are not reflected in ttadculations, because the CAR model uses
speed categories instead of average speedsda@alculation of éalth impacts due to
pollutants. The speed category remainsstiree, because in all cases there is no
flowing or stagnating traffic.

3.4  Comparison with global h ealth damages of traffic

To get an idea of the importance of the |duaian health damage due to road traffic,
this is compared to the human health dan@gpeirring in the life cycle of a car driving
a certain (average) distance.

In 1997, 93 billion vehicle kilometres weedriven by car in the Netherlantfdn the
same year, there were 0.96 movetsef vehicle drivers per da§ Assuming a
constant population of 16 million people iretNetherlands, it can be calculated that
each ride of a car is on average 17 kilometres long.
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The human health damage occurring inliteecycle of a car driving 1 kilometre is
3.1-10° DALY.® Multiplying this value with the avage ride length, the decrease in car
density and the duration of the situation gigethe decrease in human health damage
occurring in the life cyclef car traffic as calculated by standard LCA procedures.

In Table 14, the total human health damagetduecal exposure to traffic noise and
pollutants is given for severedductions in traffic densitiegjven that the distance of
the fagade of the dwelling to the road agifive meters. The human health damage
occurring in the life cycle of road traffas calculated by standard LCA procedures is
given in the same table for the number difieke kilometres that are not driven when
the traffic density is reduced.

Table 14: Total human health damage due to local health effects compared to total human
health damage occurring in the life cycle of road traffic and of the dwelling as
calculated by standard LCA procedures, given that the distance of the facade of
the dwelling to the road axis is five meters

Change in Human health damage (DALY)
g:f_i:ch(})e nsity Local Wid'e range Fra?tion.of Fl.‘acti‘on of )
vehicle life vehicle life  dwelling life cycle
cycle® cycle”

100-50 2716 2.6-10° 110000 % 107 %
100-10 -3.0.18  4.6.10° 64000 % 116 %
100-1 -3.0.18  5.1-10° 59000 % 118 %
50-10 2318 2.1-10 11000 % 9.0 %
50-1 2816 2510 11000 % 11 %

10-1 -5.2.16  4.6:10° 11000 % 2.0%

% Values calculated for the number of vehicle kilometres that are ivendwhen the traffic density is
reduced
® Absolute values of loc&)ALYs used in calculations

The human health damage due to local effettraffic is two to three orders of
magnitude higher than the human health dgar@ccurring in the life cycle of road
traffic as calculated by standard LCA procedures.

3.5 Comparison with dwelling life cycle

To get an idea of the importance of the |duaian health damage due to road traffic,
this is also compared to the human hedéimage occurring in the life cycle of the
dwelling itself. The considered dwviiel is the Dutch standard dwelliig"® Human
health damages due to indoor pollutantstieeh from building materials are not taken
into account.

The outdoor human health damage occurrinipénlife cycle of the standard dwelling
as calculated by standard LCA procedures is 0,26 DALY The proportion of the
human health damage due to local effedtsaffic and the human health damage
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occurring in the life cycle ahe dwelling as calculated Isyandard LCA procedures is
given in Table 14.

When the number of cars per houtlie initial situation is 100 carsththe human

health damage due to local effects of taéfnd the human health damage occurring in
the life cycle of the dwellings calculated by standard L@#ocedures are in the same
order of magnitude. When the number of gashour in the initibsituation is 50 or
lower, the human health damage due to leffaicts of traffic isone or two orders of
magnitude lower than the human health dgenaccurring in the life cycle of the
dwelling as calculated bstandard LCA procedures.
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Chapter 4: Discussion

4.1 Model restrictions

In this study, a model is proposed with whicls possible to calculate the human health
damage due to the local effedf traffic. However, therare some restrictions in the
application of this model.

First, only the effects of road traffic at@ken into account. The effects of other means
of transport like railroad traffic, shipsd airplanes are not assessed in this model.

Second, the model can only callate the decrease ofrhan health damage in a

comparison of situations, not on a per-caper-vehicle-kilometre base. This makes it

hard to compare the results of this model with the results of other life cycle assessments,
because the functional unit in the latie usually a number of cars or vehicle

kilometres. For the application of this model in the life cycle assessment of dwellings,
this is not an obstacle. But it might benaying for the users of the model that they

have to recalculate the fatectors for each traffic situation.

Third, the actual average veledpeed is not fully taken inazcount for the calculation
of human health damage due to pollutaimishe CAR model, affic situations are
divided in speed categories, classifieddad type (highway, countryside roads and
town traffic). The emission of pollutantstiserefore less exact. The decrease in
maximum speed in a neighbourhood has no effect on the calculated human health
damage due to traffic pollutants, thus giag an overestimation or underestimation of
the change in human health effects, according to the average speed of th¥ traffic.

Fourth, accumulation of pollutants in a vallegation, effects of strong winds and other
uncommon characteristics at a locatioa aot taken into account in this study.

Finally, this model calculaseonly the human health effects due to a change, e.g. a
decrease in car use. But when people daisettheir cars, they will use other means of
transport like bikes, busses and trains. The lbealth effects of Bes are nil, but the
human health effects of bus and train caenot be neglected, although they are lower
than the health effects of equivalent car uUisis. possible to caldate the local health
effects of bus use, but this is not donetfe calculations executed in this study. The
health effects of train use are not deathvin this research. This leads to an
overestimation of the human health effeat a decrease in road traffic use.

4.2 Uncertainties

The model proposed in this research is irearly stage of the gelopment. There is
little experience in the assessment of Idezdlth effects in life cycle assessment.
Furthermore, there are few field data éafale about the local human health damages
due to road traffic that are directly reldti traffic density. Therefore, there are many
uncertainties in the model parameters and thus in the results. With increasing
availability of field data, the model cére adjusted to these data and thus the
uncertainties will be reduced.

23



Based on expert judgement, azan predict that the dision of the average vehicle
speed in several speed categories for thaulzdion of the fate factor of pollutants
causes large uncertainties in the model results. Also, the use of averages for traffic
densities, noise levels and pollution emissisns source of uncertainties. Finally, in
the calculation of the effect and damagedestuncertainties are present, because in
epidemiological data the variance in data is large.

However, it cannot be said that despite theentainties in the model, the results of the
model will change so radically that for example the human health effects of a reduction
in car use will be negative.

4.3  Missing data

There are a few missing data in this reseaatthough the best available data have been
used. First, the precise relationship between vehicle speed and pollutant emissions is
unknown. There are some individual data as thlationship, but because of the
parabolic shape of the speed-emission curves, it is hard to calculate the average
emissions for a certain average sp¥ed.

Furthermore, only a limited number of pollaota are taken into acant in this model.
The combustion gases of road vehicles =tre$ a mixture of numerous substances.
However, only the health effects of the dabses mentioned in Table 3 are taken into
account in this model. This leads to an ued#@mation of the catlated human health
damages. This resulting error is likelylte low, because the pollutants mentioned in
Table 3 form the major part of the pollutaiat are considered relevant to he¥lth.

Moreover, the effect and damage factorshfiornan health damage due to respiratory
effects of carbon monoxide and nitrogen diexare zero, because the health effects
related to exposure to thesgbstances are characterized only for the egalitarian
perspective. However, a preliminary cdition shows that when the human health
damage due to respiratory effects ofocar monoxide and nitrogen dioxide emitted by
cars is calculated in the egalitan perspective, this healflhmage is about 7 per cent of
the human health damage due to healtbeicts of the pollutants given in Table 9
emitted by cars in the hierarchist perspective.

There are also no data available of the effect and damage factors for human health
damage due to non-respiratory effects oboarmonoxide, nitrogen dioxide, particulate
matter (PMg) and sulphur dioxide and dit® non-carcinogenic effects of
benzo[a]pyrene.
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Chapter 5: Conclusions and further research

51 Conclusions

In this study, a model is proposed to evaldh&health damage to local residents due to
changes in road traffic situations and tesults are compared with the global human
health damage due to both traffic adwlellings as calculated by standard LCA
procedures. When taking into accoth uncertainties, missing data and model
restrictions mentioned in Chapter 4e hollowing conclusions can be drawn:

It appears that for someol@ng in a dwelling along a steg local health damage due
to changes in road traffic situations mag/of the same order of magnitude as the
human health damage associated witHitbecycle of dwellings as calculated by
standard LCA methodologies. Compared ® ltluman health damage occurring in the
life cycle of road traffic asalculated by standard LC#ethodologies, the local human
health damage may be two to three ordémmagnitude larger. The local human health
effects due to (changes in) road trafiitiations thus cannot be neglected when
carrying out life cycle assessments ofedlimgs or complete residential areas.

The total human health damage due to roafficrdecreases greatly for a situation with
50 or fewer cars per hour or when the dwelimbuilt at a distance to the road axis of
more than eight meter. This is becausertbise level at the fagcade drops below the
lower threshold for communication and sleegtalibances, so the effective noise level
decrease drops to zero. This implies thagmvbomplete residential areas are assessed,
only roads nearby the dwellings need tddleen into account. This does not hold for
highways because of the higbise levels and pollutioemissions and the range of
noise and pollutant transport.

When the number of cars per hour drops, thedruhealth damage due to traffic drops
as well. However, when the initial nuetbof cars per hour is 100, the decrease in
human health damage is higher than wherniritial number of cars per hour is 50 or
lower. This is because the initial noisgdeis higher above the lower threshold for
noise when the initial car density is higher.

When the speed limit is lowered, the human theddmage due to traffic drops as well.
However, when the number of cars per hour is 10 or lower, the human health damage
does not change on lowering the speed limit.

5.2 Further research

The model presented in this study is a first steftie integration ofocal health effects
due to traffic in the life cycle assessmehtiwellings. The next step might be the
addition of missing data and the reductionha uncertainties in the model parameters.
The exact vehicle speed might be introducetthénfate factor calculation for pollutants
as well. Also the health effects of other meahtransport like railroad transport might
be included in the model to get am&dof the magnitude of the rebound effect.

When the model gives satisfying resultstéad of imaginary neighbourhood situations,
real neighbourhoods or residential areasdnatn a design state might be assessed with
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this model. One way to do this is to implement the model in a geographical information
system (GIS) environment, so that thap of the neighbourhood could be introduced

and the results can be presented as mayweladn this way, the comparison of traffic
situations in a neighbourhood could be caroatlin a way compatible with the life

cycle assessment of dwellings.
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